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on of Primavera P6 on Dasu Hydropower Transmission Line Project

ABSTRACT

a nominal installed capacity of proximately 23,500MW. Authentic available
ever, 1s much less due to the senescence of facilities and coerced outages caused
el and inadequate maintenance. The shortfall during peak summer hours is around
000MW against estimated peak load demand of 18,000MW. The lack of investments
opower sector — which is capital intensive — led to an incrementing quota of thermal
. Consequently, despite sizably voluminous hydropower potential in Pakistan,
in the Indus basin, hydropower share has declined from 64% during 1960s-to-1980s
7 30%. The Government of Pakistan (GoP) is now ramping up its investments in
ywer development and in this context; WAPDA commencing the development of the
| Dasu Hydropower Project on the Indus River in phased move starting from 1,080MW
ed capacity initially to the range of 4,320 MW to 5,400 MW at final development.

e period of last Ten (10) years, EnMasse Private Limited, has accomplished an
edgment in Pakistan in the field of Engineering/ designing. It has made this level of
s by owing specialists having better specialized and mechanical comprehension.
' Private Limited has grown extensive variety of administrations gave to Client to
h the projects/ ventures that incorporate that include surveys, planning, conceptual design,
wer system studies, detailed architectural design, engineering, procurement, construction

rvision, plant operation and maintenance till commissioning.

asse Private Limited is currently working on Dasu Hydropower Transmission Line Project
-consultant of KEPCO, South Korea, and providing its services to NTDCL (National
ission and Despatch Company Limited). The Primavera P6 (Project Management Tool)
ed and implemented on Dasu Hydropower Transmission Line Project (DHTLP) funded by
¢ World Bank for Planning, Scheduling, Monitoring & Controlling and Earned Value
Analysis on actual data provided by EnMasse Private Limited. The real time Project Status
orts, Project Performance Reports, Project Cost Reports, Earned Value Analysis Reports
d S-Curves, Project Baseline Schedules and S-Curves have been generated by using
fimavera P6 and make part of this report and is placed in Clause 9.3. During the Execution of
mplementation of Primavera on Dasu Hydropower Transmission Line Project” number of
cent year research papers have also been studied on different topics and some them are placed

e Clause 9.2 of this report.
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-. INTRODUCTION TO THE COMPANY

e era of last Ten (10) years, Engineering and Management Advisory Services
) Private Limited, has achieved a recognition in Pakistan in the field of engineering.
hieved this level of success by owing experts having better technical and industrial
ding. EnMasse has developed wide range of services provided to Client to complete
't that include surveys, planning, conceptual design, power system studies, detailed
ctural design, engineering, procurement, construction supervision, plant operation and
nance till commissioning. EnMasse has specialization in the designing of Ultra and
@ High Voltage Transmission Line and Sub-Stations, Overhead as well as Underground
| Electrification and Street Light System of the Housing Schemes and Internal/ External
cation System of Multistory Buildings, Survey and Mapping of Transmission and

stribution Lines, Power System Studies and Contract Management. [

¢ has highly qualified, experienced and technically sound personals as its resources to
omplish effective results. The resources mainly Engineers, Architects, Town Planners,
ofessional associates and Management specialists who with their revolutionary designs and
nuous increasing experience supported by technology of new era and adaptation to
ternal conditions has really helped in achieving and maintaining the company's operational

es for the excellent output.

elationship between client and company strongly based on giving complete satisfaction
yith its services, documentation, technical back up, prompt consideration and attentive
nse to all requests and comments and at the same time following the standards procedures

rengineering excellence.

ie Company’s key experts are highly experienced, professionally competent and technically
in the field of Transmission System especially the EHV System and Distribution System
ave given the large amount of contribution for the development of Transmission System
pto 765kV and DISCOs Distribution networks in Pakistan.

he standard of EnMasse is further raised by a panel of advisors whose expertise and
ience has added glamour to its standing and really acting like cheery on the top. The key

s and advisors of EnMasse have done the main developmental projects of WAPDA in
Page 15
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specially in Transmission System up to 765 kV which includes the stages from
mpletion which is spread over a period since starting from establishment of
ir contribution remained remarkable in the field of transmission lines and grid
ey have set milestone and look ahead in the development of electric power

f the Country.
f Activities

s offered by EnMasse in various fields are listed as under: [

e Reconnaissance studies

ty and e Preliminary Survey and Investigation
Studies o Development of Alternate Proposal

e Design and Cost Estimates

e Evaluation of Technical and Economic Feasibility

e Survey & Mapping
e Geo-technical Investigations

e Hydrological, Hydro geological, Soil & other Service

e Preliminary Design & Cost

o Model Tests

e Computer Simulations

e Detailed Design & Specifications

e Detailed Drawings

e Bills of Quantities, Cost Estimates & Schedules
e Preparation of Tender Documents
men e Evaluation of Tender & Recommendations

e Contract Documents

e Contract Coordination

e Construction Supervision, Quality Assurance &

ion & Contract Monitoring

e Certification of Periodic Payments to Contractors,
Equipment Inspection & Commissioning

e Legal & Financial Arrangements

Page 16
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e Completion Reports
-Construction e Operation & Maintenance Manuals
e Routine Maintenance & Safety Inspection

e Performance Monitoring

onmental and e Environmental Impact Assessment (ETA)
ettlement Studies e Resettlement Action Plan (RAP)
» e Social Impact Assessment (SIA)

e Load Flow Studies

er System e Power System Stability Studies
e System Fault Level Studies

e Assets Evaluation

e Power Tariff Studies

Table 1: Field of Activities

Organization Vision/ Mission
Vision
ide and create comprehensive, integrated solutions in industry development and advanced

tions to any technology in all over the world.

) Mission

bark on collaborative services which offer opportunities for long-term relations with

- Company Registration

) EnMasse is registered as Consulting Engineers at Serial No. CONSULT/ 1253 of the
-:I‘Register of Pakistan Engineering Council, for Civil and Electrical Works Only.

:‘; EnMasse is ISO 9001: 2008 Certified.

- Summary of Projects

cfs are mainly divided into two categories i.e. which have been done in the past and those

hare currently in progress by EnMasse Private Limited. In both categories it is evident

Page 17
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xpertise, skills and technical knowledge of the company in the field of giving
m past Ten (10) years. [

ing Projects
y are the On-going Projects at EnMasse Private Limited in Power System

n and Distribution (T&D) Division: [

Masse Private Limited is currently providing its Consultancy Services to NTDCL
National Transmission and Despatch Company Ltd.) for Engineering, Construction
sion, Testing and Commissioning of 765kV double circuit (D/C) Dasu
ower Transmission Lines from Dasu Hydropower Plant (HPP) to Islamabad via
sehra of about 250Kms as Sub-Contractor of KEPCO (Korea Electric Power

oration).

se Private Limited is presently providing Consultancy Services for Engineering
nstruction Supervision of Five (5) Nos. 132kV Grid Stations and Associated
Transmission lines under ADB Loan (Tranche II) and Seven (7) Nos. 132kV
Stations and Associated 132kV Transmission lines under ADB Loan (Tranche III)
. MEPCO, Multan, Pakistan. Details of the Grid Stations are as follows:

132kV Ali Pur Grid Station
132kV Fateh Pur Grid Station
132kV Noor Pur Grid Station
132kV Kamir Grid Station

132kV Miran Grid Station

) 132kV Chak-83/12- Grid Station

) 132kV Dahranwala Grid Station
i) 132kV Faqirwali Grid Station
132kV Fort Abbas Grid Station
132kV Shah Sadar Din Grid Station
) 132KV Mubarik Pur Grid Station
i) 132kV Chunna Wala Grid Station
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Masse Private Limited is also currently providing Consultancy Services for
ducting Environmental Studies for Third Party Validation Environmental
‘Monitoring and Management Plan of 36 Nos. 132kV Grid Stations with 30 Km Allied
f ransmission Lines of LESCO, Lahore and 220kV Grid Station Kassowal and Allied
Transmission Lines to NTDC (National Transmission and Despatch Company Ltd.),

-:f;Contract for Consultancy Services for Construction Supervision, Testing and
- Commissioning of Six (6) Nos. 132 kV Grid Stations, 175 Kms Transmission Lines
- and Allied activities in HESCO under the financing of ADB (Asian Development Bank)
against Loan No. 2972 Tranche-III has also been awarded to EnMasse Private Limited
‘in February 2015 and Consultancy services for following Grid Stations and

Transmission Lines are in progress and their details are as:

- Grid Stations

(i) 132 kV New Matli Grid Station (NEW)

(i) 132 kV T.G Ali Grid Station (Conversion)
(i) 132 kV Digri Grid Station (Conversion)

(iv) 132 kV Tando jan Muhammad Grid Station (Conversion)
(v) 220 kV/ 132kV Hala Road Grid Station (Extension Bay)
(vi) 132 kV Hala Road Grid Station (Extension Bay)

- Transmission Lines

~ () TM Khan 132 kV New Matli D/C (2KMs)

(i) New Matli — 132 kV to TG Ali (30KMs)

(i) T.G.Ali— 132 kV Digri (31KMs)

(iv) Digri— 132 kV Tando jan Muhammad (20K M:s)
(v) 132kV TIM — 132 kV Naukat (30KM:s)

(vi) 132kV Hala Road — Hala (65KMs)

' EnMasse Private Limited is also currently providing its Consultancy Services for
- Engineering/ Design, Construction Supervision, Testing & Commissioning and Allied

activities for following Grid Stations in private sector as under:
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V Grid Station, Rohri Cement Factory, Sukkur
2 kV Grid Station, Phase VIII (CBW) DHA Lahore
i) |“132 kV Grid Station, Phase IX DHA Lahore

A

1as also been engaged for providing Consultancy Services for the Testing and

g of Pakistan’s first Wind Power Project of 50 MW at Jhampir in Sindh,

ted Projects
the list of Completed Projects at EnMasse Private Limited in Power System
d Distribution (T&D) Division: [!!

' sse had been provided Consultancy Services to LESCO, FESCO, HESCO,
‘:-»O, [ESCO and SEPCO (Distribution Companies) for Deposit Works, SAP-
P (System Augmentation Program), Rural Electrification Works & B-3
ice Connection for the years 2012, 2013, 2014 and 2015 which includes Vetting of
s Prepared by the Client, Financial and Technical Review and Control of
of Materials to the Contractors as per the Estimates, Verification of Material
ed at sites and Preparation of Reconciliation Statements, Construction Works
ored with reference to the WAPDA (Water & Power Development Authority)
ications and Standards, Assistance to be provided to the Client in the Acceptance

Completed Projects and Preparation of Completion Reports.

isultancy Services for Rehabilitation of Existing Power Distribution System in
led City, Lahore which includes Installation of 630/ 400/ 200 kVA Transformers,
T Structures, HT/LT Cables/ Insulated Conductors (Mains & Services), Line
vare, Insulated Hardware, Accessories; Replacement of Electro-mechanical
J Three Phase) Meters and Defective meters with the new Static Energy Meters;
g of existing (Single/Three Phase) Meters at appropriate places;
tlement of outlived/ worn out existing network; Testing & Commissioning on

. of Job Orders of Walled City Lahore.
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t Venture with PES (Pakistan Engineering Services), Karachi, EnMasse had
d the Consultancy Services to HESCO for Asian Development Bank/ World

unded Project which included: Preparation of Preliminary Design, Preparation
\der Documents, Bid Evaluation, Detailed Design, Construction Supervi.sion,
d of Contract, Testing and Commissioning of HT/LT feeders for the Replacement
'Bare Conductor with Aerial Bundled Cables (ABC) on 3000 Nos. of Job Orders
istribution Networks of HESCO/ SEPCO and for the Rehabilitation of 11kV
Feeders of HESCO. EnMasse has the privilege of Introducing this new
logy of ABC (Aerial Bundled Cable) in Pakistan for the first time which has
iven tremendous results in terms of continuity of power supply and for the elimination

fpower theft in congested areas of Sindh, Pakistan through direct hooking.

asse Private Limited has successfully completed the Construction Supervision of
wing 132kV Grid Staions:

132kV WAPDA Town Grid Staion, Multan.

132kV Qasim Bagh Grid Station, Multan.

132kV Grid Station LAR, Multan.

132kV Khadim Steel Industries Grid Station, Faisalabad.

132kV Flying Cement Grid Station, Khushab.

) asse Private Limited had completed the projects of Electrification Design of
1L wing Housing Societies which included Comprehensive Survey of site for the
essment of Load, Designing of 11kV and 0.4kV Feeders and Sub-stations of
opriate Capacities by using Software for Feeder Analysis and the LT Network:
Canal View Housing Society, Lahore

. Prime Homes Housing Society, Lahore

(i) UNZE Housing Society, Lahore

) KEMC Housing Society, Lahore

asse Private Limited had recently provided its Consultancy Services to Azad
mir Hydro Electric Board (AJK-HEB) for Preparation of Load Flow, Short Circuit
System Stability Studies of four Nos. following Hydropower Projects:

3.2 MW Rehra Hydropower Station

| 3.0 MW Qadirabad Hydropower Station
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MW Hattian Hydropower Station
.2 MW Kathai Hydropower Station

Private Limited had also provided Consultancy Services to Engro Foods
National Hospital and Jamal Nasir Steel Mills Lahore for the Assessment of
for providing power to these entities from LESCO network. The firm has also
its Engineering Advisory Services to Noon Sugar Mills for Load Flow, Short
and System Stability Studies for Dispersal of 4.0 MW Power to 132kV Bhalwal
tation, FESCO Region.

nMasse Private Limited had delivered Consultancy Services for Engineering,
I uction Supervision, Testing & Commissioning and Allied Activities for Five (5)
. 132kV Grid Stations and 310Km, 132kV Transmission Lines under Power
istribution Enhancement Project Financed by Asian Development Bank (ADB) in
abad Electric Supply Company (HESCO) Hyderabad, and Sukkur Electric Power
ompany (SEPCO) Sukkur, Pakistan.
[

fasse Private Limited had provided its services to WAPDA House for Evaluating
lty/ Hazardous Network at WAPDA House, Lahore, Pakistan and Remedial/
tification Proposals with preparation of Engineers Estimate and Tender Documents.
sse has completed the project of Load Analysis/ External and Internal

ification of BARAAT GHAR, Model Town, Lahore.

sse Private Limited had carried out various Environmental Studies (EIA/ESA) of
/220kV Transmission Lines and Substations Projects of Pakistan, which include
/ ESA Studies of HIC-I (Lot-II) 220 kV Transmission Lines, 220kV Ghazi road
tation & feeding Transmission Lines, 220 kV Grid Station Dera Murad Jamali,
 kV UCH- SIBBI Transmission Line and 500/220 kV Shikarpur Grid Station and

ng Transmission Lines.

e Private Limited is fully equipped with highly Trained and Experienced
ssionals in its Contract Department to carry out National/ International Tendering/

| Evaluation of Financial, Commercial, Legal and Technical Proposals for the

wement of Services and Material and Sponsors. Our firm has carried out
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s per the guidelines of Pakistan Engineering Council (PEC) and under the

of Donor Banks.

;‘Private Limited provided Consultancy Services and Contract management for
CON Pvt. Ltd. for Survey, Estimation, Bid Preparation, Geo-Technical Study,
ute profile, Design, Drawing and Construction Supervision, Testing and
sioning and Preparation of Completion Reports of 220 kV Dadu-Khuzdar

mission Lines (Lot-IT).

fasse Private Limited had provided its Consultancy Services for the Construction
pervision of 220kV GIS Bandala Grid Station and Allied 220 kV Transmission Lines
salabad, 220kV Toba Tek Singh (TTS) Grid Station and Allied 220 kV Transmission
and 220 kV Okara Grid Station and Allied 220 kV Transmission Lines to NTDC

tional Transmission and Despatch Company Ltd).

sse Private Limited has also provided Consultancy Services for Construction
ision, Testing & Commissioning of Five (5) Nos. 132 kV Grid Stations and
Transmission Lines on the Trunkey Basis, Allied activities under Power
bution Enhancement Project (TRANCHE-2) financed by ADB in HESCO and

O Distribution Companies. Details of the Projects are given below:

132kV Grid Stations

o 132KV Jacobabad New (SEPCO).
Conversion of 66 kV to 132 kV Grid Stations.
a. Sukkur City (SEPCO)

b. Larkana City (SEPCO)

c. Talhar City (HESCO)

V Transmission Lines

e Thull-Jacobabad (In & Out at Jacobabad 2) (SEPCO)
 Araian Road-Sukkur City (SEPCO)

s Dadu New-Mehar-Larkana-3 (SEPCO)

o Larkana 2-Larkana old (SEPCO)

T i
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T.M Khan-Badin (In & Out at Talhar) (SEPCO)
In & Out for Kandiari (HESCO)
Kandiari-Sanghar 2nd Circuit (HESCO)
Mirpurkhas-Kindairi 2nd Circle (HESCO)

220/ 132 kV Shikarpur Larkana-2 (SEPCO)

nMasse Private Limited had also Provided Consultancy Services for Engineering,

‘Design and Construction Supervision of following projects:

~ (a) 132kV Qasim Bagh Grid Stations Multan in MEPCO under EPC Contract.
(b) 132 kV WAPDA Town Grid Stations Multan in MEPCO.
- (¢) 132 kV Flying Cement Factory Grid Station and Allied 132 kV Transmission
. Line.

~ (d) 132 kV Grid Station LAR in MEPCO under EPC Contract.
| I. (e) 132 kV Consumer Grid Station, Khadim Steel Industries (KSI) M-3, Industrial
Estate Faisalabad.

EnMasse Private Limited had provided its Services in Power Distribution Projects
Iégarding Preparation of Preliminary/Detailed Design, Bid Evaluation, Preparation of
Tender Documents, Award of Contract, Construction Supervision, Testing and
‘Commissioning of HT and LT feeders with the Financial Assistance of ADB and WB
in the Jurisdiction of HESCO/SEPCO. The work involved is as under:

IJ (a) Rehabilitation/ Bifurcation of 11 kV selected feeders.

b (b) Installation of three phase meters on 200 kVA and 100 kVA distribution

v (c) Transformers or AMR System (Automatic Meter Reading System).

(d) Installation of Aerial Bundle Cable along with complete insulated accessories

up to the consumer meter/ premises by replacing the bare LT network.

asse Private Limited had also provided its Services in the domain of consultancy
SAP-ELR/DOP, Deposit work and Rural Electrification Program in FESCO for the
2012-14, LESCO for the year 2012-14, MEPCO for the year 2013-14, HESCO for
ear 2013-14 and SEPCO for the year 2013-14.
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e Holder of ETAP Power System Simulation (PSS) Software

ate Limited has provided Advisory Services on ELR (Energy Loss Reduction)
load Management to various private utilities having equipped with ETAP
ansient Analyzer Program) Software Version 11.0.0 for the Load Flow Studies
ing of 11 kV Feeders and LT Lines.

anization Structure

ation structure of M/s EnMasse Private Limited are as shown below:

#
LV

Chief Executive Dificer

s l?.!

Financial & Admin
Officars

]

L J 3 L J 9
V- | V- V-

Directos {IT} Evecotive Dirsctors | Directar {Oversass)

d | 9
“! | Pﬂml%’égl mear

Principal Englesar

{GIE & TIL) {Distritasmion)

Technical Staff Technical Staff Support Staff

Figure 1: Organization Structure of EnMasse Private Limited
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Outline
cludes seven segments which depicts thoroughly about the Implementation of

(Project Planning, Scheduling and Monitoring and Controlling Tool) on Dasu

- Transmission Line Project. Section 1 includes about the Introduction to the
1, Vision, Mission and Summary of Projects which have been done in the past and
h are right now in advance by EnMasse Private Limited (the company). Section 2
part examined about the Project Charter of Dasu Hydropower Transmission Line
ion 3 depicts and talked about the Stakeholders and Stakeholder Analysis for Dasu
er Transmission Line Project and it likewise examined about Stakeholder Register.
| shows the Scope Statement of DHTLP which incorporates the Scope Description of
, Deliverables, Project Assumptions & Constraints and Project Exclusions. Section 5
ut the Risk Management Plan of Dasu Hydropower Transmission Line Project and

Risk Management Plan is talked about in detail. Segment 6 give detail portrayal about
‘ al Implementation of Primavera P6 on Dasu Hydropower Transmission Line Project.
ideas and focal points of Primavera over MS Project is likewise talked about in this

Conclusions and proposals/ recommendations for this activities are set in Section 7.

tion 9 of this report comprise of annexure which is further isolated into three
[Sub-areas. Clause 9.1 contain CBT Log which depicts the issues we have confronted
xecution of subject project/ venture in Primavera and how we take care of these issue
ing assistance from various sources and same are additionally specified in it. Clause 9.2
s of Research Papers; we have concentrated diverse research papers and taking
from these late paper amid execution of this project/ venture and same are joined for
Clause 9.3 contains the real outcomes acquire amid execution and checking/

and controlling of project/ venture work.
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PROJECT CHARTER

however, is much less due to the senescence of facilities and coerced outages caused
fuel and inadequate maintenance. The shortfall during peak summer hours is around
t0 8,000MW against estimated peak load demand of 18,000MW. The lack of investments
opower sector — which is capital intensive — led to an incrementing quota of thermal
t plants. Consequently, despite sizably voluminous hydropower potential in Pakistan,
in the Indus basin, hydropower share has declined from 64% during 1960s-to-1980s
‘ 30%. The Government of Pakistan (GoP) is now ramping up its investments in
er development and in this context the Water and Power Development Authority
A) is commencing the development of the proposed Dasu Hydropower Project on the
iver in phased move starting from 1,080 MW installed capacity initially to the range of
to 5,400 MW at final development. [

al Transmission and Despatch Company (NTDC) is in charge of the advancement and
of Transmission System in Pakistan. Hence NTDC would be in charge of mass
of force produced from the proposed Dasu Hydropower Project to the national
 at a fitting or more suitable area. Dasu Hydropower Project (DHP) is one of the 26
er Plants included in the Feasibility Study for Voidance of Power from 26
ver Projects on River Indus and its Tributaries in Northern Areas. Dasu Hydropower
{ (DHP) is situated on the River Indus of approximately about 210km upstream from
l and approximately about Seventy four (74km) downstream of Diamer — Basha
ite. It is located about 250 km from Pakistan Capital City Islamabad. DHP would have
ity of 5,400 MW and its first phase of stage 1 of about 1,080 MW is expected to be
June 2019. 2!

roject Objectives

all objectives of the Project are: [
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uct the System Studies and Prepare the Techno-Economic Analysis Report for
stion of Appropriate Voltage Level for Dasu Hydropower Project.

pare Tender Level Engineering Design.

uct the Environmental and Social Safeguard Studies for one Double Circuit
C) 500kV/ 765kV transmission lines from Dasu to Islamabad via Mansehra and
¢ the EIA (Environment Impact Assessment), SIA (System Impact Assessment),

and SMP Reports (Environmental & Social Management Reports including

epare the Pre-qualification and Bidding Documents including Engineering and

mics, Environmental, and Social Studies.

e of Work
work includes the Consultancy Services accommodates the Preliminary Survey
utes 500kV/ 765kV Transmission Lines from Dasu to Islamabad via Mansehra,
ent, Geotechnical and Soil Investigations, Preparation of Tender Level
Design, Environment and Social Impact Assessment Studies and their
t Plans, Preparation of Pre-qualification and Bidding Documents, Bid Evaluations
t of the Client During Tendering and Award of Contract for Double Circuit (D/C)
5kV Transmission Line from Dasu to Islamabad via Mansehra. The selection of the
] will be Finalized Predicated on the Recommendation in Review on Previous

‘and Techno-Economic Analysis Report. 2

e to be predicated on a Technically Viable, Optimal, and Cost Efficacious Design
ction Plan including Safeguards Studies for Double Circuit 500kV/ 765kV
 Line from Dasu to Islamabad via Mansehra, which envisages and counters the
posed by the arduous and inaccessible Terrain, High Altitude, Environment
ent weather, etc. These works will be carried out by a hired Consultant keeping
Engineering Practices, Applicable Standards, Code, and Guidelines; and will
ubstructure for project appraisal by the Government of Pakistan, the World Bank,

ernational Financial Institutions. %!
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cess Criteria
ying success criteria is proposed to achieve the objective of the project, and its more
ich shall include, but not limited to the tasks and assignments, activities outlined

are broadly grouped into four tasks:

em Studies, Surveys, Geotechnical and Soil Investigations, Tender Level
neering Designs, Cost Estimates, and Preparation and Evaluation of Pre-
fication and Bidding Documents as per requirement of Financing Agency.
Environmental Assessment, Planning, and Management.

Social Assessment, Planning, and Management.

Training to NTDC Officials, provide Technical Assistance and Support where/ if
'. requested by NTDC.

igh Level Requirement
‘Task Al: Review of Feasibility Study & Use of Existing Information/Data
Task A2: Transmission Line Route Alignment and Survey
‘Task A3: Preparation of Tender Level Engineering Design

(i) Sub-Task A3.1: Collection of Data and Investigations.

(i) Sub-Task A3.2: Design Criteria.
Sub-Task A3.3: Project Implementation Planning and Procurement Packaging
Sub-Task A3.4: Preparation of BOQ and Costing.
Sub-Task A3.5: Management Plan, EIAs, Environmental Assessment etc.
Sub-Task A3.6: Preparation of RAP (Resettlement Action Plan), SIA &
Beneficiary Participation Aspects.

-"Task A4: Tender Documents Preparation.

, Task A5: Tendering and Contracting.

‘Task A6: Technical Training.

Task A7: Preparation of System Impact Assessment (SIA) Study.

Task A8: Geotechnical Investigations.
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ct Assumptions/ Constraints

ent will provide all of the subsisting information, data, reports, maps, and studies
cted so far including feasibility study for evacuation of power from 26 already
ed hydropower plants (HPPs).

level at the time of contract was not finalized and it will be finalized; predicated
e recommendations provided later in the Review on already existing or previous
study and Techno-Economic Analysis Report.

lient will provide the route alignments of transmission line from Dasu-Mansehra
dy carried out under the previous feasibility study) and re-alignment of routes
ver required.

ultant will provide the technical assistance and training to the six personnel of the
ent.

nsultant will carry out the EIA (Environmental Impact Assessments) study by
wing the World Bank (WB) Guidelines, Pakistani Environmental Regulations and
perational Policies (Operational Policies 4.01).

sultant will do/ perform/ accomplish STA (Social Impact Assessment) as desired/
ed by Govt. of Pakistan (GOP) and the World Bank Guidelines for sundry project
ivities/ works.

 Consultant will prepare the Transmission Line Design Criteria Report according to

ternational standards mentioned in subsequent clause in the contract documents.

Con racted Budget

cted budget for the Consultancy Services for Dasu Hydropower Transmission Line
LP) is approximately about 300 Million Pakistani Rupees which includes
n, Reimbursable, Deliverables, Taxes and Contingency Costs. The World Bank
the Financial Assistance through Ministry of Water & Power (MoWP) for this

mpletion Period
is Time-Based Contract; so the total duration for completion the project is about

28) Months, starting from the 9" March, 2015 to 30™ June, 2017.
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h Level Risks
g are the list of Risks which are identified by taking Expression of Interest (EOI),

Proposal (RFP) and Contract Documents/ Agreements into account.

on-availability of previous feasibility studies.
Non-availability of system study data.
‘Non-availability of metrological data according to the required format.
Selection of voltage level may take longer time than expected.
1 Voltage level selection report may need more data/ justification than expected.
- Previous route alignment may not up to the mark/ or need complete realignment.
. In case of approval of 765kV voltage level more resources may be required.
- There may be security threat for international/ local key experts in Pakistan especially
at project site.
- There may be some conflict arises between consultant and client regarding selection of

: voltage level.

Major Deliverables

f the major deliverables are mentioned below in table.

Major Deliverables

x of Feasibility Study/ Inception Report

tion of Report on Review of Previous System Study

tion of Techno-Economic Analysis Report

Jlaliﬁcation Document

on Loading Zone including Loading Wind Maps

te Alignment and Survey Report

ration System Impact Assessment (SIA) Study Report, EIA & SIA Reports

n and Shortlisting of Bidders Report
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ntractors Bids Evaluation Report

ward of Contract

Table 2: Major Deliverables List of DHTLP

) Project Governance Requirements

u Hydropower Transmission Line venture/project shall be within/ inside/ internally
ed/ achieved by the Project Manager with direct oversight from the Project Management
U‘MU) Office, NTDCL. The PMU Office is chaired by the Chiet Engineer/ Project
or NTDC, Executive Sponsor (World Bank) and comprised of selected stakeholders
:BOD, MD NTDCL and other NTDC departments). The Project Manager will report the
ot status to the Project Management Unit (PMU) Office, NTDCL and present issues,
ns, and recommendations to the Project Management Unit (PMU) Office, NTDCL for

ler authorization and sanction.

1 Project Manager and Responsibilities

| ect Manager Mr. Jae Heun Park is hereby sanctioned authority to interface with the
e Sponsor (World Bank) and Project Sponsors (Board of Directors, MD NTDC &
TDC departments) through Project Management Unit (PMU), NTDC, (Project In-
as required, consult for assets/ resources, appoint obligations inside the extent of the
re/ project, and to impart, as required, with all colleagues and administration to learn
enient and prosperous fruition of the venture/ project. The Project Manager is in charge of
ng Project Plan, dealing with the schedule/ calendar, cost, and extent/ scope of the

te/ project, evaluating execution, and taking restorative and preventive activities where/if

.Aevelopment of Project Charter
and techniques used for the development of Project Charter are given below:

Documentation Reviews

Facilitation Techniques
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entation Reviews

nely consequential to review the Project Tender Documents (like Expression of
est for Proposal, and Amendments in RFP etc.), Term of Reference (TOR),
ement, Minutes of Meetings (MoM), Letters of Intent/ Award (LOI/ LOA) and
prepare the Project Charter as per follow the good practices and consummate the
m & authoritatively mandate of the Project Sponsor. The Project Manager, Design
Experts, Sub-Consultant Experts and Junior Engineers (Project Support Staff) etc.

ved in the document reviews.

rt Judgement
g experts were identified and considered important to have their view points to

ge/ evaluate the inputs/ efforts/ contributions used to develop the project charter:

ct Sponsor

ject Management Unit

ect Matter Experts

gn Department, NTDC

ing Power Department, NTDC
Consultant Team/ Experts and etc.

ent was not only applied to all the technical but also the management matters

rocess of developing the project charter.

litation Techniques
1g session and meetings were conducted with the stakeholders to identify the

nptions & Constraints, High Level Risks, and setting the Milestones of the
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Inputs Tools and Techniques Outputs

s (EOI, RFP, Contract )
Documentation Reviews
ent and Amendments etc.)
Project Charter

terprise Environmental Factors) | Facilitation Techniques

nizational Process Assets) Expert Judgement

Table 3: Project Charter ITTO Table
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PROJECT STAKEHOLDERS AND STAKEHOLDERS ANALYSIS

nition of Stakeholder as per PMBoK (Project Management — Body of Knowledge) is
very broad spectrum — anyone close/ nearby to the project/ venture is a stakeholder.

ject, the stakeholders can be categorized into following categories: [

Output Delivery Stakeholders

Funding Authority Stakeholders
) Review/Audit Stakeholders

4) Outcome Affected Stakeholders

Output Delivery Stakeholders
output conveyance partners/ stakeholders are people, gatherings, or associations in
the dissemination of the venture's/ projects yield. This incorporates extend

team members and sometimes, contractual workers/ contractors. !

' project output distribution stakeholders are project team (only as this project is
ing based project and no physical work is required) which includes project manager,
er, project coordinator, design experts, survey experts, system study experts, contract

local support staff, project office staff and others.

1ding Authority/ Executive Stakeholders

cendancy/ executive stakeholders are accountable/ responsible for the outcome/
sion of the project/ venture and grant approbation for relinquishment of funding and
n of resources. They are the corporate/ business owners of the project and support the
nent of project objectives. Funding ascendancy stakeholders include executive

oject sponsors and others. [

ect the executive sponsors are World Bank and Ministry of Water and Power
vt. of Pakistan and the project sponsors and others includes the NTDC Board of
NTDC, Project Management Unit (PMU) office and other NTDCL functional
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/Audit Stakeholders
partners are gatherings or associations who need to survey or review the venture/
it's deliverables to guarantee that legitimate procedures are taken after and the

liverables meets fitting norms. [

: ct review/ audit stakeholders include Project Management Unit (PMU) office,
ign department, NTDCL planning power department, NTDCL environmental and
ct cell (ESIC), regulatory agencies like NEPRA, PEPRA and environmental
iew/audit stakeholders often have the authority to stop a project until their
ddressed.

me Affected Stakeholders
ffected stakeholders are those stakeholders which are not directly involved in the

ion, however they are affected by the outcome of the project.

ct outcome affected stakeholders are Prime Minister, GM Dasu Hydropower
), Dasu Hydropower Consultant (DHC), Sub-Consultant Team, Local

eoples in Project Area and others.

and Techniques Used for Identify Stakeholders
s and techniques used for identification and verification of project stakeholders

elopment of Stakeholder Register are given below:

umentation Reviews
ceholder Analysis
rt Judgement

ings

entation Reviews

ry to review the Project Tender Documents (like Expression of Interest,
posal, and Amendments in RFP etc.), Term of Reference (TOR), Contract
nutes of Meetings (MoM), Letters of Intent/ Award (LOI/ LOA) and emails
tification of main/ major stakeholders and the preparation of the stakeholder

the good practices. The Project Manager, Design and Survey Experts, Sub-
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nt Experts and Junior Engineers (Project Support Staff) etc. were involved in the

t reviews.

holder Analysis

ely vital for this project to determine which stakeholders intrigues should be taken
it throughout the life of the project. We utilized the Mendelow Matrix to group the
predicated on their caliber of ascendancy (“power”) and their caliber of concern
regarding the project outcomes. It is paramount to prioritize the stakeholders to

¢ efficient utilization of effort to communicate and manage their prospects. [

[ Interest Grid additionally called Mendelow Matrix, grouping the stakeholders

ated on their caliber of ascendancy (“power”) and their caliber/ concern (“interest”) is

INTEREST

Figure 2: Power-Interest Grid of DHTLP
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mportant to group the stakeholders based on their level of authority (“power’) and

involvement (“influence”) in Project. For this Power/ Influence grid is used.

INFLUENCE High

Figure 3: Power-Influence Grid of DHTLP

pert Judgement
ing experts were identified and considered consequential to have their view points
comprehensive identification and listing of stakeholders and to prepare the

register:

ject Sponsor

ject Management Unit

ubject Matter Experts

sign Department, NTDC

anning Power Department, NTDC

Consultant Team/ Experts and etc.
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Judgment was not only applicable to all the technical matters but also with all the

nent matters during the process of developing the stakeholder register.

ect Manager were arranged the profile analysis meetings to develop the better
standing of major project stakeholders (which were identified during the project
ion reviews) and project staff. In these meetings information about roles,
ns and interests, erudition and knowledge, and the overall position of major project

s were exchanged and analyzed.

'i“‘, O Table of Identify Stakeholders

Inputs Tools and Techniques Outputs
Charter Documentation Reviews

ent Documents (EOI, RFP,

ct Agreement and Amendments | Stakeholder Analysis
7 Stakeholder Register

Environmental Factors
Expert Judgement

nal Process Assets (OPA) | Meetings

Table 4: Stakeholders Identification ITTO

keholder Register
r register should be consulted and updated on a conventional basis, as
n y change or incipient ones identified throughout the life cycle of the project.

r register for Dasu Hydropower Transmission Line Project/ Venture is shown
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on of Primavera P6 on Dasu Hydropower Transmission Line Project

JECT SCOPE STATEMENT

t Scope Description
scope of work includes the following items and it will be progressively elaborated

ct progress:

ng Information Usage and Review of Previous Feasibility Study

tant will review/ evaluate/ assess all of the prevailing information, data, reports,
conducted so far including feasibility study for evacuation of power from 26
dropower plants (HPPs) and make use of physical data of the site and available
, data, literature regarding transmission line projects carried out in similar terrain,

weather conditions worldwide in preparation and performance of the Consulting

mission line Route Alignment and Survey
nt would carry out route alignment, geotechnical assessment, estimation of BOQ
nder level foundation design and tower protection (including special foundation

ndation requirements). This includes but not limited to the following: [?!

of the route alignments of transmission line from Dasu-Mansehra (already
out under the feasibility study) and re-alignment of routes wherever required or
ping alternate route alignments, if necessary.

alignment for Mansehra — Islamabad section.

alignment/ placement task inter-alia will comprises of but not limited to the
ing:
L
Identification of three alternative route alignments & selection of optimized
~ route alignment. This shall be done through walk over survey, using low
,:, resolution satellite imageries and Survey of Pakistan maps. The output shall be
m the form of final route alignment on digitized topographical map with latest
:,_‘etails/features up to 8 km on both sides of selected route alignment.

) Digital terrain modeling of line route using high resolution satellite imageries.

) Associated field verifications.
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paration of survey reports including estimation of Bill of Quantities (BOQ),
ntification and explanation of route constraints, and infrastructure details available
route and required to be created for construction/execution of the Project.

aration of Tender Level Engineering Design

sultant shall collect and analyze weather/climate data and estimate weather loading
design of transmission line. Based on meteorological data, altitude & terrain; the
int shall determine various loading zones/develop maps along the transmission line
shall pass through terrain with varying elevation and climatic conditions, to

esign of various transmission line elements/components. (2!

Itant shall perform necessary engineering & design to meet the objective/scope of

. The Consultant’s design shall include but not limited to providing: !

sign criteria, calculations, drawings, specifications for steel towers, conductor, Extra
Strength (EHS) shield wire, optical ground wire (OPGW), dampers, disc
nlators, etc., including accessories and associated hardware/equipment and
rounding materials;

dation design;

truction and installation methods;

er documentation necessary to complete the Consulting Services.

ltant shall prepare a critical path schedule for the Project, starting with the tendering

ng for International Competitive Bidding (ICB) and the construction period up to
tion, using appropriate project scheduling software. Based on the identified

. f the various project components, the Consultant shall prepare a detailed BOQ

ct including plant, civil works, installation services, security services, vehicles,

1d software’s to be provided to NTDC for its capacity building etc. 2!

i

"gement Plan and Environmental Assessment

t will do the site particular Environmental Impact Assessments (EIAs) as

der the Pakistani Laws. The project is to be actualized/ implemented taking after

onmental Regulations and the World Bank Guidelines and Operational Policies
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nal Policies 4.01) and rules of other Global Monetary Institutions like World Bank
ong these lines, the Consultant will be in charge of get ready and redesigning these
as expected to meet such prerequisites for ecological evaluation of the Project and also
d natural effects of the Project and advancement programs in the region. [!
‘Resettlement Action Plan and Social Impact Assessment

sultant will do a social appraisal as required by the GOP (Government of Pakistan)
Norld Bank Guidelines for different project exercises/works. In view of discoveries of
valuation, if land or property is to be obtained forever or incidentally as well as
are influenced essentially, the Consultant will decide, on their acclamations/
ations of the Social Assessment, the alleviation/ mitigation approach and arranging/

nstruments vital before the World Bank's examination of the Project. These possible

include Social Impact Management Framework, Resettlement Policy Framework,

I dering & Contracting
ltant will provide as and when required basic professional services to assist the

dering for the project, the evaluation of offers and the award of contracts. [*!

nical Training
| t will likewise give specialized help and training to no less than six work force
The Consultant shall develop a comprehensive training program that enables the
.’ ers (trainees) to perform the Design & engineering services for similar projects

future.

Progress Reports

| Progress Reports

of Previous System Study Report
1 ,conomic Analysis Report

1 Impact Assessment Study Report
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':'oading Zone Report including Loading Wind Maps

‘Engineer Estimates

mentioned deliverables will first scrutinized by the concerned departments of NTDC
completeness of documents as per term of reference (TOR) and also checked the
nal Standards which were followed for the completion of these documents/

. Further these approved deliverables will be submitted to World Bank for

ject Assumptions and Constraints

Client will provide all of the subsisting information, data, reports, maps, and studies

cted so far including feasibility study for evacuation of power from 26 already

>d hydropower plants (HPPs).

e level at the time of contract was not finalized and it will be finalized; predicated

recommendations provided later in the Review on already existing or previous

study and Techno-Economic Analysis Report.

client will provide the route alignments of transmission line from Dasu-Mansehra
dy carried out under the previous feasibility study) and re-alignment of routes

| r required.

sultant will provide the technical assistance and training to the six personnel
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';“onsultant will carry out SIA (Social Impact Assessment) as needed/ required by the
‘GOP and the World Bank Guidelines for sundry project activities/ works.

nsultant will carry out the EIA (Environmental Impact Assessments) study by
lowing the World Bank (WB) Guidelines, Pakistani Environmental Regulations and

WB Operational Policies (Operational Policies 4.01).

Project Exclusions
which is not written in the Project Scope Description are considered to be out of

ope and will be treated as Project Exclusions.
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-~ RISK MANAGEMENT PLAN

Methodology

“:rocesses discussed in Clause 11 (Project Risk Management) of “A guide to the Project
I 4‘ ement Body of Knowledge” (PMBoK) Fifth Edition and Practice Standard for Project
k Management of Project Management Institute (PMI) will be used for preparing the Risk
ment Plan and Risk Register including Responses against each identified risks. The

Is and Techniques mentioned in each process will be used to prepare above mentioned

-; Roles and Responsibilities
Roles and Responsibilities table defines the project manager, risk officer, executive

-and project sponsor who are responsible for risk management activities throughout the

Role Responsibility

The part of the Project Manager is to compose and affirm the Risk
Management Plan, characterize the risk administration approach/
Manager | philosophy/ methodology, partake in the risk administration
] process, and take responsibility of negative and positive risk

strategies.

The Risk Officer is in charge of driving the risk management
exertion, risk distinguishing proof exercises, and guaranteeing the
sk Officer ; L ' o o
Risk Register is kept up. The Risk Officer is in charge of giving the

Project Manager suggestions with respect to risk activities.

The Executive who gives the budgetary assets and business expert
utive for the venture/ project. The Executive Sponsor is educated of
ponsor significant risks and gives contribution to risk alleviation/ mitigation

techniques/ strategies.

The Project Sponsors is the business administration group including

tSponsor | NTDC Board of Directors, MD NTDC and other NTDC offices who

is in charge of guaranteeing/ responsible that the requirements and

Page 49



plementation of Primavera P6 on Dasu Hydropower Transmission Line Project

Role Responsibility

achievements inside the business territory are generally known and
comprehended and guarantees that the outline of the framework
meets both the useful and non-practical business objectives. The
Project Sponsor is educated of real risks and gives contribution to

risk moderation/ mitigation procedures/ strategies.

The project should be inside overseen by the Project Manager with
direct oversight from the Project Management Unit (PMU) Office,
NTDCL. The PMU Office is led by the Chief Engineer/Project
Project Director, on the benefit of NTDCL (client). The project manager
‘Management | present the month to month/quarterly advance reports, extend
1 nit (PMU) deliverables and invoices to PMU office for endorsement. The
‘”. Office Project Manager will likewise report the venture/ project status to
the Project Management Unit (PMU) Office, NTDCL and introduce

issues, alternatives, and suggestions to the Project Management Unit

(PMU) Office, NTDCL for approval.

- Table 6: Role and Responsibilities of Key Stakeholders of DHTLP

I geting

ency reserve will be assigned to those identified risks or “known-unknown”
dentified, unknown = risks) which cannot managed proactively. It will be included
baseline and estimated based on various risk management techniques like Decision
and etc. Whereas, 10% of total project cost/ cost baseline will be kept as
[ reserve to manage the unidentified risks or “unknown-unknown” (unknown =
, unknown = risks). Based on the assigned resources for risk identification and
risk officer and its support staff, their remuneration charges will be charged

nd it will be included in cost baseline.

ingencies reserves will be assigned to those activities on project which are
sks. These kind of activities are identified during the risk identification

onse planning or monitoring and controlling process. The given below table
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ys the timing and frequency of the risk management processes throughout the life cycle of

Risk Management o
Timings
Processes

anagement Plan Once during planning phase.

Ongoing throughout all the phases of the project and also as a
entification result of implementation of risk responses or monitor and

controlling of project risks.

Performed on all identified risks or when new risks are
Y | identified as result of implementation of risk responses or

e Risk Analysis | ] ) _ o
. monitor and controlling of project risks. However, it is also

performed on those risks whose responses are re-planned.

Performed on all identified risks or when new risks are
identified as result of implementation of risk responses or
monitor and controlling of project risks. However, it is also

performed on those risks whose responses are re-planned.

Performed on all identified risks or when new risks are
identified as result of implementation of risk responses or

monitor and controlling of project risks.

1. Monitor response plans at project status meetings. Identify
and | new risks and reevaluate throughout all project phases.
2. Once during the closing phase by conducting review and

audit.

a fundamental action of project management. It is vital to group risks into
ing in mind the end goal to minimize extend disappointment rate. For this
categories are Technical Risks, Environmental and Social Risks,
s and External Risks etc. The table and figure shows the major and sub-

ification for this project and may be useful in categorizing project risks.
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' Category . ‘ ' 'Sub-category

schnical Risks | Term of Reference/ Scope of Work, Project Objectives, Standards,
Technical Studies and Analysis, Technical Software’s, Technical
Reports, Drawings, Digital Elevation Model (DEM), Specifications,

Technical Data, Training and etc.

Culture, Environment Protection Agencies, World Bank Guidelines,

Local Communities, Security and etc.

Project Management, Resources, Communication, Internal

Procurement, Contractual Terms and Conditions, Financial and etc.

al Risks Legislative/ Regulatory Authorities, Political, Pressure Groups,

Weather, Force Majeure and etc.

le 8: Risk Categories in term of Major and Sub-Category for DHTLP

fication is the basis of risk management. For this Project Risk Breakdown Structure
ized with the end goal of risk identification. The RBS is characterized in
rms to the WBS, as a source-oriented gathering of venture/ project risks that sorts
cterizes the aggregate risk introduction of the venture. Each plummeting level
undeniably nitty gritty meaning of sources of risk to the venture/ project. The RBS
lines a various leveled structure of potential risk sources, which can be a
ide to comprehension the risks confronted by the venture/ project, going about as
ture and guide the risk administration prepare, similarly that the WBS has been
[ manager most noteworthy device/ tool in arranging/ planning activities, since it

acterizes the work. I

f WBS and RBS

on/ interface between the Risk Breakdown Structure (RBS) of a project and
lown Structure (WBS) is a helpful system to partner risks to the exercises of a
S utilizes a progressive structure to characterize the real errands, minor
d work packages (WPs) important to achieve the last/ final destinations of a
hile the Risk Breakdown Structure (RBS) arranges project risks utilizing a

l arrangement of wellsprings of risk. !
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utilization of WBS and RBS can be utilized to create a grid structure, which permits
ct team to deal with the risk at a level of detail proper to the particular business setting.
such a joined framework, risk examination is initially performed recognizing and
ing risks utilizing the RBS, either straightforwardly or to bolster different techniques
cation, for example, conceptualizing or meets and so forth. The least levels of the
en connected to the WPs in the WBS, creating a two-dimensional grid. A connection

t if a specific risk can influence a particular Work Package. [°!

Project Risk /
Issues
]
Technical Risks Environmental Management External Risks

) and Social Risks
1 Risks
" ————————— i FEEss e l ————— [ e el e e [ - T e beienio: m |
. |

A Term of Culture Project Management! Legislative/
| Reference/ Scope Regulatory

of Work Environment Resources Authorities
» Protection Agencies
roject Objectives Communication Political

World Bank

Standards Guidelines Internal Procurement Pressure Groups

Contractual Terms Weather

and Conditions

| Technical Studies Local Communitie
and Analysis
Security and etc. Force Majeure and

Technical Financial and etc. etc.

Software’s

Model (DEM)

Specifications

Figure 4: Risk Breakdown Structure (RBS) of DHTLP
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a efinitions of Risk Probability and Impact

:project, the definition of Risk Probability (is the likelihood that a risk will occur) and
 (is the effect on project objectives if the risk occurs, which may be a negative or a
ve effect) is defined below in table. The probability and impact (of cost and time on
t objectives) against scale is defined in percentage. As the Impact on project objectives
ime) are expressed in percentage so, it can be positive or negative based on the risk
on that it will opportunity or threat. However, second table mentioned below give
meric values of probability and impact against defined scale. The combinations of these
values will be used to determine the risk values and it will be used to rank the risk in
rate category i.e. High, Moderate and Low. After ranking, the risks in High category

er evaluated in Perform Quantitative Risk Analysis process.

v Impact on Project Objectives
Scale Probability
Cost Variation Time Variation

Very High 75 - 100% Greater Than 20% Greater Than 15.7%

High 40 - 75% 12 -20% 10.50 - 15.7%
Moderate 20 - 40% 6-12% 5.30-10.50 %

Low 10 - 20% 2-6% 2.50-5.30%
Very Low Up to 10% 0-2% 0-2.50%

Definition of Risk Probability & Impact on Project Objectives Cost & Time

) Probability Impact
| Sr. No. Scale
Numeric Value | Numeric Value
1 Very High 1.00 100.00
2 High 0.75 75.00
3 Moderate 0.40 40.00
4 Low 0.20 20.00
5 Very Low 0.10 10.00
Definition of Risk Probability and Impact in term of Numeric Values
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Probability and Impact Matrix
bability and impact matrix is a grid for mapping the probability of each risk occurrence
S impact on project objectives if that risk occurs. The combinations of probability and
tresult in a risk’s being classified as high risk (red color), moderate risk (yellow color),
v tisk (green color). The P-I Matrix used in this project is shown below. The risk score

ut the risk into a category that will guide risk response actions.

pfoject, if the risk score is equal or greater than 30; it will be categorized into High
risk score is equal and greater than 10 but less than 30; it will be categorized into

e Risk and of the risk score is up to 10 then it will be categorized into Low Risk.

Probability and Impact Risk Ranking

) Thearts Opportunities Probability
100 | 1000 | 2000 2000 | 1000 | 1.00 | VeryHigh
5 15.00 15.00 075 | High
800 | 16.00 16.00 | 8.00 0.40 | Moderate
800 | 1500 | 2000 | 2000 | 1500 | 8.00 0.20 Low
) 10.00 | 10.00 0.0 | Very Low

10.00 | 20.00 | 40.00 | 75.00 | 100.00 | 100.00 | 75.00 | 40.00 | 20.00 10.00
VeryLow| Low |Moderate| High |VeryHigh|VeryHigh| High |Moderate| Low |VeryLow

Impact (Thearts) Impact (Opportunities)

re 5 Probability and Impact Matrix for Risk Ranking of Dasu Project

ting Format
tibes the frequency and format of the outcomes of the risk management process

nted, analyzed, and communicated.

A document used to report | It will be updated after every planning
results of risk identification, | process.

nalysis & response planning.

h
Al
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teporting

o Description Frequency

Viethod

Status reports are generated in | Status reports are communicated to the
monitoring and controlling | project stakeholders after submitting/
process. achieving of every  deliverables/
milestones as mentioned in deliverable/

milestone list.

Table 11: Reporting Method and Its Frequency for DHTLP
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" PRIMAVERA IMPLEMENTATION ON DHTLP

" Primavera Introduction

P6 Professional Software is Project Management software which is used to assist a

etile organization to organize multiple projects at a time. It helps us to understand that
L resource can be allocated to different projects to overcome the shortage of resources.

vera P6 helps us to better attain our targets keeping in view the triple constraints and to

and control the process of a project successfully and effectively. This Software is

other software’s like Oracle and SAP’s ERP systems. (6!

P6 and MS Project, both are scheduling tools but the flexibility and the control we
ing Primavera P6 cannot be achieved by MS Project. MS Project does not offer such

f controlling multiple projects simultaneously. [

am members are working on a project and as a Project Manager, you can give access
ber as much as you like i.e. permitting access to a particular area. MS Project
0 create limited number of baselines for a Project while unlimited baselines can be

“Maintain baseline” option. [¢!

t carries some issues and risks which need to be identified and addressed

making specific plans. Primavera software has the ability to record the risks in

activity has some successor and predecessor except for the initial and the
S Project give only one relationship between activities but Using Primavera,
iltiple relationships among activities. To check the expense on a particular

a gives the option to track it while MS Project misses this feature. [¢]
Advantages over MS Project

rimavera in comparison to MS Project are as given below:

in the project can be observed and tracked at any time interval. We can

gress of the project has been done. [”!
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Forecasting
y Project, time comes when you need to overlook your available resources and

ning time for completion of Project and scope; hence accordingly you have to adjust for
7

Better and Fast Access
are helps us to track multiple projects through a laptop rather than using different
ach project. [7)

ganized Network
elps us to sort out the resources, constraints and other needs in a better way. It gives
 to enhance the communication among different users in order to complete the

uccess. 7]

in schedule creation
ovides every member to set the schedule for the activities of their part himself by
e. This Schedule is available to all other users of the team and similarly other

also visible to each other so a better collaborative environment is established. [/}

ntification

isks are closely associated to each other. More number of risks gives rise to
that particular risk, as a result increasing overall budget of the project. Being
s in Primavera, you can plan better how a risk is to be tackled in the most

keeping in mind the Constraints. !’

n
a problem somewhere and are not aware of the solution, you can use the help

> optimal solution. !

“urrencies
us the option to use the different currencies as required and eliminating

o only local currency. ")
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Cost Control
roject along with its activities reduces the chances of cost overrun in any project.

ully facilitated in Primavera software. "]

al benefits
obal software used worldwide used in planning, monitoring and controlling of

vities and resources as per Project Management instructions. [

nterprise Project Structure)

y be working on different projects at a time. EPS provides the platform to exhibit
jects in a hierarchy. EPS can be further divided into different levels depending
s of the respective company and departments. These are the EPS levels which
cts in themselves. Project selected for a particular EPS level will be as per

e department and its relevance.

¥ to create EPS

3, following order to be observed.

Enterprise in the window and then select Enterprise Project Structure.
Add icon.
 can be located by using upward and downward arrows.

Responsible Manager can be assigned to EPS from OBS.

1y EPS

e Private Limited is shown below:
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( f EnMasse Private Limited is shown below:

2 7: OBS of EnMasse Private Limited in Primavera P6

k Breakdown Structure)

| of a Project. This is again a hierarchal structure representing different
ctivities and their relationships. This reflects an organized order that
h other are all under the same level. Activities can be added to a specific

on the left top of the window hence activities can be added to respective
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3¢

BS levels. This structured network gives us a framework for budgeting, scheduling,
suring and reporting a project status and its performance. It is important in a way that
ject Manager is aware of all high and low levels of WBS and aware which area needs more
ntion to control the Project. The WBS provides a roadmap to plan the Project. A WBS also
les us a summary level check list to the activities that must be completed. [

How to create WBS

f: Click on Project in the window and then select WBS.

¢ A new window will open, where you can add different WBS by using Add option in
] the left up side of the window.

- Different Layouts can be obtained by using display options.

L

"WBS of Dasu Hydropower Transmission Line Project
otk Breakdown Structure (WBS) of Dasu Hydropower Transmission Line Project is shown
however, detailed WBS is attached in Appendix of this report.

WBS Details

18-Jan-17 1658

, there are 6 types of Activities. When you have created the WBS, it’s the time to

ty types. It has impact on an activity duration i.e its start date and its finish

ds special attention while selecting an activity type. 11101
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Start Milestone & Finish Milestone

Resource Dependent

ype of Activity is chosen when activity duration is dependent on the availability of
This happens when there are limited resources and more than one activity needs a
lar resource. An example of this Activity type is any resource which can complete a task

ys, but if you are having two such resources, this task can be done in 2.5 days and vice

Duration - Budgeted Units / Budgeted Units / Time

1

%, Budgeted Units are numerical value of resource allocation.

ar say that, in such Activity type, a resource calendar is followed rather than Activity

far. Duration of such activities depend upon the calendar type chosen. P11

Task Dependent
ity type is used where you have a specific time period and you can neither lack to
e nor surpass that irrespective of the number of resources available or assigned. In

es, activity calendar is used rather than resource calendar. P11

;stalling a window will take around 45 mints and a professional installing the same

will also take 45 mints. You have a better resource now, but the time taken remains

ivity type is chosen where the duration of a particular activity is depending on some
or Successor activity. If an Activity is 22 days long and its successor activity is in

onship with this activity, then the Successor activity is depending on the finish date of
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sor activity as when the Predecessor activity will finish, after 22 days of that the

ssor will start. This is how duration is calculated in this type. P17

BS Summary
ty duration is assigned to the overall length of the WBS which is actually depending
arting date of the first activity of the WBS and the Finish date of the last activity of

ne WBS. Hence its duration is overall time, the activities take in a WBS. P11

How to Add an Activity
Click on the Project in the window and then select Activities.
ck the ““.” on the top right side of the window.

ect an appropriate WBS before putting an Activity in it.

Duration Types
yjpe is used to find out the exact duration of an Activity by keeping in view the triple
Duration type is selected once you have assigned the resources to the respective

. Duration types are as: [!!]

xed Duration & Units

duration type addresses the fact that Time and total units to be produced are fixed
“the number of resources assigned. The Units/ Time i.e. Productivity can be varied
its are fixed in amount. So, we can say that this type of activities is usually task

ctivities as they are bound to follow a calendar. [!!]

Duration & Units/ Time

ation type is selected when duration for achieving a target is fixed and units/
fixed. The thing we are unaware of in this type is Units to be produced which is
king into the total units produced per day. This activity duration type is again

ent due to following a time schedule. [!!]
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Fixed Units
ity duration type is an indication of fixed total number of units to be produced. This

s a resource calendar as more resources available can help to get the target that is

Fixed Units/ Time
activity duration type, the daily produced units are fixed regardless of the total duration
This is resource dependent activity and it searches for the availability of resources

tesource calendar. M1

Pe centage Complete Types
ives a way to calculate the total completed work of an activity. It varies from
0 company that how to report the progress of the activities. Different types of

Complete are as: ['!]

iration Percent Complete
s utilized when we know the original duration of an activity that it may take for

and the remaining duration at any stage. ['!/
Percent Complete = Original duration — Duration remaining

having original duration of 10 days will be 50 % complete after 5 days of start.
ful for level of effort type of activities where you are not looking for deliverables
tage complete based on duration of activity. Once you will select the start column,

11 automatically calculate the Duration percent complete. [}

ysical Percent Complete

complete type is used where you are setting the % complete manually. In this case,
luration is not calculated automatically by Primavera, but we have to either enter a
h date or the exact finish date manually. This will help Primavera to understand
e finish date; hence actual duration will not be added to the remaining duration

give rise to a problem and increasing the total duration of an activity. ['!!
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preferred where personal judgment and performance monitoring is required. When
eliverable after a particular process, this type is used. This type is neither linked to

or duration within Primavera. ['!]

its Percent Complete

t complete type is a kind of a tool to calculate the performance of the activity. It
idea that how much units have been achieved and how much still to come so you
idea which resource to be placed where to mobilize the process, if required. In

it can be sued to track the units achieved. It can be calculated as: [!1]
Unit Percent Complete = Actual Units/ Planned Units * 100

e
as a bench marking tool to track the performance of the Project against Project
actions to get it back on track if deviated. Primavera gives us the flexibility to
le baselines at different time intervals. If you have not created any baseline for a
‘ rent data may serve as baseline. First a baseline is created and then it is assigned

track the progress. 12

Baseline
 project and select Maintain Baselines.

mdow opens where you can click on “Add” option to add a baseline.

ave a copy of the current project as a new baseline” and then select “OK”.

a Baseline
ject and then select the Assign baseline option.

w opens with Project baseline and User baselines.

aseline, which is known as Project baseline. This is the baseline against
ced. This creates a collaborative environment for all the users to check the

rogress of the project at any given time. [1?]
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multiple baselines for a project. As a part of the project team, an individual selects a
hich he will be using as a bench mark for his part of work. The baseline hence
called Primary baseline. Similarly Secondary and Tertiary baselines can also be

| depending upon the needs, if you want to refer to multiple baselines. [

ity Calendar Settings
- calendar is important to set the working and non-working days in a week, month or
imilarly they are helpful in describing man hours per day hence making easy to make a

accordingly.

Figure 9: Calendar Selection for Project/ Activities

ypes of calendars are available and you can select as per your organization and

nvironment. For detailed setting of calendars:

. on Enterprise and then select Calendars.
w window with different options like Global, Resource and Project appears.
your calendar and then select “Modify”.
‘you can select Total working hours/ day.

nilarly calendar weekly hours option can also be set using “work weeks” option.

M
“1
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Figure 10:  Selection of Working Hours

rs/ day or hours/ week can also be set by:
cking on “Admin” and then selecting “Admin preferences”.

window opens where “Time period” option may be selected for desired setting.
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Hours per Time Period

pecify the numbgf‘df work hours for each time peri

Selection of Working Hours/Day, Hours/Week, Hours/Month, Hours/Year

ed Value Management (EVM)
t success for your project, first step you need is to measure the performance both
to Time and Cost. In other words, you need to compare your actual cost with
of task. Earn value management is the best technique used for this purpose. You
of the progress and plan accordingly that how to bring things back on track. We
cost and schedule variance through earn value concept. Earned value cost is the

work performed as of the data date and it can be calculated as: [!*!

ed value Cost = Budget at Completion * Performance % Complete
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value is made at the WBS level where all activities in a WBS have same settings.

ra gives us the option to select Performance percent complete in different ways: ['3]

Activity Percent Complete
y percent complete gives us the earned value cost by using the details of how much an

has been completed. It is further divided into three options.

Duration Percent Complete
earn value is used when the progress of project is tracked by using the remaining

11.e. (Original Duration —Remaining Duration/ Original duration) * 100

Units Percent Complete
used when we track the progress of project by using actual work performed and

g units to complete i.e. (Actual Units/ At Completion Units) *100

Physical Percent Complete

perience and judgment is required if you want to avail this option.

S Milestone Percent Complete
are defined at each WBS level and we give each of them a worth or value. With the
of time, when you see that some progress has taken place and then you check those as

and hence the performance at WBS milestone on all WBS is calculated. (13

100 Percent Complete
alue is only calculated 100 % once the whole activity has been completed. You have

r completion of an activity to track performance. [13]

0 Percent Complete

1 choose the earned value type as 50/50 percent complete, as soon as the activity
s marked as 50 % complete. When the activity finishes, only then earned value
100 %. 1]
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Custom Percent Complete
ed value type is used when a user himself defines some percentage as soon as the

starts. Its earned value is also taken as 100 % when activity finishes. [!*]

Schedule Variance
“.portant parameter to analyze the Project progress. The main objective of every Project
on track by following the baseline schedule. Meanwhile, it also avoids the schedule
et slipped from baseline and hence avoiding from cost overrun too. This tool gives us

whether you are ahead of Schedule of behind the Schedule. 13!
SV=EV-PV

FSV is positive, it means that you are ahead of Schedule.
V is negative, it means that you are behind Schedule.

SV is zero, it means you are on Schedule.

ost Variance

ake a project Successful, you need to complete it within approved budget. If you

affect the profit that might come by completing it on time and within cost. It is

ve in the sense, that whether we are going within cost limits or exceeding it. ['*]
CV=EV-AC

e Cost variance, gives you the indication that you are under budget,
ve Cost variance, indicates that you are over budget.

ilarly if Cost variance is Zero, it gives the idea that you are following the cost

€.

1edule Performance Index

ective tool which gives the indication that how efficiently you are going with

project progress in comparison to Project baseline Schedule. [
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SPI=EV/PV

IfSPI> 1, It tells us that more than planned work has been completed.

ng option in Primavera P6 is used to organize the schedule of the Project. Scheduling
e assessed by going into “Tools” and selecting Scheduling. Hence all activities of
¢ applied the same settings. You can calculate multiple critical floats path which
to know to the critical paths and hence taking certain measures for them. Actually

ends upon the logic you select for particular activities in order to schedule them.

 implemented when you will not have to make progress on an activity until all of

essor activities get completed. (4]

ress Override

ide allows the activity to proceed until activity finishes. It is independent of the

what you are carrying so far. It focuses on completion of activity. [4]
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3 Actual Dates
logic emphasizes on the actual dates which are later on used to calculate forward and

ward paths which are critical for scheduling. Both are used to find out the total duration.['4

'S-Curve in Primavera

Ive is a way to show cost, man hour, units against time in the form of a plot. Its shape is
Iphabetic “S” as in the start of the project, let’s say cost is very high and then in the middle
with the passage of time, you start controlling constraints in favor. At completion time

foject, again it starts increasing due to some unavoidable circumstances. [!°]

w cance can be realized with the fact that being the Project manager of a team you need

~-Curve in Primavera is as follow:
Man Hours versus Time S-Curve
Costs versus Time S-Curve
Baseline S-Curve

' Actual S-Curve

" Target S-Curve

 Value and Percentage S-Curves

Hours versus Time S-Curve

S 1s suitable for the projects where high labor rate is involved. Here it gives us the
0w much man hours are working for project. In other words, it gives us the idea that
1man hours are resulting what accomplishments. They are helpful to keep the project

yallocating more man hours in urgency. [

versus Time S-Curve
s Time S-curve is used when there is a distinction between labor and non-labor
ome might be allocated resources while others might need to outsource for on time

project. Hence you can calculate the cost incurred over a period of time. [
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3 Baseline S-Curve

start of any project, a prototype is made. A plan is originated and then this plan is taken
rent phases of the project. This may be called as Baseline of the project. Similarly,
me S-curve is made against project baseline and hence it assists us to monitor the progress

ject so far. Baseline may need to revise if you are making changes in proposed plan
15]

4 Actual S-Curve

you revise a schedule with time, you get the % completion of each task. This information
generate an Actual S-curve. Its use is preferred with baseline S-curve and target S-
which make it easier for you to get the exact information and then take action
I as per requirement. This actual S-curve, at the completion of the project, meets
curve to indicate that you have achieved the target set by you. [’]

get S-Curve

¢ is used where you want to compare your actual progress of the project with that
u have revised over time, different from baseline schedule. It gives a real picture

ve your target by keeping in mind the constraints. [%]

ue and Percentage S-Curve
rve is helpful when you want to know how much man hours have been used so far

nuch cost has been incurred, and how much still need to be invested. This is done by

urve indicated the percentage of actual work been done against baseline S-curve

tages of S-Curves

it easy for us to track and monitor the project progress at any given time. As a
can identify where you need to mobilize more resources and where you are
€ costs. Similarly, the areas which are less important and can be completed later are

sors due to limited availability of resources. It helps you to identify, where your
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1s are incurring and hence you strive for their origin and ultimate solution to control

scope and schedule. %]
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CONCLUSION/ FUTURE RECOMMENDATION

Conclusion

through this CBT (Computer Based Training) Course, Primavera P6 and then
nenting this on a real time Project, [ have no doubts in saying this that Primavera P6 is a
especially for Projectized organizations. It provides a platform where you can
¢ many Projects going in your organization. It helped in letting us know that we are
as per planned Schedule, Cost and Scope after defined interval. In case of deviation from
e, P6 showed us the status and eventually we assigned some extra resources to overcome
aint. Primavera P6 assisted in providing a better visualization over Project Planning,
ling and Earned value Analysis. This Software made it easy for us to access information,
ing reports and monitoring Project in a better way. Making forecasting through this
| was much easy and efficient. In the end, S-curves was generated for different time
| aced in Clause 9.3 of this Report), which provides a giant picture of project, where

ding and how much we are focusing on schedule.

mmendations

e tool is recommended for Projectized Organizations, to see over many projects
S for all ongoing projects. Implementing this in your organization through PMO,
e successful planning, monitoring, controlling and in the end, a safe handover of the
ient. Being a Project manager, you can better visualize the status of your project
d accordingly mobilize your resources. Being a team member, you can have the
ation all the time and thus as a project manager you can assign respective tasks

urces. Moreover, privacy option enhances the capability of this tool in a better
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- RESEARCH PAPERS

‘ Project Monitoring and Control using Primavera

fract: Project monitoring and control is the process of collecting, recording, and reporting
mation concerning project performance. Project controlling uses the data from monitor
ity to bring actual performance to planned performance. The present study deals with the
¢t monitoring process of “Standard Design Factory”, a four storeyed (G+3) factory
fing whose construction is in progress at Cochin, Kerala. A comparison between the
progress of construction work and actual progress is performed in this study using
¢t management software Primavera P6. Despite well-established principles and policies
oject monitoring the process itself may not be efficiently accomplished in a project,
ise of those practical problems existing or arising in the project such an attempt in
zing the practical problems in implementation of project monitoring and control will
ute to proper recognition of the problem areas and putting in place the control process

y the deviations. [1¢]

2 An Analysis on Resource Planning, Cost Estimation and Tracking of Project by

- Earned Value Management

tract: Construction industry is the second largest sector in India. Many construction
es suffer from time and cost overruns due to a multiplicity of factors. Earned value
ment (EVM) is a project performance evaluation which has been adapted for
ation in project management. This technique helps in comparison of budgeted cost of
toactual cost. The present study deals with the scheduling and project monitoring process
;;f with it also discusses main parameter’s involving in the calculation of earned value
SIS In cost and time management of civil construction project. Methodologies and analysis
".onstrated in this paper using an example of real time project. Primavera P6 software is

i pioject planning and EVM calculations. [7]

anning and Scheduling of High Rise Building Using Primavera

ough the long-introduced Industrialized Building System (IBS) has promised to

nprove the current construction method and scenario in our country, but the IBS
t gained enough popularity. One of the reasons is due to lack of research works

ifying the benefit of IBS especially in construction time saving. In lieu with such

study conducted to quantify evidence of time saving in IBS application. The
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lementation of Primavera P6 on Dasu Hydropower Transmission Line Project

‘odology adopted for this study is by modelling the construction process for high-rise
ential building for both conventional and IBS with shared more a less the same nature and
¢ of the structure. The model was developed using Primavera (P3) project planning software.
> comparison was made by comparing selective building components for both method of
struction. Different high-rise residential projects have been selected for this study. The
[t of the study clearly indicated that sufficient time saving can be archived. Also from this
y shown not all IBS components can improved to the overall construction duration,
ever by adopting IBS components can improve and expedite the construction of 18 stories

dential building from the point of departure of the project throughout of the whole of
ect‘s with a total 405 days or 42% the time saving. 8!
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act: Project monitoring and control is the process of collecting, recording, and reporting information concerning
performance. Project controlling uses the data from monitor activity to bring actual performance to planned
e. The present study deals with the project monitoring process of “Standard Design Factory”, a four storeyed
ory building whose construction is in progress at Cochin, Kerala. A comparison between the planned progress of
n work and actual progress is performed in this study using project management software Primavera P6. Despite
tablished principles and policies of project monitoring the process itself may not be efficiently accomplished in a
, because of those practical problems existing or arising in the projectSuch an attempt in realizing the practical
s in implementation of project monitoring and control will contribute to proper recognition of the problem areas
fting in place the control process to rectify the deviations.

I. INTRODUCTION

iction industry is an integral component of a nation’s infrastructure and industrial growth.Even though construction
yis the second largest industry in India, the growth of this industry has been differential across the nation. The rural
sneed tools for economic development, land use and environment planning to cope with the status of development in
weas. The time available to achieve this goal is shrinking. Here arises the need for effective project
ment.Many issues are being faced by construction industry that must be taken care of. Theyinclude time and cost
s due to inadequate project formulation, poor planning for implementation, lack of proper contract planning and
ment and lack of proper management during execution. Tt has been estimated by analysts that average cost of a
es up by 30 percentage compared to the budgeted cost. Observations show that proper skilful management is
¢ for the timely completion of the project within estimated budget and with allocated resources. Projects with
ning, adequate organizational machinery and sufficient flow of resources cannot automatically achieve the desired
fhere must be some warning mechanism, which can alert the organization about its possible success and failures, off
Project monitoring is the process of collecting, recording, and reporting information concerning project
nce that project manager and others wish to know. Monitoring involves watching the progress of the project
. resources and performance schedule during execution of the project and identifying lagging areas requiring
tion and action whereas project controlling uses data from monitor activity to bring actual performance to

nobjectives of this study are
To suggest the importance and purpose of monitoring the construction work.
To suggest guidelines to contractors for updating the project.
To present an ideal schedule for the factory construction process.
Tosuggest a layout for updating the schedule.

ed value analysis and tracking for the Standard design factory construction work.
is mainly done using Primavera P6, project management software. All activities and their sequence of
 duration, resources required and costs involved are studied. The organizational breakdown structure of
and work breakdown structure of the project are noted. Tacking of the completed activities and earned value
one. This gives an idea about the resources involved and financial aspect of the completed work.“Project
et is the application of knowledge, skills, tools and techniques to project activities to meet the project
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ents” (PMBOK, 2008). K KChithkara (1998) has defined project management as an art and science of mobilizing
ing people, materials, equipment and money to complete the assigned project work on time within budgeted
pecified technical performance standards.Mainly project management process comprises five process groups
2008). They are initiating, planning, executing, monitoring and controlling, andclosing. Monitor and control of
s the process of tracking, reviewing and regulating the progress to meet the performance objectives defined in
gement plan. Monitoring is an aspect of project management performed throughout the project. It includes
easuring, and distributing performance information, and assessing measurements and trends to affect process
ents (PMBOK, 2008).

IDY:STANDARD DESIGN FACTORY PROJECT

ign factory is one of the leading projects undertaken by Kerala contracting company in Cochin. It involves
of factory buildings of a typical design (plan) at various locations spread across Kerala. Total contract value
al work project is 7crores with total built up area 5472 sq.m. Construction of G+3 (four storied) RCC framed
b be used as Standard design factory at Cochin is expected to complete within 21 months.

TABLE I. CASE STUDY DETAILS

Owner Kerala Industrial Infrastructure
Development Corporation, Trivandrum
Project Construction of Standard design factory

building - civil and structural work, Small
industries park, Cochin

Location The proposed site is located at Small
industries park, Cochin.

Nearest Cochin

airport

Rainfall a) Annual rainfall - 300 cm/ year

details b) Maximum intensity - 90 mm/day

¢) Period of rainfall during the year -
June to October

olved in factory construction work apart from initial planning are

beam concreting

projects have become so vast and complex that the application of information technology has become
1panies started developing softwares for project management such as Primavera P6, P3, Suretrack, Microsoft

olves monitoring and controlling the project using Primavera P6. The progress at site must be incorporated in
chedule and updated. These updates needs to be thoroughly monitored using Primavera. Tools and
jed in this process are:

ue management (EVM)

gement is a commonly used method ofperformance measurement. It integrates scope, cost, and schedule
the project management team assess and measure project performance and progress. This technique
on of an integrated baseline against which performance is measured for the duration of the project. This
one in Primavera.
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performance baseline

performance baseline is used to measure, monitor, and control overall cost performance on the project.

tk performance measurements

ated cost variance, schedule variance, CPI, values for WBS components, in particular the work packages and
ounts, needs to be documented and communicated to stakeholders.

in monitoring and control of SDF project are

ng an ideal schedule

edule for any project, first step is to collect data available for the project. Subsequently the following steps
d in Primavera.

rise project structure (EPS)

cture of the company with its branches, which is executing the project. This is known as Enterprise project

).

izational breakdown structure (OBS)
OBS is created which is a hierarchy that reflects the persons responsible for the projects in the enterprise.
Ing new projects
set of activities and associated information that constitutes a plan for creating a product or service. The
under the respective divisions in EPS and assigned the person in charge from OBS to it. The project can
nned start and must finish dates. The project is assigned a calendar which can be global, resource or project
itk breakdown structure (WBS)
archy of work that must be accomplished to complete a project. Each project has its own WBS hierarchy with
S element being equal to that of each EPS node or project. Each WBS element may contain more detailed
activities, or both.
g activities
e fundamental work elements of a project and form the lowest level of a WBS and, are the smallest
project. An activity has the following characteristics like activity ID, name, start and finish dates, activity
type, activity codes, constraints, expenses, predecessor and successor relationships, resources, roles etc.
nship between activities
ik, the activities should be connected to each other, which is done by assigning preceding and succeeding
gnificant relationship to the activities.
1o start (FS) relationship.
0 finish (FF) relationship.
start (SS) relationship.
to finish (SF) relationship.
ing activity duration
e work, the duration is entered in the original duration field. The actual duration can only be entered for

e sum of all the cost incurred to complete the activity.

elines

> plan is a complete copyof the original schedule which provides a target against which a project’s
cked.

hedule

roject is progressing exactly as planned, then only needed to estimate progress.

oject is not progressing as planned many activities are starting out-of-sequence, actual resource use is
ing planned use, and then update should be done for activities and resources individually.

rojects contain some activities that progress as planned and some which do not. In this case, the best
is to combine the two updating methods.
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s
dow is used for monitoring a project’s progress using different types of layoutssuch as labour costs, project
ice forecasting, resource allocation unit wise and cost wise.

1ed value
is a technique for measuring project performance according to both project cost and schedule. The technique

Ids consist of parameters assigned to WBS elements; they are used to monitor projects and generate issues
ect issues

are the problems within a schedule that must be addressed before the project can be completed. They can
ated by thresholds or manually.

ps to be done in updating

ect. Maintain baseline. Then add and save a copy of current project as a new baseline B1. Then choose project
and assign primary baseline as B1.

0 be made:

te and end date

ity to be updated. Then in the activity details window, select status tab. Then tick mark started if the
n started and select the date. Tick mark finished if the activity has been finished and select the finish date.

ils window, select resource tab. Then select the resources which are to be added to the particular activity

 window, select code tab. Then select the activity code for each resource.
k
window, select notebook tab. Select the topic which we want to note and write the details in notebook

ails window, select szeps tab. Then if the activity has any steps update the activity in percentage complete and
<if the activity has been completed.

k

:window, select feedback tab. Then the details for the resources have to be mentioned in feedback.
roducts and documents (WPs & Docs)
 window, select the WPs & Docs tab. Then the drawings, documents, specifications have to be uploaded

hoose project issues. The values which fall outside the threshold values are indicated in the issues.
to add issues if there are any.

choose the data date which we want to update the progress. All the activities done in that week has to
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sis and forecasting

riance (SV)
whether a project is behind or ahead of the schedule. It is calculated by subtracting planned value from the

Schedule variance = Earned value (EV) -Planned value (PV)
le Variance can be expressed as a percentage by dividing the schedule variance (SV) by the planned value (PV):
: SV% =SV /PV

ormance index (SPI)
iency with which the project team is using its time.
Schedule performance index = Earned value / Planned value

e at completion {EAC(t)}

arough estimate of when project will be completed

: Estimate at complete {EAC(t)} = (BAC/SPI)/ (BAC/months)
at completion

s and forecasting

V)

er a project is under or over budget.

b Cost variance (CV) = Earned value (EV) - Actual cost (AC)

 be expressed as a percentage by dividing the cost variance (CV) by the earned value (EV).
[ CV%=CV/EV ‘

index (CPT)
est indicators of the cumulative cost efficiency of the project.
Cost performance index (CPI) = Earned value (EV) / Actual cost (AC)

II1. RESULTS AND DISCUSSIONS
ss in_factory project
eam including project manager, planning manager, construction manager, quality and safety incharges
r all the activities. .
Standard design factory
Bl was created in Primavera for the SDF case study. The work breakdown structure, activities and steps
ing discussed here. The structure for the baseline is presented from the WBS levels. In WBS a level may
Activities come under the WBS.

¢ of the gantt chart should be weekly basis.
ps should be clearly given in the gantt chart.
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Fig.1 Gantt chart window

ur is given in the afternoon.

'WBS layout

adsheet and resource usage spreadsheet
heets reflect the usage of resources and progress of activities at any stage of the construction project. This

T b
ty usage spreadsheet

i ‘ LR L
Fig. 3 Resource usage spreadsheet window
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2 profile and resource usage profile
phical representation of cumulative values activity usage and resource usage at any stage of the construction
§is based on classic WBS layout.

Sley
| i [ el

B kb

[t

i b EERE i B
Fig.4 Activity usage profile window
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Fig. 5 Resource usage profile window

e guidelines from literature review and methodology described, it was possible to monitor the progress of SDF
0 project. Till now we have gone through step by step procedure followed in monitoring the project using
P6. The numerical results obtained after following the previously mentioned methodology is discussed in the
sections.

hedule with key dates

s being created using the key dates of the activities. The baseline project start date is on 15th March 2011 and
foject finish date is on 20th August 2012. The actual start of project was on 15™ March 2011. Tt shows that the
tof project was as per baseline schedule. After knowing the dates of all key activities, all the constituent activities
sequentially and logically to form a schedule. This schedule shows a slow and ever increasing gap between
dule and actual work progress. The actual progress started shifting from planned schedule, from the second
obilisation of resources itself.
2 assignments and usage

assignment window shows all the resource assignments, grouped by resource for the project. An approximate

was done to arrive at rates of individual resource groups, considering the various component resources. Most
ources are taken as material. Machines are taken as non—labour and human involvement is listed as labour.
irce usage profile obtained using Primavera P6 shows that there has been a slight variation in the quantity of each
used during the project life cycle.
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]
3

fthe Standard design factory project
ject is very important in mega projects. While updating the schedule time to time, it was reviewed and the
ion of resources and the budgeted cost is estimated. All the associated resources of a project are tracked and

aleulation
gter which is checked in the threshold is start day variance and finish day variance for the started activities.
calculation of the factory project shows that 88 activities show start date variance and 88 activities show finish
All these thresholds which fall outside are reported as issues. Hence 88 issues are identified for finish date
8 issues are identified for start date variance.

reasons were observed during this thesis work, which can be held responsible for delays;

of knowledge about advanced tracking methods and softwares.

iently skilled staff.

cof proper fund flow throughout the project progress

t portion of labour force was from West Bengal and Orissa. Regional festivals in these areas cause sudden
js in work progress.

ough delay due to monsoon rain was already accounted in the baseline schedule, unexpected extension of
n caused further delay in project progress.

navailability due to legal restrictions.

¢ delivery of resources.

evised project schedule with baseline using claim digger
ect is compared with the baseline of the project. The output of Claim digger shows that 43 WBS have been
BS have been deleted from the project.

lysis
e of the work has been calculated after including the actual cost of each activity inclusive of expenditures.

ils were obtained from calculations using data obtained from Primavera P6

TABLE II. RESULTS OBTAINED FROM PRIMAVERA

Project budget (BAC) Rs. 6,07,81,495
Planned value (PV) Rs. 4,79,17,756
Earned value (EV) Rs. 4,26,24,087
Actual cost (AC) Rs. 4,05,63,038
Schedule variance (SV) =EV-PV_ | Rs. 52,93,669
SV % = SV/PV -11.05 %
Schedule performance index (SPI) | 0.89

=EV/PV

Total duration 21 months

Estimate at Complete {EAC(t)}= | 23.6 months
(BAC/SPI)/(BAC/months)

Cost variance (CV) =EV- AC 20,61,048

CV % =CV/EV 4.84 %

Cost performance index (CPI) = | 1.05

EV/AC

Estimate to complete Rs.1.82 crores
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i
al representation of financial cash flow of a project. It is derived from activity usage profile, and it shows an ‘S’
er at the beginning and end and steeper in the middle. This shows that costs involved in the project is low in
s well as in the end, whereas it increases at a rapid rate when the project is in its middle stage.
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‘ IV. CONCLUSIONS

jective of this study was to understand the role of monitoring and control in the progress and timely completion
on project. This objective was achieved through revision of literatures and methodologies involved in
control. The case study proved to be a guideline in understanding the progress of Standard design factory
otk and also to identify the specific problems arising during the process. Results of this study show the
he present project management system in SDF project and the importance efficient planning, monitoring and
as well as the need and effectiveness of a project management software like Primavera P6 in a construction

the results obtained from the case study lead to following conclusions.

rogress is 51.73% of the total work after consuming 62.48% of the total estimated project duration.

oject has a negative value for schedule variance (SV) which means that the project is behind schedule.

ule variance percentage is -11.05% therefore the project is 11.05 percent behind schedule.

0f 0.89 would tell us that the project is only progressing at 89 % of the rate originally planned.

inally estimated completion time for the project was 21 months, so the project manager now knows that if
ontinues at the current rate the project will take 2.6 months longer than originally planned as time estimate
etion is 23.6 months.

ect has a favourable cost variance of 20,61,048. A positive value of CV means that the project is over

lance percentage is 4.84% therefore the project is 4.84 % below budget for the work performed till 31°

012, excluding penalties applicable due to delays.

f 1.05 would tell us that the project is currently running within budget.

to complete shows that Rs.1.82 crores is the expected cost required to finish all the remaining work.

n finish date variances and 88 issues in start date variances are reported when the finish date variance

and start date variance thresholds are monitored.

jarison of revised project schedule with baseline of shows that 41 WBS have been added and 43 WBS have
eted.

nbe concluded that

¢y in implementation of monitoring policies has been observed.
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mavera 6 proves to be an efficient tool in monitoring and controlling any construction project as the time and
0rt in updating is reduced drastically by this specific layout.
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- LINTRODUCTION

n industry is important at both global and
It provides huge employment to the people
ignificant role in country economy. Project
. common problem in construction industry.
ns due to time and cost result in delays during
. In developing countries project overrun is
where implementation of project faces
es. It result in wastage of scare financial
n providing facilities, development and
truction costlier [4]. EVM is the process of
riormance of project work against a baseline
lication helps in providing performances
evaluation of progress report project and it
trol device to take care of time and cost
onsibility defined Organization Breakdown
). It provides better performance picture of
es better forecast of the final completion
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t incurred in a project. The focus was on
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s and it also examines actual
. With help of EVM, project managers get
fo have deep intuitive understanding into
s. So that with help of clearer picture of
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plans based on actual cost, schedule and technical progress
of work [1, 9].

II. RESOURCE PLANNING
In planning resource requirement the following points to
be considered:

a) The total resource requirements for a project over
its duration.

b) Minimum delay in completion of the project when
insufficient resources are available.

¢) Most efficient utilization of resources to carry out

the project in a fixed time.

Resource planning is the process of making sure
resources are available as required to execute the project
according to schedule. Two types of resource planning
problems exist while preparing schedule. In one, the project
faces a scarcity of resources and the activities on network
must be arranged in such a way that the requirement of
resources does not exceed availability. In case such an
arrangement is not feasible, the one which gives the
minimum additional requirement of resources is chosen.
The resources are allocated among competing activities in
the order of importance. In other type of resource planning
problem the scarcity condition is relaxed and what is needed
is to level up the highly fluctuating demand for resources at
different times, primarily to facilitate project supervision
and enhance efficiency.

II. COST ESTIMATION

Cost estimating is the process of calculating the cost of
the identified resources needed to complete the project
work. One doing estimating must consider the possible
fluctuations, conditions and other causes of variances that
could affect the total cost the estimation. There is distinct
difference between cost estimating and pricing. A cost
estimate is the cost of the resource required to complete the
project work. Pricing however includes a profit margin.
During the actual execution of the construction, detailed
analysis of costs are required to be made. The cost estimates
prepared during the design stage may not be sufficient or
applicable during the execution stage. During the execution
stage, the control estimation system serves two useful
purposes.
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document, Bill of Quantities and abstract sheets provides
necessary data for project cost and scheduling activities.
Total area is 7881 sq.ft. The work should be completed
within 160 working days. The project was schedule from
27" January 2014 to 10" July 2014 and four sets of tracking
are done at different intervals and final tracking was till 30™
June 2014. The main objective of study is to understand the
role of EVM for monitoring and control in progress and
timely completion of construction project goals are
achieved through literature review and methodology
involved in Earned Value Management.

VI. METHODOLOGY AND ANALYSIS OF EVM

The construction projects are so vast and complex in
nature and therefore for simplification of work, use of
software’s came into existence. The project was scheduled
and monitored using Primavera P6 software. Primavera is
the Project Management software use for Planning,
Scheduling and Controlling the Construction Project. The
steps involved in Duplex Apartment are as follows:
Brickwork, Plastering, Flooring, Cabinetry, False Ceiling
and Terrace works. The WBS for the project is created and
several activities are identified. The durations of the
activities are estimated on basis of Historical data,
interviews with project manager, applying labour
productivity factor formulae and application of analysis of
rates. The relationships are examined and applied to the
activities. The following procedure involved in scheduling
and monitoring projects.

Table 1 PROCEDURE IN PRIMAVERA

—

Create Project

Define WBS

Creating Calendars

Define Activities

Appoint Activity Durations

Assign Logic Links

Perform Scheduling

Allocating Resources/Budgeting

O ||| N |Wn| b |w]N

Creating Baselines

—
o

Updating schedule

—
—

Earned Value Analysis

—
[\

Publishing Reports
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SCHEDULE ANALYSIS: Earned value is a technique
for measuring project performance according to project cost
and schedule. The comparison between budgeted and actual
performance is performed. There are three earned value
parameters as shown below.
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Value (PV): It is the cost of the project SPI = Earned Value / Planned Value
the schedule of the project. It is also called
stof Work Schedule (BCWS). SPI = | means Project is on Schedule

Julue (EV): Tt is the Budgeted Cost of the Work ~ SPI < 1 means Project is behind Schedule
WP) till date. It is cumulative budgeted cost

activities that have been completed on the due ~ SPI> 1 means Project is ahead of Schedule

st (AC): 1t is the actual cost that has spent on Cost Performance Index (CPI):

date. Tt is also called as actual Cost of Work . .
CPI can be used estimate the project cost to complete the

project based on performance to date. It is calculated as

he path of original schedule. It is also used to follows,
nt and cause for the delays of works or tasks
ollowing re two variances:

ces (CV): Tt is used to check the difference
posed planned project and present project
date. It shows the variation of project in
The formula used for calculating cost

CPI = Earned Value / Actual Cost
CPI = 1 means Planned and Actual cost are same
CPI < 1 means Project is under Budget

B i Value — Actual Cost CPI > 1 means Project is over Budget

Estimate at Completion (EAC): The Estimate at
Completion is the actual cost to date plus an objective
estimate of costs for remaining authorized work. The most
common is

iance (SV): It is used to examine the
present project in from the planned project. If
ange appears than the project objectives
. The formula for calculating the schedule

EAC = Actual cost + Estimate to Complete

ariance = Earned Value — Planned Value

erformance Index (SPI): SPI can be used to
ected time to complete the project. It is

Cost.
| mEstimate At Compietion
Re130144 1 piidgeted Cabor

' B ActuaiLabor

4 [ Remaining Labor

H Planned Value

5 Earned Valug.

Fig. 1: EVM Parameters, Gantt chart view and S-curve in Primavera
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Fig. 2: Tracking process in Primavera
VIIL. RESULTS

Table 2 RESULTS OBTAINED FROM PRIMAVERA P6

Tracking 1

Tracking 2

Tracking 3

Tracking 4

Rs. 80,12,225

Rs. 80,12,225

Rs. 80,12,225

Rs. 80,12,225

Rs. 7,02,334

Rs. 27,68,881

Rs. 61,94,005

Rs. 77,29,472

Rs. 7,02,334

Rs. 25,54,523

Rs. 56,13,448

Rs. 68,17,173

Rs. 7,02,334 Rs. 28,15,802 Rs. 64,51,565 Rs. 80,36,983
1 0.92 0.90 0.88
0 Rs.-2,14,358 Rs. -5,80,557 Rs.-9,12,299
1 0.90 0.87 0.84
0 Rs.-2,61,279 Rs.—-8,38,117 Rs. -12,19,810

Rs. 80,12,225

Rs. 82,73,504

Rs. 88,50,342

Rs. 92,32,035

8.71%

34.5%

717.3%

96.4%

8.77%

32%

70%

85%
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Table 3 CUMULATIVE COST AFTER TRACKING 4 FROM PRIMAVERA P6

1JAN 2014 1 FEB 2014 | 1 MAR 2014 1 APR 2014 1 MAY 2014 1 JUN 2014 1 JUL 2014
Rs. 33,428 Rs. 4,97,046 | Rs. 4,33,150 Rs.18,05,257 Rs. 34,25,124 | Rs. 15,35,467 Rs. 2,82,753
Rs. 33,428 Rs. 530,474 | Rs.9,63,624 | Rs.27,68,881 | Rs.61,94,005 | Rs.77,29,472 | Rs.80,12,225
Rs. 33,428 Rs. 497,046 | Rs. 3,34,898 Rs. 16,89,151 Rs. 30,58,925 | Rs. 12,03,725 -
Rs. 33,428 Rs. 5,30,474 | Rs. 8,65,372 Rs. 25,54,523 | Rs. 56,13,448 | Rs. 68,17,173 2
Rs. 33,428 Rs. 4,97,046 Rs.3,89,548 Rs. 18,95,780 | Rs.36,35,763 | Rs. 15,85,418 -
Rs. 33,428 Rs. 5,30,474 | Rs.9,20,022 | Rs.28,15,802 | Rs.64,51,565 | Rs. 80,36,983 -
EVM
Rs. 9,000,000
I Rs. 8,000,000
0 - Rs. 7,000,000
; - Rs. 6,000,000
- Rs. 5,000,000
! I Rs. 4,000,000
I Rs. 3,000,000
I Rs. 2,000,000
0 - - Rs. 1,000,000
0 - - Rs. O
1-Jan-14 1-Feb-14 1-Mar-14 1-Apr-14 1-May-14 1-Jun-14 1-Jul-14
Time
Fig. 3: Earned Value Analysis Graph after First Tracking
Rs. 4,000,000 e Rs. 9,000,000
o000 B I Rs. 8,000,000
5. 3,000,000 / I Rs. 7,000,000
! I Rs. 6,000,000
2,500,000
) - Rs. 5,000,000
000,000
- Rs. 4,000,000
1,500,000
- Rs. 3,000,000
gR.000 - Rs. 2,000,000
Rs. 500,000 Rs. 1,000,000
4 jEston - ——— sz . Rs. O
1-Jan-14 1-Feb-14 1-Mar-14 1-Apr-14 1-May-14 1-Jun-14 1-Jul-14
Time

Fig. 4: Earned Value Analysis Graph after Second Tracking
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Rs. 4,000,000

EVM

Rs. 9,000,000

S - Rs. 8,000,000

Rs.3,500,000

F Rs. 7,000,000

s. 3,000,000
i

~ Rs. 6,000,000

s 2,500,000

- Rs. 5,000,000

5.2,000,000

5.1,500,000

1,000,000

Rs. 500,000

Rs.0 - =

1-Jan-14 1-Feb-14 1-Mar-14

1-Apr-14

Time

L Rs. 4,000,000

- Rs. 3,000,000

- Rs. 2,000,000

- Rs. 1,000,000

. Rs. O

1-Jul-14

1-May-14 1-Jun-14

Fig. 5: Earned Value Analysis Graph after Third Tracking

Rs. 9,000,000

Rs. 8,000,000

Rs. 7,000,000

- Rs. 6,000,000

T

Rs. 5,000,000

1-Feb-14 1-Mar-14

1; s Planned Value Cost
Planned Cumulative

1-Apr-14
Time

mmmmm Earned Value Cost

——— Earned Cumulative

I Rs. 4,000,000

Rs. 3,000,000

T

Rs. 2,000,000

Rs. 1,000,000

1-Jul-14

Rs. O

1-May-14 1-Jun-14

msmm=s Actual Total Cost
Actual Cumulative

. CONCLUSION
S important information for project work

aking.
project is demonstrated by SPI is 0.88
than 1 hence project performed less
qunning at about 88% of the planned

of the project is Rs. — 9, 12,299 the
mines that project is lagging behind
cl

e project efficiency of project
est case scenario, it must be equal to 1
er for current project is 0.84, this
has low cost efficiency as compared

47

Fig. 6: Earned Value Analysis Graph after Fourth Tracking

» Cost Variance of the project is Rs. — 12, 19,810 the
negative value which depicts an unfavorable scenario.
The project is over budget by 16% of overall cost.

» The study shows important, implementation and unique
features of EVM that benefits project managers and
ultimately results in project success.

The key point here is that Earned Value Analysis enables
you to spot a potential problem early in the project and do
something to correct the situation. Earned Value
Management is a remarkable method of project
management because it integrates cost, schedule and scope
and can be used to forecast future performances and project
completion dates. It allows projects to be managed better on
time and in budget.
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{, RECOMMENDATION for FUTURE

3 RESEARCH

esearch in general will include probably new
e EVM methodology to take into account issues
ysis or Quality and technical performance for
project control. Implementation of EVM creates
L work where it is difficult to integration of
planning, scheduling, budgeting, work
and cost accumulation processes with each
e project management constrains likely to
projects. So future research should be aimed
extra work.
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RACT

1 42% the time saving.

he long-introduced Industrialized Building System (IBS) has promised to solve and improve the
struction method and scenario in our country, but the IBS method has not gained enough popularity.
e reasons is due to lack of research works done to quantifying the benefit of IBS especially in
n time saving. In lieu with such scenario, this study conducted to quantify evidence of time saving in
ation. The methodology adopted for this study is by modelling the construction process for high-rise
building for both conventional and IBS with shared more a less the same nature and size of the
e. The model was developed using Primavera (P3) project planning software. The comparison was made
aring selective building components for both method of construction. Different high-rise residential
ve been selected for this study. The result of the study clearly indicated that sufficient time saving can
d. Also from this study shown not all IBS components can improved to the overall construction
0, however by adopting IBS components can improve and expedite the construction of 18 stories
al building from the point of departure of the project throughout of the whole of project’s with a total

[. INTRODUCTION

fo an increasingly competitive environment,
companies are forced to be more
and achieve competitive operational
. Companies are always looking for
nents in equipment features, communication
nt management techniques, and training
urces. Construction companies are also
eir focus, becoming specialists in certain
construction projects. This specialization
‘more focused project planning and
g techniques that prove to be better for
of projects while providing specialized
services. The benefits of effective
cheduling and control of construction
reduced construction time, reduced cost
| the minimization of disputes.

efits accrue to the contractors, owners,
d workers in the form of improvements in
, quality and resource utilization. (Mattila
m, 1998) been applied to highway type
projects by the transportation
most states. The ability of CPM to
f projects raises questions (Selinger,
990; and Russell and Wong, 1993).
ance (LOB) and its variations are
earch for a better solution for highway
S, such as tunnel construction, high rise

com

RDS: Planning, Scheduling, High Rise Building, Primavera

building, pipe line projects, and even utility projects.
Some researchers declare that LOB software is ready
for commercial usage (Arditi, Sikangwan, and
Tokdemir, 2002).

However utility projects have their own features.
The application of LOB and Linear scheduling
techniques in utility projects are questioned by
industrial professionals. For the underground utility
project, the layouts of several utility lines are
diverged. But on some locations, these utility lines
intersect with each other, one over another. The
construction of each utility line must be sequenced in
this situation to avoid workspace conflicts, or lines
with higher elevation are constructed ahead of the
ones with lower elevation, and to provide work
continuity for crews or resources.

This study will focus on the comparison of
construction scheduling technique application in
utility projects, such as Gantt chart, CPM, and LOB,
and indicate advantages and disadvantages of each
technique. It develops the modified LOB method
which uses a group of linear equations to identify the
construction interference locations of utility lines,
estimate the interference time based on the historical
production rate, and adjust the construction schedule
to satisfy the construction constraints. It helps to
avoid the construction interruption, keep the
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ity of crew work, and avoid the delay of
ruction and cost overruns.

CURRENT SCHEDULING METHODS IN
RUCTION INDUSTRY
the most common scheduling method used in
struction industry is the Gantt chart (Bar
it) and Critical Path Method (CPM). Gantt chart
' chart) has gained wide acceptance and
larity because of its simplicity and ease of
tion and understanding. No “theory” or
ated calculations are involved. CPM network
show logic dependencies of activities, and
nate and predict the completion date of the
ect based on mathematical calculations. But both
hart and CPM are unable to accurately model
tepetitive nature of linear construction. This
the inability of CPM to provide work
wity for crews or resources, to plan the large
I of activities necessary to represent a
e or linear project (Harris, 1996), and the
y of Gantt chart (Bar chart) and CPM to
 rates of progress, and to accurately reflect
onditions. (Mattila and Abraham,1998). The
lence of this is that there have been many
0 find an effective scheduling technique for
onstruction. These include, but not limited to,
of Balance (LOB), the vertical production
(VPM), the linear scheduling method, the
project modeling (RPM), the linear
model (LSM), and the repetitive
g method (RSM). (Mattila  and
1998). All of these concepts and methods
variations of LOB, which is originally
ed in the manufacturing industry. This section
the popular scheduling methods in
on industry, such as Gantt chart and CPM,
ent application of LOB and its variations,
ates the inability of LOB in solving the
interferences of two or more utility

NIT CHART SCHEDULING METHOD

ar chart was originally developed by Henry
1917 and is called a Gantt chart. A bar
aphic representation of project activities
hown in a time-scaled bar line with no
Wi between activities” (Popescu and
, 1995). It quickly became popular in
industry because of its ability to
y represent a project’s activities on a time
ar chart has become a vehicle for
‘many pieces of a project’s information.
must be broken into smaller, usually
s components, each of which is called an
[ task. Bar charts basically use the x-axis to
me, and the y-axis is used to represent
activities. (Fig.1.1& Fig.1.2)

a.com

Prepare Site - , ! g
Vapor Bartier . F
Welded Wire Fabric -
Pour Concrete

Finish Top

Strip Forms j

10 11 Hours

Figurel.1Bar Chart for Placing a Slab on a Grade
(Mubarak, 2003)

2 4 & 3

| 0y o Omce st ot o
g g (=
S g e g

Figurel.2Bar Chart

1.3 Advantage of Bar Chart
Bar charts have gained wide acceptance and

popularity mainly because of their simplicity of and
ease of preparation and understanding. No “theory”
or complicated calculations are involved. Anyone can
understand them. Bar charts particularly appeal to
persons who do not have a technical background. For
example, some clients and upper-level managers may
better understand the plan for carrying out a
construction project by looking at a bar chart than by
looking at a schematic of logic network. The advent
of the critical path method (CPM) and the evolution
of powerful computers, bar chart did not perish or
lose importance. Instead, they evolved to a different
supporting role that made them more valuable and
popular. (Mubarak, 2003). The advantage of bar chart
can be concluded as:

o Bar charts are time scaled, the length of the
activity bar represents the time duration of the
activity). Both the node, in the node networks,
and the arrow, in the arrow networks, are not
time-scaled.

Bar chart are simple to prepare

e  Bar chart are easy to understand

f 135 ‘] Pa ge



ibramani et al Int. Journal of Engineering Research and Applications
I:2248-9622, Vol. 4, Issue 6( Version 5), June 2014, pp.134-144

www.ijera.com

)
R

chart are acceptable for presentation,
specially for field people and people who are
infamiliar with the CPM

Bar charts can be loaded with more information,
such as cash-flow diagrams and man-hours.

fation

lhe main limitation of bar chart is lack of logical
sentation. Bar charts do not reveal the answers
relationship.  Although  some  software
ammers tried to depict logical relationships on
, the result was not always clear. The logic
uld get tangled, and unlike networks, bar
not allow the length of the bars to be
or moved around to make items clearer or
er. (Mubarak, 2003). While applying the bar
inear construction project, a huge diagram
epeat n times in scheduling linear and
project. And the bar chart is unable to
lie progress rate and actual location.

EIWORK SCHEDULING METHOD

ne of the major network scheduling methods
been used in the construction industry is
cal path method). This method involves
of a geometric representation of flow chart
picts the precedence between activities. The
| path method (CPM) is a duration-driven
e in which the basic inputs are project
their  durations, and dependence
hips. Activity durations are functions of the
srequired (rather than available) to complete
wity. The CPM formulation assumes that
e not restricted in any sense (Ammar and
in, 2002). The use of network techniques and
nstruction companies has reached a steady
the enthusiastic boom of the early 1960°s.
rogrammes eliminate the need to prepare
but the network notation provides an
nderstood output format for management
el. (Lutz and Hijazi,1993)

antages of Network Scheduling Method
comparing bar charts with networks, three
over bar charts(Mubarak, 2003):

tk show logic, the relationships among the
es. Bar charts do not

ks can better represent large and
cated projects.

tks can estimate, or predict, the
etion date of the project, or other dates, on
basis of mathematical calculations of the

f Network Scheduling Method

ng to bar charts, network scheduling is
caled. It requires practitioners to be trained
nd the CPM. From the authors’

:[d.Com

experiences, the presentation of CPM is not as
acceptable for field people as bar chart. And resource
information can not be loaded in CPM. Some
scheduling software vendors tried to take the
advantage of time-scaled feature of bar chart and
impose it on network which some persons called
time-scaled logic diagrams. On the other hand, there
is evidence that contractors do not use networks in
highly repetitive jobs because of their belief that high
repletion would reduce the chances of successful
scheduling and control by networks (Arditi and
Albulak, 1986).

For example, network method presents
complications in projects of repetitive nature such as
high rise Dbuilding construction. CPM-based
techniques have been criticized widely in the
literature for their inability to model repetitive
projects (Russell and Wong, 1993). The first problem
is the sheer size of the network. In a repetitive project
of n units, the network prepared for one unit has to be
repeated n times and linked to the others; this results
in a huge network that is difficult to manage.

This may cause difficulties in communication
among the members of the construction management
team. The second problem is that the CPM algorithm
is designed primarily for optimizing project duration
rather than dealing adequately with the special
resource constraints of repetitive projects. The CPM
algorithm has no capability that would ensure a
smooth procession of crews from unit to unit with no
conflict and no idle time for workers and equipment.
This leads to hiring and procurement problems in the
flow of labor and material during construction
(Arditi, Sikangwan, and Tokdemir, 2002).

A new format was developed for work of a
repetitive nature, such as work on floors in a high-
rise project, or work on sections in underground pipe
line or utility line project. In the pipe line or utility
line instance, the use of basic CPM was laborious;
the input for work on a typical section was
duplicative and tedious. Further, once the schedule
had reached the typical section, it was possible to
predict a result through basic arithmetic without the
use of a computer. This suggested that there were
ways of graphing the result other than network
presentation; this realization resulted in the
development of some methods for use in linear and
repetitive projects. Line of balance (LOB) method is
one of them using a unit network to portray repetitive
activities.(Fig.1.3)
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