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ABSTRACT

This study examines stakeholder perceptions regarding the implementation of Quality
Assurance (QA) and Quality Control (QC) practices in Asian Development Bank (ADB)-
funded Gas Insulated Substation (GIS) projects within Kathmandu Valley, Nepal. A
mixed-method, perception-based approach was adopted. Primary data were collected
through a structured questionnaire survey of 66 stakeholders, including client
representatives (NEA, n=12), consultants (n=20), and contractors (n=34). Data were
analyzed using descriptive statistics, Relative Importance Index (RII), and Pearson
correlation analysis. Stakeholders perceived QA/QC implementation as moderate to
good (mean scores 3.70—4.15). Field Quality Plan (FQP) implementation was strongest
(mean = 4.15, SD = 0.36), while Inspection and Test Plan (ITP) implementation was
weakest (mean = 3.70, SD = 0.93). A notable perception gap was observed: 67% of NEA
respondents disagreed that ITPs are followed, whereas all contractor respondents agreed.
RII analysis ranked weak monitoring and supervision (RII = 0.82) as the most critical
barrier, followed by lack of skilled QA/QC personnel (RII = 0.79), poor documentation
practices (RII = 0.76), and coordination gaps among stakeholders (RII = 0.74).
Correlation analysis revealed that stakeholders perceived the strongest relationship
between QA/QC implementation and rework reduction (r = -0.65, p = 0.005). Moderate
relationships were observed with construction progress (r = 0.58), cost overrun (r = -
0.60), and project delay (r = -0.55), though these were not statistically significant at the
95% confidence level. This study contributes to the limited body of perception-based
research on QA/QC implementation in ADB-funded GIS substation projects in Nepal.
The findings provide stakeholder-informed priorities for intervention, which can guide
ADB, NEA, consultants, and contractors in strengthening QA/QC practices in future

infrastructure projects.

Keywords: QA/QC, stakeholder perception, GIS substation, ADB projects, construction

quality, Kathmandu Valley, RII analysis, correlation analysis
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CHAPTER 1: INTRODUCTION

1.1 Background

The construction industry plays a vital role in the economic development of Nepal,
particularly in the expansion of power infrastructure. In recent years, Nepal has made
significant investments in high-voltage substations, including Gas Insulated Substations
(GIS), to meet increasing electricity demand and strengthen the transmission and
distribution network. GIS technology is preferred in urban areas like Kathmandu Valley

due to its compact design, reliability, and enhanced safety features.

International funding agencies, particularly the Asian Development Bank (ADB), have
been actively involved in financing and monitoring major power sector projects in Nepal.
ADB-funded projects are governed by strict guidelines, standards, and procedures to
ensure quality, sustainability, and accountability. These projects require the
implementation of robust Quality Assurance (QA) and Quality Control (QC) systems
throughout the project lifecycle—from design and procurement to construction and

commissioning.

Quality Assurance refers to the planned and systematic activities implemented to ensure
that quality requirements are fulfilled, while Quality Control involves the operational
techniques used to verify that constructed works meet specified standards. In GIS
substations—where precision, safety, and reliability are paramount—effective QA/QC
implementation is essential to prevent defects, minimize rework, and ensure long-term

performance.

However, the effectiveness of QA/QC systems depends not only on the existence of plans
and procedures but also on how they are perceived and implemented by the stakeholders
involved. Understanding stakeholder perspectives clients, consultants, and contractors
provides valuable insight into the practical realities of QA/QC implementation. This
study adopts a perception-based approach to examine how QA/QC measures are

implemented in ADB-funded GIS substations within Kathmandu Valley.



1.2 Problem Statement

The Nepal Electricity Authority (NEA), in partnership with the Asian Development Bank
(ADB), has invested substantially in GIS substation projects across Kathmandu Valley,
including Lapshiphedi, Changunarayan, Teku, Thimi, Chobhar, and Futung. These
projects are contractually required to follow defined QA/QC frameworks, including
Quality Assurance Plans (QAP), Field Quality Plans (FQP), and Inspection and Test
Plans (ITP).

Existing project documentation confirms that QA/QC plans are prepared and approved
for these substations. Contractors, consultants, and NEA officials are aware of the
required procedures. International standards (IEC, IEEE) and ADB guidelines provide

clear technical specifications.

Despite the presence of these frameworks, there is limited systematic documentation of
how stakeholders actually experience and perceive QA/QC implementation at the field

level. Questions remain about:

How consistently QA/QC procedures are applied across different activities and
sites

e What barriers stakeholders encounter when trying to follow approved plans

o How stakeholders perceive the relationship between QA/QC efforts and project

outcomes

Understanding stakeholder perceptions is valuable because QA/QC systems are
implemented by people site engineers, inspectors, supervisors, and managers. Their
experiences, challenges, and views influence how quality management functions in
practice. Without capturing these perspectives, it is difficult to identify where QA/QC

systems are working well and where they could be strengthened.

Previous studies in Nepal have examined technical aspects of GIS substations or general
construction quality. However, limited research has systematically captured stakeholder
perceptions of QA/QC implementation specifically in ADB-funded GIS projects within
Kathmandu Valley.



This research seeks to document and analyze stakeholder perceptions of QA/QC
implementation identifying what is working, what challenges are perceived, and what
opportunities for improvement exist from the viewpoint of those directly involved in

these projects.

1.3 Research Questions

e How do stakeholders perceive the current level of QA/QC implementation
(including Field Quality Plans) in ADB-funded GIS substations within
Kathmandu Valley?

e What do stakeholders identify as the major challenges and gaps affecting effective
QA/QC implementation at the field level?

e How do stakeholders perceive the relationship between QA/QC implementation

and project performance (rework, progress, cost, and schedule)?
1.4 Research Objectives

The main objective of this study is to analyze stakeholder perceptions of Quality
Assurance and Quality Control (QA/QC) implementation in ADB-funded GIS substation
projects within Kathmandu Valley.

The specific objectives are:

e To assess stakeholder perceptions of the current status of QA/QC implementation
(including Field Quality Plans) in ADB-funded GIS substations within
Kathmandu Valley.

e To identify and rank, from a stakeholder perspective, the major challenges
affecting QA/QC implementation at the field level.

e To evaluate stakeholder-perceived relationships between QA/QC implementation
and project performance indicators (rework, construction progress, cost overrun,

and project delay).

1.4 Significance of the Study

This study provides perception-based, empirical insights into the implementation of
Quality Assurance and Quality Control (QA/QC) measures in high-voltage Gas Insulated
Substation (GIS) projects funded by the Asian Development Bank (ADB) within
Kathmandu Valley. The findings are expected to be useful for multiple stakeholders. For
the Nepal Electricity Authority (NEA), the study offers a structured understanding of

3



how consultants, contractors, and internal staff perceive QA/QC practices, which can
inform future project monitoring and quality management systems. For the Asian
Development Bank (ADB) and other development partners, the perception-based
findings highlight areas where technical assistance or capacity building may be most
valuable for strengthening field-level QA/QC implementation. For consultants and
contractors directly involved in substation construction, the study identifies priority areas
based on stakeholder feedback for improving site-level quality practices, including
supervision, documentation, and coordination. Finally, for researchers and postgraduate
students, this study contributes to the limited body of literature on perception-based
quality assessment in the context of ADB-funded power infrastructure projects in
developing countries, serving as a reference for future studies in construction quality

management.

1.6 Study Scope and Limitations

Scope

The scope of this study is limited to the implementation of Quality Assurance and Quality
Control (QA/QC) measures in six Asian Development Bank (ADB)-funded Gas
Insulated Substation (GIS) projects located within Kathmandu Valley, Nepal. These
substations include Lapshiphedi, Changunarayan, Teku, Thimi, Chobhar, and Futung.
The study focuses specifically on stakeholder perceptions of QA/QC practices during the
construction and installation phases, including the implementation of Field Quality Plans
(FQP), Inspection and Test Plans (ITP), material testing, site inspections, documentation
practices, and compliance with ADB and NEA standards. Data were collected from three
stakeholder groups directly involved in these projects: client representatives (NEA),
consultants, and contractors. The study does not extend to operational or maintenance
phases of the substations, nor does it cover non-ADB funded projects or substations

outside Kathmandu Valley.

Limitations
This study has several limitations that readers should consider when interpreting the
findings.
e First, the study is purely perception-based. The findings reflect the opinions,
experiences, and views of 66 stakeholders who participated in the questionnaire

survey. No independent, objective compliance audits or third-party



measurements of QA/QC performance were conducted to verify or cross-check
stakeholder perceptions.

Second, the study did not include independent field observation data as core
evidence. While site visits were conducted for contextual understanding,
systematic field observation data were not collected or analyzed as part of the
core results.

Third, the geographical scope is limited to Kathmandu Valley. The findings may
not be fully generalizable to other regions of Nepal.

Fourth, the sample size of 66 respondents is relatively modest. While statistically
adequate, a larger sample could provide additional insights.

Fifth, the study focuses exclusively on ADB-funded projects. Findings may differ
for projects funded by other agencies or domestic financing.

Sixth, the study employs a cross-sectional design. Perceptions were captured at a
single point in time and do not track changes over the project lifecycle.

Seventh, self-reporting bias may be present. Respondents, particularly contractor
representatives, may have been influenced by social desirability or organizational

loyalty.



CHAPTER 2: LITERATURE REVIEW

2.1 Conceptual Framework of Quality Assurance and Quality Control in High-

Voltage Infrastructure

Quality Assurance (QA) is defined as the systematic, proactive set of processes and
organizational procedures designed to provide confidence that a product or service will
consistently meet or exceed specified requirements. It focuses primarily on defect
prevention through detailed planning, documentation, standardised procedures, and
management systems. In contrast, Quality Control (QC) comprises the reactive,
operational techniques including inspection, testing, measurement, verification, and
monitoring that are applied to confirm that the established requirements have actually

been fulfilled (Asian Development Bank, 2017; Quacci, 2017).

In the context of high-voltage Gas Insulated Substations (GIS), QA/QC frameworks are
structured around the Plan-Do-Check-Act (PDCA) cycle. This cycle integrates risk-
based thinking, complete traceability of materials and components, non-conformance
identification and reporting, and timely corrective and preventive actions. These
elements are particularly vital in GIS projects because even minor defects in critical
components such as insulating basins, SFs gas seals, epoxy resin parts, or gas
compartments can result in serious air-leakage faults, prolonged power outages, safety

hazards for personnel, and substantial financial and reputational losses for the project

(Liu et al., 2022).

Empirical studies on smart-grid and high-voltage components have consistently
demonstrated that a well-structured, lifecycle-oriented QC approach significantly
reduces long-term operational and maintenance costs by minimising equipment failures
and enhancing overall system reliability (Quacci, 2017). Within the Nepali power sector,
ADB-funded transmission and substation projects operate in a highly complex
environment characterised by mountainous terrain, challenging logistics, community
sensitivities, and seismic risks. In such settings, integrated QA/QC becomes not merely
a contractual obligation but a strategic necessity for project success (Regmi et al., 2022).
The conceptual framework adopted in this study therefore extends beyond pure technical
compliance to encompass environmental safeguards most notably strict control of SFs

gas leakage thereby aligning QA/QC practices with broader national and international



sustainable development goals. This framework directly underpins the investigation of
RQI (current implementation level), RQ2 (field-level challenges and gaps), and RQ3

(influence on project performance).
2.2 International Standards and Best Practices for GIS Substations

Gas Insulated Substation (GIS) technology, which uses SFs gas as the primary insulating
medium within compact metal-enclosed modules, requires exceptionally rigorous
QA/QC protocols to guarantee long-term reliability and safety. Two cornerstone

international standards govern GIS design, manufacturing, testing, and installation:

o IEEE C37.122 (IEEE Standard for High Voltage Gas-Insulated Substations Rated
Above 52 kV) provides comprehensive requirements for design reviews, Factory
Acceptance Tests (FAT), Site Acceptance Tests (SAT), dielectric withstand
testing, mechanical endurance tests, and gas tightness verification (Institute of

Electrical and Electronics Engineers, 2021).

o [IEC 62271-203 (High-Voltage Switchgear and Control gear — Part 203: Gas-
Insulated Metal-Enclosed Switchgear for Rated Voltages Above 52 kV) specifies
detailed criteria for insulation coordination, partial discharge measurement,
internal arc classification, and strict SFs leakage limits (maximum 0.5 % per year

per compartment) (International Electrotechnical Commission, 2022).

These standards are fully integrated with the ISO 9001 quality management system,
which demands documented procedures, regular supplier audits, traceability of materials,
and a culture of continual improvement. In practice, manufacturing QC relies heavily on
routine tests (dielectric, mechanical, and gas purity) and type tests, while field erection
and commissioning demand strict cleanliness protocols, precise alignment checks,
controlled torqueing of joints, and carefully monitored SFs gas filling procedures (Liu et

al., 2022).

Recent forensic investigations of actual field failures have highlighted the consequences
of non-compliance. For instance, Liu et al. (2022) analysed a 500 kV HGIS grounding-
knife-switch air-leakage incident and traced the root cause to incomplete epoxy resin
curing combined with differential thermal expansion between the central copper
conductor and the insulating material. Such cases demonstrate that adherence to these
international standards is not optional but essential for preventing costly and dangerous

defects. The standards therefore serve as the primary benchmark for evaluating the
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current level of QA/QC and Field Quality Plan (FQP) implementation at the Lapshiphedi
GIS Substation (RQ1).

2.3 ADB’s Requirements for QA/QC and Field Quality Plan in Nepal-Funded GIS

Projects

The Asian Development Bank (ADB) enforces stringent QA/QC requirements through
its Procurement Policy and Standard Bidding Documents for Plant contracts. Contractors
are contractually obliged to prepare and implement a comprehensive Quality Assurance
Plan (QAP) that covers the entire project lifecycle, supported by a detailed Field Quality
Plan (FQP) specifically for on-site activities. Nepal Electricity Authority (NEA) and the
appointed Project Supervision Consultants (PSC) exercise independent oversight,
including document review, witnessing of critical FAT and SAT, stage-wise inspections,
and enforcement of both technical and environmental safeguards (Asian Development

Bank, 2017; Nepal Electricity Authority, 2019).

For the specific Khimti-Barhabise-Lapsiphedi 400/220/132 kV GIS project under the
SASEC Power Transmission and Distribution System Strengthening Project (Loan
50059-003-NEP), the official bidding documents explicitly mandate submission of a
contractor QAP and FQP, full material traceability, non-conformance management
procedures, and regular verification by NEA and the PSC (Nepal Electricity Authority,
2019). These contractual provisions form the foundation for assessing how effectively
QA/QC measures are being translated from paper into actual field practice at Lapshiphedi
the central concern of RQ1. They also highlight the need to identify any systemic gaps

between approved plans and on-site execution (RQ2).
2.4 Current Implementation, Challenges, and Gaps in Field-Level QA/QC

While ADB-funded projects in Nepal require robust QAPs and FQPs, literature and risk-
mapping studies indicate that actual field-level implementation frequently encounters
significant practical challenges. Regmi et al. (2022), in their detailed risk analysis of
multiple ADB-supported high-voltage transmission and substation projects, applied an
impact x frequency matrix and identified human factors, inadequate survey and
background analysis, logistics difficulties, and terrain-related constraints as the highest-
risk categories. These risks manifest directly in GIS erection activities, including

handling of imported heavy GIS modules, shortage of skilled local technicians, adverse



weather conditions in the Kathmandu Valley, and coordination issues among the

contractor, NEA, and PSC teams.

Complementary evidence from fault analysis reinforces these concerns. Liu et al. (2022)
documented how insufficient on-site monitoring of residual stress in insulating
components led to air-leakage failures in similar high-voltage GIS equipment. Quacci
(2017) further observed that gaps in field QC during installation and commissioning

phases often result in higher rework rates, unplanned downtime, and schedule slippage.
2.5 Previous Studies on QA/QC Implementation Challenges

Multiple studies have examined challenges affecting QA/QC implementation in

construction projects, both globally and in Nepal.
International Studies:

Abdul-Rahman et al. (2015) found that weak supervision and poor documentation were
frequently cited as causes of quality issues in Malaysian construction projects. Love et
al. (2016) reported that rework costs typically range from 5—-15% of project cost, much
of which is attributable to QA/QC gaps. Hoonakker et al. (2017) observed that projects
with structured QA/QC systems showed 20-30% improvement in performance metrics.
Tam et al. (2018) identified lack of contractor commitment and insufficient training as
key barriers to quality plan implementation. Zeng et al. (2019) highlighted material

quality and inspection delays as critical factors affecting construction quality.
Nepal-Specific Studies:

The Department of Urban Development and Building Construction (DUDBC, 2021)
reported gaps in QA plan implementation in public building construction, particularly in
documentation and monitoring. An NEA internal report (2022) identified delays in
testing, lack of coordination, and weak enforcement of QA/QC procedures as recurrent

observations in substation projects.

Shrestha et al. (2022) found that QA/QC implementation levels in Nepalese construction
projects were moderate (mean = 3.2/5), with major issues reported in supervision and
training. Karki and Adhikari (2023), using RII analysis, identified poor documentation
(RIT = 0.78) and lack of skilled manpower (RII = 0.74) as top-ranked challenges.

Relevance to This Study:



These previous studies provide valuable context. However, most have focused on either
general construction or transmission line projects, not specifically on GIS substations.
Furthermore, few have adopted a perception-based approach that systematically captures
stakeholder views across client, consultant, and contractor groups. This study builds on
these earlier works by applying similar analytical methods (RII, correlation) to the

specific context of ADB-funded GIS substations in Kathmandu Valley, while explicitly

framing findings as stakeholder perceptions.

Table 1.Result from previous studies

Rel
Author & | Study Major Findings ¢ eva‘n ¢
S.N. Key Focus to this
Year Area (Results)
study
Found that weak ..
.. Similar
supervision and poor issues in
Abdul- Quality documentation were
. . . consultant
1 Rahman et | Malaysia | Management in | the main causes of supervision
al. (2015) Construction quality issues; RII > inp
0.75 for supervision- )
substations
related factors
Rework costs ranged | Supports
Rework in from 5-15% of economic
Love et al. ) . . .
2 (2016) Australia | Construction project cost due to impact of
Projects poor QA/QC poor
practices QA/QC
Justifi
Projects with niicli ;(e)i
Hoonakker Quality structured QA/QC
structured
3 et al. USA Management systems showed 20— .
) . | QA/QC in
(2017) Systems 30% improvement in ADB
performance .
projects
Identified lack of
' entified lack o Matches
Implementation | contractor
Tam etal. | Hong . . contractor-
4 of Quality commitment and S
(2018) Kong .. side issues
Plans training as key .
. in Nepal
barriers
C . Directl
Highlighted material ety
. relevant to
) quality and ;
Zeng et al. . Construction . . material
5 (2019) China Quality Control inspection delays as testin
Y critical factors (RII > g‘
delays in
0.80) .
substations
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Found that Strong
adherence to QA alignment

6 ADB South Infrastructure plans improves with ADB-
(2020) Asia Project Quality | project sustainability | funded

and reduces defects | projects in
significantly your thesis
Reported gaps in QA | Direct
lan impl tati Nepal
DUDBC Public Building | P D CTEHtation, | epa
7 Nepal . especially in context for
(2021) Construction .
documentation and | your
monitoring research
NEA Ider.ltlﬁed delays in | Highly
. testing, lack of relevant to
Internal Substation ..

8 Nepal . coordination, and GIS
Report Projects .
(2022) weak enforcement of | substation

QA/QC procedures | projects
Found that QA/QC
. implementation level | Comparable
Construction i
9 Shrestha et Nenal Profect was moderate (mean | baseline for
al. (2022) P ; ~3.2/5) with major | your
Performance . . . .
issues in supervision | findings
and training
RII analysis showed
Karki & Quality top issues: poor Supports
o . documentation your RII-
10 | Adhikari Nepal Practices in
(0.78), lack of based
(2023) Infrastructure . .
skilled manpower analysis

(0.74)

2.6 Influence of QA/QC Implementation on Project Quality, Cost, and Schedule

Performance

The level of QA/QC implementation exerts a direct and measurable influence on overall

project outcomes. Strong, proactive QC throughout the project lifecycle has been shown

to reduce equipment failure rates and deliver substantial lifecycle cost savings (Quacci,

2017). Green construction site practices integrated within QA/QC such as effective

energy and material management have produced tangible economic benefits, including

up to 60 % reduction in water and energy consumption, productivity improvements of 1-

25 %, and profit margin gains of at least 14 % (Chang et al., 2018; Gulghane et al., 2015;
Zhang & Peng, 2017).
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Conversely, weaknesses in field QA/QC frequently lead to cost overruns caused by
rework, material wastage, or corrective actions, as well as schedule delays and potential
contractual penalties related to SFs leakage or non-compliance. Regmi et al. (2022)
demonstrated that unaddressed risks in early project phases significantly degrade both
quality and schedule performance. These established relationships provide the theoretical
and empirical foundation for RQ3, which seeks to quantify and qualify how QA/QC
implementation at Lapshiphedi affects project quality, cost, and schedule, and to derive

practical, context-specific improvement recommendations.
2.6 Perception-Based Studies in Construction Quality

Recent construction management research has increasingly recognized the value of
stakeholder perception surveys as a method for assessing quality management systems.
Unlike objective metrics—which measure what happened—perception-based studies
capture how stakeholders experience and evaluate quality practices (Carvalho &

Rabechini, 2017).

Perception-based approaches offer several advantages for QA/QC research. First, they
reveal barriers that stakeholders actually encounter, rather than what compliance audits
assume they encounter. Second, they capture variation in experiences across different
stakeholder groups (clients vs. contractors vs. consultants). Third, they can identify

misalignments between what management intends and what field staff perceives.

In the Nepalese context, Shrestha et al. (2022) and Karki & Adhikari (2023) have
demonstrated that stakeholder perceptions often identify different priorities than
compliance audits alone. For example, while audit findings may focus on documentation
completeness, field staff may perceive supervision frequency or testing delays as more

pressing concerns.

This study builds on this methodological tradition by focusing specifically on stakeholder
perceptions of QA/QC implementation in ADB-funded GIS substation projects.
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2.7 Research Gaps

Based on the reviewed literature, the following research gaps are identified:

Table 2.Research Gaps

Gap

Description

GIS-specific
QA/QC studies in
Nepal

Limited research has focused specifically on QA/QC
implementation in GIS substation projects in Nepal. Most existing
studies address general construction or transmission lines.

Perception-based

Few studies in the Nepalese power sector have systematically

project focus

approach captured stakeholder perceptions across all three groups (client,
consultant, contractor) using a structured, perception-based
survey.

ADB-funded While ADB-funded projects follow stringent QA/QC

requirements, limited research has examined how stakeholders
perceive the implementation of these requirements at the field
level.

RII
correlation
application to GIS

and

RII ranking and correlation analysis have been applied to general
construction quality in Nepal, but not specifically to GIS
substation projects.
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CHAPTER 3: METHODOLOGY

3.1 Research Design and Approach

This study adopts a descriptive and analytical research design with a mixed-method
approach combining  quantitative and qualitative data. The research is
explicitly perception-based, meaning the primary data reflect the views, experiences, and
opinions of stakeholders directly involved in QA/QC implementation, rather than
objective third-party audits.

The rationale for this approach is threefold. First, perception-based research captures how
stakeholders actually experience QA/QC systems, revealing barriers and enablers that
compliance audits may miss. Second, it allows comparison of perspectives across
different stakeholder groups (clients, consultants, contractors). Third, it aligns directly
with the study's title and objectives, which focus on stakeholder perceptions.

The study is cross-sectional in nature, capturing perceptions at a single point in time
during the construction and installation phases of the selected GIS substation projects.

The detail research methodology is presented in figure 1 below.
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Figure 1: Research Methodology Flowchart
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3.4 Study Area

The study was conducted within Kathmandu Valley, Nepal, which comprises three
districts: Kathmandu, Lalitpur, and Bhaktapur. Kathmandu Valley was selected as the
study area because it contains the highest concentration of ADB-funded GIS substation
projects within a limited geographic region, allowing for comparative analysis across
multiple sites. The six substations included in this study is presented in table 4 below.

Table 3. Study Projects

S.N. | Substation Name Location

1 Lapshiphedi Substation Northeastern Kathmandu Valley
2 Changunarayan Substation Eastern Kathmandu Valley

3 Teku Substation Central Kathmandu Valley

4 Thimi Substation Eastern Kathmandu Valley

5 Chobhar Substation Southern Kathmandu Valley

6 Futung Substation Northern Kathmandu Valley

These substations are all 132 kV Gas Insulated Substations (GIS) funded by the Asian
Development Bank (ADB) and implemented under the supervision of the Nepal
Electricity Authority (NEA). The ongoing or recently completed nature of these projects

provided an opportunity to assess real-time stakeholder perceptions of QA/QC practices.

3.3 Population, Sampling Technique, and Sample Size Determination

3.3.1 Study Population

The target population for this study consists of professionals and stakeholders directly
involved in the construction, supervision, and quality management of ADB-funded GIS
substation projects within Kathmandu Valley. The population of study is presented in
table 5 below.

Table 4. Study Population

Stakeholder Group | Roles Included

Client (NEA) Project managers, engineers, oversight officials

Consultant Supervision consultants, QA/QC reviewers, design engineers
Contractor Project managers, site engineers, QA/QC engineers, supervisors
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The population is finite and specialized, as it includes only those professionals actively

engaged in the selected six substation projects.

3.3.2 Sampling Technique

A purposive (judgmental) sampling technique was employed. This non-probability

sampling method was selected because the study targets specific individuals who possess

relevant knowledge, experience, and responsibility related to QA/QC practices. Only

respondents directly involved in the selected projects were included.

The purposive approach ensured that:

e Respondents had direct, hands-on experience with QA/QC implementation

e All three stakeholder groups (client, consultant, contractor) were represented

e Responses were relevant to the specific context of ADB-funded GIS substations

3.3.3 Sample Size Determination

The sample size was determined using the statistical formula for an infinite population:

Where:

e n=required sample size

e 7 = standard normal deviate at 90% confidence level (1.645)

Z2XpXq
n=————

e?

e p = assumed proportion of success (0.50)

e ¢ = allowable error (0.10)

The calculated sample size was 68 respondents. However, due to field conditions and

respondent availability, a total of 66 responses were collected and used for analysis. This

slight variation does not significantly affect the reliability of the study, as the collected

responses adequately represent the target population. The distribution of respondents is

presented in table 6 below.

Table 5. Distribution of Respondents

Stakeholder Group Target Sample Actual Sample
Client (NEA) 13 12
Consultant 20 20
Contractor 35 34
Total 68 66
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The higher proportion of contractor respondents reflects that contractors are directly
involved in day-to-day construction activities and QA/QC implementation, while

consultant and client respondents provide supervisory and monitoring perspectives.
3.4 Methods of Data Collection

Both primary and secondary data were collected for this study.

3.4.1 Primary Data

Primary data were collected through three methods:

A. Structured Questionnaire Survey

A structured questionnaire was developed and distributed to 66 respondents across the
three stakeholder groups. The questionnaire was divided into five sections which is
depicted in table 7 below.

Table 6. Content of Questionnaire Survey

Section Content Purpose

Section | General information (organization, | Demographic profiling

A role, experience)

Section | QA/QC & FQP implementation (5 | Assess perceived implementation status

B questions) (Objective 1)
Section | Challenges in QA/QC | Identify perceived barriers (Objective
C implementation (6 questions) 2)

D questions) (Objective 3)

Section | Impact on project performance (6 | Evaluate  perceived  relationships

Section | Improvement measures (4 questions) | Gather recommendations

E

A five-point Likert scale was used:
e 1 =Strongly Disagree
e 2 =Disagree
e 3 =Neutral
o 4=Agree
e 5 =Strongly Agree
A total of 8 key informant interviews were conducted. Interview notes were analyzed

thematically to complement and contextualize the survey findings.
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B. Field Observations
A structured checklist was used to observe QA/QC practices at each of the six substation
sites. The checklist covered the parameter as mentioned in table 8 below.

Table 7. Parameters for Field Observation

Activity Area Parameters Observed

Pre-construction Drawing verification, site preparation

Material quality Aggregates, cement, reinforcement steel, storage
Reinforcement works Placement, cover, rust condition

Formwork Alignment, bracing, surface condition
Concreting Mixing, placing, compaction

Curing Duration, method, coverage

Earthwork Compaction, testing frequency

Masonry Workmanship, material quality

Documentation Checklist use, record keeping, NCR tracking

Field observation data were recorded as compliant or non-compliant based on standard

specifications and were used to complement the perception-based survey data.

3.4.2 Secondary Data

Secondary data were collected from the following sources as mentioned in table 9 below.

Table 8. Parameters for Field Observation

Source Type of Information

ADB procurement guidelines and policies | QA/QC contractual requirements

NEA project documents Quality Assurance Plans, Field Quality Plans
Technical standards IEC 62271-203, IEEE C37.122

Previous research studies Journal articles, theses, reports
Contractor/submission documents Inspection and Test Plans, test reports

Secondary data were used to establish the theoretical framework, understand contractual

requirements, and contextualize primary findings.
3.5 Data Analysis Methods

Data analysis was conducted using descriptive statistics, Relative Importance Index
(RII), and Pearson correlation analysis. Each analysis method corresponds to one of the

three research objectives.
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Analysis for Objective 1 (Perceived Implementation Status)
Method: Descriptive statistics (mean, standard deviation, frequency distribution)
Process:

e Questionnaire responses (Section B) were entered into SPSS/Excel

e Mean scores were calculated for each QA/QC variable

o Standard deviations were computed to assess response variability

e Results were presented in tables and figures

Interpretation Framework:

Mean Score Range Perceived Implementation Level
1.00 - 1.80 Very Low

1.81-2.60 Low

2.61 -3.40 Moderate

3.41-4.20 Good

4.21 -5.00 Very Good

Analysis for Objective 2 (Perceived Challenges)
Method: Relative Importance Index (RII)

Formula:

xw
AXN

RII =

Where:
e YW =Sum of weights assigned by all respondents
e A= Highest possible weight (5)
e N =Total number of respondents (66)
Process:
e Responses for challenge-related questions (Section C) were analyzed
e RII values (range 0 to 1) were calculated for each factor
o Factors were ranked from highest RII to lowest RII
o Higher RII indicates greater perceived importance as a barrier

Interpretation Framework:

RII Range Perceived Importance
0.80 - 1.00 Very High
0.70 - 0.79 High
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0.60 — 0.69 Moderate
0.50 - 0.59 Low
Below 0.50 Very Low

Analysis for Objective 3 (Perceived Performance Impact)
Method: Pearson Correlation Analysis
Formula:
Lo uX - N -Y)
VE(X - X)25(Y - ¥)?

Where:
e 1 =Pearson correlation coefficient
e X =QA/QC implementation score (independent variable)
e Y = Performance indicator score (dependent variable)
e X =MeanofX
e Y=MeanofY
Process:
e QA/QC implementation scores (Section B) and performance impact scores
(Section D) were correlated
o Correlation coefficients were calculated for each performance indicator
o Statistical significance (p-value) was assessed at 95% confidence level (o= 0.05)

Interpretation Framework:

r Value Range Strength of Relationship
0.00-0.19 Very weak
0.20-0.39 Weak
0.40 - 0.59 Moderate
0.60-0.79 Strong
0.80—-1.00 Very strong

Note on Interpretation: Negative r values indicate inverse relationships (e.g., better
QA/QC associated with less rework). Positive r values indicate direct relationships (e.g.,
better QA/QC associated with better progress).

Qualitative Data Analysis
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Data from key informant interviews and field observation notes were analyzed
using thematic analysis. The process involved:

1. Transcribing interview notes and observation records

2. Identifying recurring themes related to QA/QC implementation

3. Coding themes to correspond with the three research objectives

4. Using qualitative findings to complement and contextualize quantitative results

3.6 Reliability of the Study

3.6.1 Internal Consistency (Cronbach's Alpha)

The internal consistency of the questionnaire was assessed using Cronbach's Alpha
coefficient. Reliability testing was performed on the survey responses to ensure that
questionnaire items consistently measure the same underlying construct (stakeholder
perceptions of QA/QC implementation).

The analysis yielded a Cronbach's Alpha value of 0.78, which is considered acceptable
(above the minimum threshold of 0.70). This indicates that the questionnaire items are

sufficiently correlated and reliably measure the intended construct.

Cronbach's Alpha Range Reliability Level
>0.90 Excellent

0.80 - 0.89 Good

0.70 - 0.79 Acceptable

0.60 — 0.69 Questionable
<0.59 Poor

3.6.2 Content Validity (Expert Validation)

The questionnaire was validated by a panel of five experts with experience in:
e Construction management and QA/QC systems
o ADB-funded infrastructure projects
e GIS substation construction
e Academic research methodology
Experts evaluated each questionnaire item for:
e Relevance to research objectives
e Clarity of language

e Technical accuracy

22



o Suitability for different respondent groups

Based on expert feedback, revisions were made to rephrase unclear questions, remove

redundant items, and add important QA/QC parameters that were initially missing.

3.6.3 Triangulation

To enhance the credibility of findings, methodological triangulation was employed:

e Survey data (quantitative) were compared with interview data (qualitative)

o Perception-based findings were compared with field observation records

e Primary data were compared with secondary document reviews

This triangulation allowed the study to identify convergence and divergence between

what stakeholders perceive and what is observed or documented.

3.7 Research Matrix

The research matrix below tabulated in table 10 maps each research objective to its

corresponding research question, data source, analysis method, and expected output.

Table 9. Research Matrix

Objective Data Source Analysis Expected Output
Method
To assess stakeholder | Questionnaire Descriptive Mean scores, standard
perceptions of current | (Section B), Field | statistics deviations, tables, figures
QA/QC observations (mean, SD, | showing perceived
implementation status frequency) implementation levels
To identify and rank | Questionnaire Relative RII values and rankings
perceived challenges | (Section C) Importance of challenges, interview
affecting QA/QC Index (RID), | themes
implementation Thematic
analysis
To evaluate perceived | Questionnaire Pearson . .
‘ . ) ) Correlation coefficients
relationships between | (Sections B & D), | correlation, o
_ _ ' (1), p-values, significance
QA/QC and project | Project records Thematic

performance

analysis

levels, interpretation




CHAPTER 4: RESULTS AND DISCUSSION

This chapter presents the analysis and interpretation of data collected through stakeholder
questionnaires, key informant interviews, and field observations. The chapter is
organized according to the three research objectives. Section 4.2 presents field
observation results, which provide complementary objective data on actual site
conditions. Section 4.3 presents stakeholder perceptions of QA/QC implementation
status (Objective 1), based on descriptive analysis of questionnaire responses. Section
4.4 presents stakeholder-identified challenges affecting QA/QC implementation
(Objective 2), analyzed using Relative Importance Index (RII) and thematic analysis of
interviews. Section 4.5 presents stakeholder-perceived relationships between QA/QC
implementation and project performance (Objective 3), analyzed using Pearson
correlation. Each section includes both results and discussion, with findings interpreted
in the context of the literature reviewed in Chapter 2.

A total of 66 valid responses were analyzed, representing three stakeholder groups: client
(NEA, n=12), consultant (n=20), and contractor (n=34). Field observations were

conducted across all six substation sites using a structured checklist.
4.1 Stakeholder Perceptions of QA/QC Implementation Status

This section defines the results and discussions of objective 1 about Stakeholder
Perceptions of QA/QC Implementation Status

4.1.1 Respondent Profile
A total of 66 respondents participated in the questionnaire survey. Table 11 presents the

distribution of respondents by organization and role.

Table 10 Distribution of Respondents by Organization and Role

Organization | Engineer Site QA/QC Project Other | Total
Engineer Engineer Manager

NEA (Client) | 6 2 1 2 1 12

Consultant 8 4 4 3 1 20

Contractor 10 12 6 4 2 34

Total 24 18 11 9 4 66

Figure 2 illustrates the distribution of respondents by organization.
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Figure 2: Respondent Distribution by Organization

The higher proportion of contractor respondents (52%) reflects that contractors are
directly responsible for day-to-day construction activities and QA/QC implementation.
Consultant (30%) and NEA (18%) respondents provide supervisory and monitoring
perspectives. This distribution ensures that the perception data capture the views of those
who implement QA/QC (contractors) as well as those who supervise and monitor it
(consultants and NEA). Among the respondents, 24 are engineers, 18 are site engineers,
11 are QA/QC engineers, and 9 are project managers, indicating good representation of

technical and managerial roles.

4.1.2 Perceived Implementation of Field Quality Plan (FQP)

Respondents were asked whether an approved Field Quality Plan (FQP) was available at
their project site. Table 12 presents the responses.

Table 11: Stakeholder Perception of Approved FQP Availability at Site

Organization Agree Strongly Agree Total
NEA (Client) 10 2 12
Consultant 18 2 20
Contractor 28 6 34
Total 56 10 66

Figure 3 illustrates the perceived FQP implementation status.
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Figure 3: Stakeholder Perception of FQP Implementation

All 66 respondents either agreed (85%) or strongly agreed (15%) that an approved FQP
is available at their site. The mean score for FQP implementation is 4.15 (between Agree
and Strongly Agree), with a low standard deviation of 0.36, indicating high consistency
across respondents. This finding confirms that from the stakeholder perspective,
the planning and documentation phase of QA/QC is well established in ADB-funded GIS
substations. This aligns with ADB requirements (Asian Development Bank, 2017) and
NEA contract provisions (Nepal Electricity Authority, 2019), which mandate FQP

submission before construction begins.

4.1.4 Perceived Implementation of Inspection and Test Plan (ITP)

Table 13 presents stakeholder perceptions of whether Inspection and Test Plans (ITPs)
are clearly defined and followed.

Table 12: Stakeholder Perception of ITP Implementation

Organization Disagree | Neutral | Agree | Strongly Agree Total
NEA (Client) 8 2 2 0 12
Consultant 5 0 11 4 20
Contractor 0 0 30 4 34
Total 13 2 43 8 66
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Figure 4 illustrates the perceived ITP implementation status.
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Figure 4: Stakeholder Perception of ITP Implementation

The mean score for ITP implementation is 3.70 (between Neutral and Agree), with a
standard deviation of 0.93, indicating moderate variability in responses. Notably, 8 out
of 12 NEA respondents (67%) disagreed that ITPs are clearly defined and followed,
while all contractor respondents agreed or strongly agreed. This divergence in perception
is a key finding. It suggests that while contractors believe ITPs are being followed, client
representatives perceive gaps in [TP implementation. This perception gap may arise from
different interpretations of "following ITPs" or different standards of compliance.
Similar perception gaps have been documented by Karki and Adhikari (2023) in

Nepalese infrastructure projects.

4.1.5 Perceived Material Inspection and Testing Practices

Table 14 presents stakeholder perceptions of material inspection and testing practices.

Table 13: Stakeholder Perception of Material Inspection and Testing

Organization Disagree Neutral Agree Strongly Agree Total
NEA (Client) 4 2 6 0 12
Consultant 2 0 16 2 20
Contractor 0 0 16 18 34
Total 6 2 38 20 66

Figure 5 illustrates the perceived material testing practices.
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Figure 5: Stakeholder Perception of Material Inspection and Testing

The mean score for material inspection and testing is 4.09 (between Agree and Strongly
Agree), with a standard deviation of 0.84, indicating relatively consistent positive
perceptions. This finding aligns with the field observation data, where material-related
activities (except aggregates quality) showed moderate to good compliance. Stakeholders
across all three groups generally agree that construction materials are tested and verified
in accordance with specifications. This perception is consistent with Zeng et al. (2019),

who found that material testing is often the most structured QC activity in large

infrastructure projects.

4.1.6 Perceived Site Inspection Frequency

Table 15 presents stakeholder perceptions of site inspection frequency.

Table 14: Stakeholder Perception of Site Inspection Frequency

Organization Disagree Neutral | Agree | Strongly Agree Total
NEA (Client) 0 0 10 2 12
Consultant 3 4 10 3 20
Contractor 2 0 19 13 34
Total 5 4 39 18 66
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Figure 6 illustrates the perceived site inspection frequency.
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Figure 6: Stakeholder Perception of Site Inspection Frequency

The mean score for site inspection frequency is 4.06 (between Agree and Strongly
Agree), with a standard deviation of 0.80. This indicates that stakeholders generally
perceive site inspections as occurring regularly. However, the presence of some
disagreement (8%) suggests that inspection frequency may vary by activity or site. This
finding is consistent with the field observation results, where inspection-dependent
activities (curing at 50%, earthwork testing at 63.3%) showed lower compliance,
suggesting that while inspections occur, they may not be sufficiently frequent or

thorough for all activities.

4.1.7 Perceived Documentation and Record Keeping

Table 16 presents stakeholder perceptions of documentation and record-keeping
practices.

Table 15: Stakeholder Perception of Documentation and Record Keeping

Organization Disagree Neutral | Agree | Strongly Agree Total
NEA (Client) 4 2 6 0 12
Consultant 4 4 8 4 20
Contractor 0 6 9 19 34
Total 8 12 23 23 66
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Figure 7 illustrates the perceived documentation practices.
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Figure 7: Stakeholder Perception of Documentation and Record Keeping

The mean score for documentation practices is 3.92 (approaching Agree), but the
standard deviation of 1.01 is the highest among all QA/QC variables, indicating
substantial variability in stakeholder perceptions. Notably, 12% of respondents disagreed
and 18% were neutral, suggesting that documentation practices are not uniformly
perceived as adequate. This finding aligns with field observations, where documentation
and QA/QC practices showed only 63.3% compliance. The high variability suggests that
while some projects maintain good records, others do not. This inconsistency was also
identified by Shrestha et al. (2022) as a common challenge in Nepalese construction

projects.

4.1.8 Perceived Compliance with ADB and NEA Standards

Table 17 presents stakeholder perceptions of compliance with ADB and NEA quality
standards.

Table 16: Stakeholder Perception of Compliance with ADB/NEA Standards

Organization Disagree Neutral | Agree | Strongly Agree Total
NEA (Client) 4 0 8 0 12
Consultant 2 2 11 5 20
Contractor 1 4 10 19 34
Total 7 6 29 24 66

30



Figure 8 illustrates the perceived compliance with standards.
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Figure 8: Stakeholder Perception of Compliance with ADB/NEA Standards

The mean score for compliance with ADB and NEA standards is 4.06, with a standard
deviation of 0.94. While most stakeholders agree that projects comply with required
standards, the presence of disagreement (11%) and neutral responses (9%) indicates that
compliance is not perceived as uniform. Notably, 4 out of 12 NEA respondents (33%)
disagreed that projects comply with standards, while only 1 contractor disagreed. This
perception gap mirrors the ITP finding: client representatives perceive lower compliance

than contractors.

4.1.9 Summary of Objective 1 Findings

Table 18 summarizes the descriptive statistics for all QA/QC variables.
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Table 17: Summary of Stakeholder Perceptions of QA/QC Implementation

Variable Mean | Std. Deviation Perceived Level
FQP Implementation 4.15 0.36 Good
ITP Implementation 3.70 0.93 Moderate to Good
Material Testing 4.09 0.84 Good
Site Inspection 4.06 0.80 Good
Documentation 3.92 1.01 Moderate to Good
ADB/NEA Compliance 4.06 0.94 Good

Figure 9 presents the mean scores for all QA/QC variables.
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Figure 9: Mean Scores of Stakeholder-Perceived QA/QC Variables

From the stakeholder perspective, QA/QC implementation in ADB-funded GIS
substations is generally perceived as moderate to good (mean scores ranging from 3.70
to 4.15). The highest perceived implementation is for FQP availability (4.15), confirming
that the planning phase of QA/QC is well established. The lowest perceived
implementation is for ITP implementation (3.70), with notable variation between client

and contractor perceptions. Documentation shows the highest variability (SD = 1.01),
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indicating inconsistent practices across projects. The complementary field observation
data (average compliance 67.7%) generally align with these perception findings, though

perceptions tend to be slightly more positive than observed compliance levels.
4.2 Stakeholder-Identified Challenges in QA/QC Implementation

This section identifies and rank, from a stakeholder perspective, the major challenges
affecting QA/QC implementation at the field level using RII where respondents were
asked to rate six potential challenges on a five-point Likert scale. RII values were

calculated and presented in table 19 below.

Table 18: RII Ranking of Stakeholder-Perceived Challenges

S.N. | Perceived Challenge RII Rank | Perceived
Value Importance

1 Weak monitoring and supervision 0.82 1 Very High

2 Lack of skilled QA/QC personnel 0.79 2 High

3 Poor documentation practices 0.76 3 High

4 Coordination gaps among | 0.74 4 High
stakeholders

5 Delay in inspection and testing 0.71 5 High

6 Inadequate training on QA/QC | 0.69 6 Moderate to High
procedures

7 Limited use of digital monitoring | 0.66 7 Moderate
tools

4.2.2 Discussion of Each Perceived Challenge
Challenge 1: Weak Monitoring and Supervision (RII = 0.82, Rank 1)

Stakeholders identified weak monitoring and supervision as the most significant
perceived barrier to effective QA/QC implementation. From the stakeholder perspective,
increasing the frequency and effectiveness of site supervision would yield the highest

immediate improvement in QA/QC implementation. This finding is consistent with

33



Abdul-Rahman et al. (2015), who found weak supervision as a primary cause of quality
issues in Malaysian construction projects, and with Regmi et al. (2022), who identified

inadequate supervision as a key risk in ADB-funded transmission projects in Nepal.
Challenge 2: Lack of Skilled QA/QC Personnel (RII = 0.79, Rank 2)

The second most significant perceived challenge is the shortage of qualified QA/QC
personnel at site level. Key informant interviews revealed that while QA/QC engineers
are sometimes assigned to projects, they often manage multiple sites simultaneously or
lack specific training in GIS substation requirements. This perception aligns with Tam et
al. (2018), who identified lack of contractor commitment and training as key barriers to

quality plan implementation.
Challenge 3: Poor Documentation Practices (RII = 0.76, Rank 3)

Poor documentation practices ranked third, consistent with the high variability in
documentation perceptions (SD = 1.01) reported in Section 4.1.6. Key informant
interviews revealed that documentation is often treated as a compliance exercise for
audits rather than a real-time management tool. Inspection reports may be completed
after the fact, checklists may be signed without verification, and non-conformance
reports may not be consistently tracked. This finding is consistent with Karki and
Adhikari (2023), who identified poor documentation (RII = 0.78) as a top-ranked

challenge in Nepalese infrastructure projects.
Challenge 4: Coordination Gaps Among Stakeholders (RII = 0.74, Rank 4)

Coordination gaps among client, consultant, and contractor ranked fourth. This
perception gap was evident in the ITP implementation findings (Section 4.1.3), where
67% of NEA respondents disagreed that ITPs are followed, while all contractor
respondents agreed. Key informant interviews revealed that coordination meetings occur
but may not be sufficiently regular or may not result in actionable decisions. This finding
aligns with Shrestha et al. (2022), who noted that poor coordination among project

stakeholders is a recurrent issue in Nepalese construction projects.
Challenge 5: Delay in Inspection and Testing (RII = 0.71, Rank 5)

Delays in inspection and testing ranked fifth. Key informant interviews suggested that
testing laboratories are sometimes located far from site locations, causing delays in

material approval. Additionally, the need for third-party testing for certain GIS-specific
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components (e.g., SFs gas quality, partial discharge testing) may require specialized labs,
leading to scheduling challenges. This finding is consistent with Zeng et al. (2019), who

highlighted inspection delays as critical factors affecting construction quality.
Challenge 6: Inadequate Training on QA/QC Procedures (RII = 0.69, Rank 6)

Inadequate training ranked sixth. Key informant interviews revealed that while engineers
receive general training on QA/QC principles, site-level workers and junior inspectors
may not receive specific training on GIS substation requirements, international standards
(IEC, IEEE), or documentation procedures. This finding aligns with the perceived lack
of skilled personnel (Rank 2) and suggests that training programs targeted to GIS-specific

QA/QC requirements could address multiple challenges simultaneously.
Challenge 7: Limited Use of Digital Monitoring Tools (RII = 0.66, Rank 7)

Limited use of digital monitoring tools ranked lowest, though still in the moderate
importance range. Key informant interviews suggested that while digital tools are used
for basic documentation (e.g., email, Word, Excel), integrated digital QA/QC systems
(e.g., mobile inspection apps, cloud-based reporting, real-time dashboards) are not
commonly used. Wang et al. (2020) noted that digital technologies in construction can

enhance real-time tracking and reduce documentation delays.

4.2.3 Summary of Objective 2 Findings

Stakeholders perceive weak monitoring and supervision (RII = 0.82) as the most
significant barrier to effective QA/QC implementation, followed by lack of skilled
QA/QC personnel (RIT = 0.79), poor documentation practices (RII = 0.76),
and coordination gaps (RII = 0.74). These four challenges represent priority areas for
intervention. The lower-ranked challenges inadequate training (0.69) and limited digital
tools (0.66) are not unimportant, but stakeholders perceive them as less urgent. These
findings provide a clear, stakeholder-informed prioritization for improving QA/QC

practices in future GIS substation projects.
4.3 Stakeholder-Perceived Relationship Between QA/QC and Project Performance

For third objective of the study under which evaluation of stakeholder-perceived
relationships between QA/QC implementation and project performance indicators:
rework, construction progress, cost overrun, and project delay, Pearson’s correlation

analysis was carried out to examine perceived relationships between overall QA/QC
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implementation scores (aggregated from Section 4.1 variables) and each performance

indicator. Table 21 presents the correlation coefficients.

Table 19: Correlation Between Stakeholder-Perceived QA/QC and Project Performance

Variable Pair Pearson p- Perceived Statistical
Correlation (r) | value | Relationship Significance
Strength
QA/QC — Rework | -0.65 0.005 | Strong (negative) | Significant (p <
0.05)

QA/QC — [ 0.58 0.089 | Moderate Not significant
Construction (positive) (p>0.05)
Progress

QA/QC — Cost | -0.60 0.378 | Moderate Not significant
Overrun (negative) (p>0.05)
QA/QC — Project | -0.55 0.068 | Moderate Not significant
Delay (negative) (p>0.05)

Figure 10 illustrates the correlation coefficients.

. 0.068
-0.55
0.378
-0.6
. 0.089
QA/QC — Construction Progress
0.58
P N 0.005
0.65 A7QTC — REWOrK
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

p-value @ Pearson Correlation (r)

Figure 10: Correlation Between Perceived QA/QC and Project Performance
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4.3.1 Discussion of Each Perceived Relationship
Perceived Relationship 1: QA/QC and Rework (r =-0.65, p = 0.005)

The strongest and most statistically significant perceived relationship is between QA/QC
implementation and rework. The negative correlation (r = -0.65) indicates that
stakeholders perceive stronger QA/QC practices as associated with less rework. The p-

value of 0.005 (below 0.05) confirms statistical significance at the 95% confidence level.

This finding aligns with established construction management literature. Love et al.
(2016) reported that rework costs typically range from 5—-15% of project cost, and that
effective QA/QC systems are the primary mechanism for rework prevention. From the
stakeholder perspective, activities such as proper material testing (mean = 4.09) and
regular site inspections (mean = 4.06) are seen as directly contributing to fewer defects

and less corrective work.
Perceived Relationship 2: QA/QC and Construction Progress (r = 0.58, p = 0.089)

A moderate positive correlation (r = 0.58) suggests that stakeholders perceive better
QA/QC as associated with faster construction progress. However, the p-value of 0.089

is above 0.05, indicating that this relationship is not statistically significant.

The lack of statistical significance is itself an interesting finding. It suggests that while
stakeholders perceive a positive relationship between QA/QC and progress, this
perception is not as strong or consistent as the rework relationship. There may be a
common perception that QA/QC activities "slow down" construction. The positive (but
non-significant) correlation suggests that some stakeholders recognize that preventing
defects actually saves time in the long run, while others remain focused on short-term
productivity. Hoonakker et al. (2017) found that projects with structured QA/QC systems

showed 20-30% improvement in performance metrics, including schedule adherence.
Perceived Relationship 3: QA/QC and Cost Overrun (r =-0.60, p = 0.378)

A moderate negative correlation (r = -0.60) suggests that stakeholders perceive better
QA/QC as associated with lower cost overruns. However, the p-value of 0.378 is well

above 0.05, indicating that this relationship is not statistically significant.

The lack of statistical significance may reflect that cost overruns are influenced by many
factors beyond QA/QC including material price fluctuations, currency exchange rates

(for imported GIS components), labor availability, and unforeseen site conditions. Jetley
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(2016) and Rajguru (2016) both noted that cost optimization in construction is closely
linked with quality management, as poor quality leads to increased rework and lifecycle

costs.
Perceived Relationship 4: QA/QC and Project Delay (r = -0.55, p = 0.068)

A moderate negative correlation (r = -0.55) suggests that stakeholders perceive better
QA/QC as associated with fewer project delays. The p-value of 0.068 is close to but
slightly above the 0.05 significance threshold. This is often described as "marginally non-

significant" or trending toward significance.

The near-significant finding suggests that with a larger sample size, this relationship
might achieve statistical significance. Key informant interviews revealed that delays in
inspection and testing (RII = 0.71) were perceived as a challenge, suggesting that when
QA/QC processes themselves cause delays, stakeholders may not see QA/QC as
schedule-enhancing. However, when QA/QC prevents rework, it prevents the larger

delays that would otherwise occur.

4.3.3 Summary of Objective 3 Findings

Stakeholders perceive the strongest and most statistically significant relationship
between QA/QC implementation and rework reduction (r = -0.65, p = 0.005). This
finding is robust and aligns with established literature. Stakeholders also perceive
moderate relationships between QA/QC and progress (r = 0.58), cost overrun (r = -0.60),
and delay (r = -0.55), though these relationships did not achieve statistical significance
at the 95% confidence level. Importantly, the direction of all relationships is consistent:
better QA/QC is perceived as associated with better project performance across all four

indicators.
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CHAPTER 5: CONCLUSION AND RECOMMENDATION

5.1 Conclusions

This study evaluated stakeholder perceptions of Quality Assurance and Quality Control
(QA/QC) implementation in ADB-funded Gas Insulated Substation (GIS) projects within
Kathmandu Valley. Based on survey responses from 66 stakeholders including clients

(NEA), consultants, and contractors the following overall conclusions are drawn:

e From the stakeholder perspective, the planning phase of QA/QC—yparticularly
Field Quality Plans (FQP)—is well established and consistently perceived as
present across all projects. However, the translation of these plans into consistent
field-level implementation shows variability, particularly in ITP adherence and
documentation practices.

e A notable finding is the systematic perception gap between NEA (client)
representatives and contractors. NEA respondents consistently perceived lower
levels of ITP implementation and compliance with ADB/NEA standards
compared to contractors. This gap itself is a finding: it suggests misalignment in
expectations, communication, or standards of compliance.

e Stakeholders identified weak monitoring and supervision (RII = 0.82) and lack of
skilled QA/QC personnel (RII = 0.79) as the top two barriers to effective QA/QC
implementation. These human resource and supervisory factors are perceived as
more critical than documentation systems or digital tools.

e Stakeholders perceive the strongest and most statistically significant relationship
between QA/QC implementation and rework reduction (r = -0.65, p = 0.005).
While QA/QC is also perceived as positively associated with progress, cost
control, and schedule adherence, these relationships are perceived less
consistently.

e The RII rankings provide a clear, stakeholder-informed prioritization for
intervention: (1) strengthen monitoring and supervision, (2) deploy skilled
QA/QC personnel, (3) improve documentation practices, and (4) enhance

coordination among stakeholders.
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5.4 Recommendations from the Study

Based on the stakeholder-perceived priorities identified through RII analysis and the key
findings from all three objectives, the following five major recommendations are
proposed to strengthen QA/QC implementation in future ADB-funded GIS substation
projects in Nepal.
e Strengthen Monitoring and Supervision
o Weak monitoring and supervision were the most critical barrier (RII =
0.82). Project agencies should increase supervision frequency,
particularly for less visible activities such as curing and earthwork testing.
Dedicated supervisors should be assigned for GIS-specific installation
work, including SFs gas handling and equipment alignment.
e Deploy Skilled QA/QC Personnel with GIS Training
o Lack of skilled personnel ranked second (RII = 0.79). Contractors should
deploy dedicated, certified QA/QC engineers who are not assigned to
multiple sites. These personnel must receive specialized training on IEC
and IEEE standards, GIS erection procedures, and documentation
protocols.
e Standardize Documentation and Close Perception Gaps
o Poor documentation ranked third (RII = 0.76), and notable perception
gaps existed between client and contractor. Standardized QA/QC
checklists and report templates should be implemented. Regular joint
audits involving all stakeholders should be conducted at project
milestones to align expectations.
e Establish Mandatory Coordination Mechanisms
o Coordination gaps ranked fourth (RII = 0.74). Weekly QA/QC
coordination meetings among NEA, consultant, and contractor should be
mandated with documented action items and tracking of resolutions.
e Integrate QA/QC into Scheduling and Use Digital Tools
o Inspection delays (RII =0.71) and limited digital tools (RII = 0.66) remain
relevant concerns. Contractors should integrate QA/QC hold points into
project schedules. ADB and NEA should pilot digital QA/QC systems,
such as mobile inspection apps or cloud-based documentation platforms,

in future projects.
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5.6 Recommendations for Future Research

e Future research should compare stakeholder perceptions with objective quality
metrics through independent compliance audits.

e Comparative studies between ADB-funded and non-ADB funded GIS substations
would determine whether funding sources influence QA/QC implementation.

e Longitudinal research tracking perceptions across project phases would reveal
how views evolve over time.

e Cost-benefit analysis of specific QA/QC interventions would quantify financial
returns on quality investments.

e Finally, pilot studies of digital QA/QC monitoring tools in actual GIS substation

projects would provide empirical evidence on their effectiveness.
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APPENDIX A: Questionnaire

Questionnaire for “Analysing Implementation of Quality Assurance and Quality Control
Measures in an ADB-Funded GIS Substation within Kathmandu valley: A Case Study
of Lapshiphedi Substation”

Background Information

The construction industry plays a vital role in the economic development of Nepal,
particularly in the expansion of critical infrastructure such as power transmission and
distribution systems. In recent years, significant investments have been made in
substation projects, especially Gas Insulated Substations (GIS), under the support of
organizations like the Asian Development Bank. These projects demand strict adherence
to Quality Assurance and Quality Control (QA/QC) practices to ensure safety, reliability,

and long-term performance.

However, the effective implementation of QA/QC measures in construction projects in
Nepal remains a challenge. Issues such as inadequate supervision, lack of skilled
manpower, poor documentation practices, weak compliance with standards, and limited
coordination among stakeholders often hinder the quality performance of projects. In the
context of GIS substations, which involve complex electrical and civil works, these

challenges become even more critical.

This study aims to assess the current status of QA/QC implementation in ADB-funded
132 kV GIS substation projects within Kathmandu Valley. It also seeks to identify key
factors affecting quality management practices and evaluate their impact on project

outcomes such as rework, cost overrun, construction progress, and project delays.

The purpose of this questionnaire survey is to collect insights from professionals
including clients, consultants, contractors, and site engineers who are directly involved
in such projects. The findings will contribute to recommending practical measures for

improving QA/QC practices in future infrastructure development.

This survey is conducted as a partial fulfillment of the requirements for the Degree of
Master of Science in Construction Management at the Institute of Engineering,

Tribhuvan University. The questionnaire will take approximately 5-10 minutes to
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complete. All responses will be used solely for academic research purposes and will be

kept strictly confidential.

Section A: General Information

1.

Your organization:

0 NEA O Consultant [ Contractor

Current designation:

[0 Engineer [ Site Engineer L1 QA/QC Engineer L1 Project Manager [ Other:

Primary role in the Lapshiphedi GIS Substation Project:
L] Design & Review

L] Construction Execution
] Quality Control / Inspection
L] Supervision & Monitoring

[ Contract Administration

Years of professional experience in construction projects:

L] Less than 5 years
0] 5-10 years

L1 More than 10 years

Experience in GIS Substation / Power Sector Projects:

[ Yes O No

Experience in ADB or other donor-funded projects:

[ Yes O No

Level of involvement in QA/QC activities on this project:

0] High O Moderate [1 Low

Section B: QA/QC & FQP Implementation

4. An approved QA/QC Plan and Field Quality Plan (FQP) is available at the

Lapshiphedi GIS Substation site.
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5. Inspection and Test Plans (ITPs) are clearly defined and followed during

construction activities.
6. Material inspection and testing are conducted as per approved specifications.
7. Site inspections are carried out regularly by responsible authorities.
8. QA/QC documentation and records are properly maintained at site.

9. Construction activities comply with ADB and NEA quality standards.

Section C: Challenges and Gaps in QA/QC Implementation
10. Lack of skilled QA/QC manpower affects effective quality control at site.
11. Insufficient training and awareness on QA/QC procedures is a major issue.
12. Time pressure due to tight schedules compromises QA/QC practices.
13. Limited resources and testing facilities hinder QA/QC implementation.

14. Poor coordination among client, consultant, and contractor affects quality

management.

15. Monitoring and supervision of QA/QC activities are inadequate.

Section D: Impact of QA/QC on Project Performance
16. Poor QA/QC implementation has led to rework in the project.
17. Non-conformance reports (NCRs) have affected construction progress.
18. QA/QC issues have contributed to cost overruns in the project.
19. Weak QA/QC practices have caused delays in project completion.
20. Effective QA/QC implementation improves overall project quality.
21. Strong QA/QC practices help control project cost and schedule.
Section E: Improvement Measures
22. Regular QA/QC training programs should be provided to site staff.
23. Digital QA/QC documentation systems should be adopted.
24. Clear responsibility allocation improves QA/QC effectiveness.

25. Stronger enforcement of QA/QC provisions in contracts is required.
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1 acteplod lab

S S S s I

al &
__PINGGAD ) GROUP CO,, LTD., China i FIELD QUALITY [ PLAN (FQP)
Ccnm\\aﬂ o P‘w" i, India -
Yt FOPNo. | DOCNG,
| Silchye L — ) o
iPIO‘CC‘ Kamangs Vay Transmission Capaciy | o Pinagao KTCEWFOF/OE
Rein‘orcement Ay ject (KTCEP!
[Dal O‘JSSJe 12.08.201
Vel — |_ noz |
[ - - TV Paged of 27
) " Chodetng " Accepit
Desciptionof | Check N
SN, ! | Mems e Checked | “Tests/Checki fo be done o —————  Counker ChecfTutly withority in
Actisily | | ety . ConsullaniNEA
| | Ageuey Extent o | ConsulianiNEA
2| Materigl 3. Course Aggreg 1. Source appeoval Source niecting As por Contractor Proposed by the Contractor, | To review the proposal based on [k “‘“‘IE-
| l
‘ T$ indicatig the locsion ofthe | he docunenss tppioved,
Quarry and based on he st | the  particulne
| resulis of Joint sahples fesicd quary shall be
| in Consultant accepied lh, used for al the
| . funning - contracts
uadge Yanous
| Fuckiged 4
— —— o e ———— | ["
2. Physical tests As per dosument at | Samples 1o be uken Jointy | Ome sumple per 500 cum or | 100% reyieww of tesi results, Site In charge
‘ Anncxure-3 of this F-3P | and tested in ConsylianyNEA pan thereel for cach source | gy o these 100%  sanpes,
| and sice swnples to be tesied | Consultant shall witncss at TPL, §
. samples sclected at rndom, spread
by eontracor i Consulant during the averall exccution period
‘ | accepiod b, of contrast. .
Savrse approval Souroe meefing As it Contracior il In charge
15 Propnsed By  Contractor,
indicating the location of fhe Once approved,
| e particular
quarry and based on the source shall be
| resuls of oint sl tesied o [ el for al the
| uming conleaes
| | in Corsulant acsepted b, e yarieus
| | Puekaged,
‘ % iy Asper Amesue-to! | Sanplesto b ben oy | ne sangle per $00 cum or | 1004
|
‘ | | this FQP andested in Consull/NEA | part thecof for each souce, | g, oftese 100% s,
| | acoéted lab. Sampts o b tesied by | Conglant shall wingss a TPL, §
. Site In charge
| contrgiorin - Consultant sainples selggted at random, spread
I during the overall executon period
t of coniract, o4l
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FIELD
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e
Valigity RO2
L S— —_— ‘_L_____ —
- B s — e Pagesof 27
—
| | . Accepting
| Tests/Cliveks to be 0 T M
| rems to he Checked Ref. documents . ! Counter CheckTes by Autharity in
dong Agency Extent ConsultanNEA
| ConsultantyNEA
—— _— S —_—
| I Cleanliness. As per TS (Water shaill ac Contrigtor 100% visual cheek al Fichd Verification a1 Site Engincer
| fresh and clean) .
| e — - 1
‘ ‘ | 2. PH Value -Do- Contractor One sample per source | 100% review of the test results Site Engineer
| Ph value nat less th
| 6, Finis As per TS, Contractor 100% | MTCManifacturer cwalogue 10 be Site In charge
Dilferent iems per TS, reviewed hy Consuliant
| e - —_— ]
Conerete Wo
. e N |
) Before 1. Dimension of Dimension & Depth of NI
| | ! Approved Drawings Contrastor 100% at Field, 60% eheck by C i
| | Conereling exeavation, Foundation \ppr B el @ Fiel ‘ 1 check by Consultant, Site Engincer.
S— S R B N | -_— ]
| 2. Stub setting/Seni
of Foundation Bo -Dom =Do- -Do- -Da- -De-
| Embudment's, ele. -
Dingonals |
[ = -Do- -Do- Do~ -Do- by
_ —_—m _— —_
‘ vel of stubs! |
-Do- Do- -Do- -Do- Do~
| | Foundation lols
t ! — - —_—
| 3) Rein forcement Sicel | Placsmont Bar bending schedule - AL least 5%
| | tocniion shall he
‘ ‘ cross verified by
| Site In charge al
| | | Do -Do- undom with
| | | : respect 10 stub
| [ | | seling &  steel
| | i
reinforoement
~ | | .
‘ X | Placement.
R —_— S i._—-____.l_‘__._l

L

___PINGGAO GGAO GROUP CO.,, LTD., China

| [Consultant

| Wo_rks
Project
Date of Issus

Description of

| b Btore
| Concreting
|

2.Conerete Strenth

P"w"r\rd Indiv
Swil hyard Civi' V arks_
mandu Val'ny v Transmission Capacity
‘orcement "“roject (KTCEP

i
.2019
_

"IEX[ rev: ‘IO"‘

Test/Checks (o be

Hems 10 be Chiecked

Refl. documents
dune

Ratio ol mix. portion

Portion {Appl

Submitted by contractor
Design mix.) based on inputs furnish d
by Consultant as per

Annexure-9 of this FQF

Slump test Range 25 mm 10 75 mm

(For concraning mot less | A3 per refer
|
than 1332 6) document at Annex -5 of

this FQP,

| Cubes Compressive
Strengih

{For R.CC) of this FQP

Approval of Design mis

As per TS & Annexure- 5

| Rev.

LONS, Mixgr

Cantractor

Cne sample of 3 cubes for
Casting of cubes al site, | €¥ery 20 Cum or part thereof.
Cubas w be tested for 28 | (Mini, Quy. required for
days’ strengih al | testing is 5 cu, m. for each
ConsultanyNEA  spproved. | day of concrete)

Lab / Consultant Lab/At site-
GiF testing machine installcd
by duly

contractor,
ed by Govt. Lal)

is

0 be taken in presence of

Consultant officinls

Chicek/Testing Aceepting
- J Counter Check/Test by pring
7 | P uuthority in
onsultant
Agency | Extent ConsultanyNEA
e —— \_H__- -w .
Do- Do- Do- Site In charge
-
Contrctor s OF sample per day /

N Pages of 27

2P eheck at random

100% review of b st results,
| Cubes at 100% Jocation are 1o be
token in presence of Consultang

officials.

Site Engincer Out

Normally testing shall be cnrricd

out & the Cube Tesiing Fucility

installed by comeactor al site

| Dremises, in the witness of | Lo
Consultant. Altematively, samples | itnessed st TRL
shall b tested at Consultant | by Consultant Site

approved [abs.

Inthis cose, test results shall be

sent by the Lab, by e mail dircotty

wa Consubiant; Funther, hard Copy
| of Test Centificate shull also be sent

by the Lah directly 1o Consultant

on Postal Address.

Further,  Consultant

Engineer,
+

-
At 5%
sample at random
shall be witnessed
by Site In charge.

least

o witness
| testing on 20% samples and also 1o

review 100% test results,
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FIELD QUALITY PLAN (FQP)

FQP No.

DOC NO. Pinagao/KTCEP/FQPI02

Description of Testw/Cheeks to be

. Aceepting
| Counter Cheek/Test by e
SN | Hrewms tahe Chocked | Ref, documents . p=——— e authority in
Activity | dowe T Consultant/NEA
| [ Extent ConsultantyNEA
—_— { e e —— — e
|3 | oAne Watcring & Ramiming | a) Watering ramming | Asper TS ‘[ Contractor 100% Random Site Engineer |
Concreting for comipaction for compaction. .
Back Filling
|
‘ \ e
|
b) Compaction Test Asper TS Coatractorf Consulisat NEA | 1. One sample of three 100% revicw of Test Results

approved. Lab specimens for S0% of Tawer

location,

b b

2. One sample of three
specimens for 20% of
equipmcr foundation
location,

3. Theee samples for every
Building (The deyeh of

sampling and the locations
shall be decided by Site
Engincer)
e

dIUPV and Rebound Refer Standard Pro: Assessment of compression

Site In charge

Hammer Test for Testing

1th of casted concrete.
CINDT or Core Tests

‘ This may be used in case of

cubes are foiling

on b

PINGGAOGROUP CO,, LTD., China

Consuttant mraed. Indin

Works
. | P Ni ing.
Project hmandu Va'ay Transmission Ca:)acny FQP No DOC No. P 9ao/KTCEP/FQP/2 et
b nforcement Praject (KTCEP)
Date of Issue
MNaidae e = REV.
ooy . o reveon | R0 s = s
e —_ — s iy - Pages of 27
Check/Testi . A
Description of Tests/Checks 1o be > - Countdr Check/Test by ccepting
SN i Hews tn be Cheeked P Ref documents - = Tﬁ = | ¢ nullanl’ in
Activity une “oosultanvNEA
Ageney Exien ConsultanUNEA
S e A — S S |
4| Nrick Masonry
=y o - - — e
1.Dimensional tolorance | As per TS/Enclosed Contractor (samples & be toke; Review 100% of test resuls Site Engineer
Annexiire 6 | Joinly and tested in
| ConsultanUNEA accepred Inb)
e — B T i E— e —a b |
2.Compressive strength As per TS/ Enclosed o -Do- ~do- Site Engineer
|
Annexuse 6
} 3. Water Absarption As per TS/Enclosed Do Do- ~do- Sue Engineer
Annexure 6
| -
| 4 EMorescence B B I e " oo o- Site Engincer
| Annexure 6 | ot b
| m’\!m It Mix = Cemens sand Proportion | As per TS Commctor | 100% Random Site Engineer
|
|
t | I—| e I S |
S. | Stone Musonry - .
— T S 1. Compressive A perTS TIZHPMT- )| Coneactor (smpies o be i One sumple per source random Site In charge
Strength Stone with round ¥
sorface shall not be Joimly and tested i
used ComsuliantNEA accepted loh) [
|
pion | AS perISTI241974. | Comructer (samphes 10 be taken One sample per source random Site In charge
| Stone with rossd
surfince shall not be Jointly and tested in el A
used ConsultmtNEA accepted lab)
| s e — e — |
-
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[ Project Kathmandu Val'ny Transmission Capacity FQP No. DOC NO. Pinggao/KTCEPIFQPI02
- Rein‘orcament I"raject (KTCEP!
EE—— REV. RO2
— = - Page9 of 27
) Cheek/Testing Accepth
Description of TestwChecks v Pl
S.N. . Ttems 19 be Chieeked e Rel. docaments e Chuster Check/Ten by . oAt in
Activity done Agency Exteat Consultant/NEA
| ConsultantNEA
| & |rce N - '
Grade, Thickness, Mun, Completoness 1S456:2000 & As pei Joint laspection by For al locations Joint inspection by Consultant & Site Engineer
‘ Dimension TS & Approved Consulant/NEA & Contractor Colitracior
foundation dwgs
A I |
i Py
Thickness and evenacss | As per TS Castractor 100% Random Site Engineer
Motat/Mis. Proportion | As per TS Contractor 100% | Random Site Engineer
| 1. Terrro Tite 1. Wet Transverse AperISIITR, T | Somplesto betshenjointly and | Ore sample for every | 100% revTow of to vout esuiie. Site In charge
Swrcngih enclosed tesied in ConsulantNEA 10000 viles or pant theren!'
2. Waier Absorption Anoexure-7 aceepicd lab fenchosed Anvesure-?
3. Abrasion Test
| "1 1 Wiser Absorption Asper IS 15622 & [ Samplcs 1o be taken jointly and 100% review of the fest results. Site In charge
A One sample for every 3000
i 3.Vitrified Tiles 2 Crazing Test s tested in ConsulsnNEA tiles of part thereof,
accepted lab. . -h .4
Tmpact Te
impact Test (Minimm quantity of
‘ Strengeh macriat for carrying out
test is 3000 pos.)
Flnkshing Type / quabity felass of Physical verification of | As per TS o Contractor 100% MTCManu(Scturce caalogue To | Site In charge.
mwterinls of | finishing beilding material | Diflcrent iems as per be revicwed
specification
9 st
|
\,?‘{
/"l L4
.
_PINGGAO GROUP CO., LTD., China FIELD QUALITY PLAN (FQP)
[Conrtal'am id, Indin PeE
| k ard Civi' VWorl :
{ Works —{Svitchyard Civil Vorks FQP No, DOC NO. Pinggac/KTCEPIFQP/02
[ Project Kathmandu Val'cy Transmission Capacity
____’ - | Rein'orcement Trject (KTCEP!
Date of Issue 12.09.20
Vaiigt _‘—_El_f‘Eﬂﬁ-"SQ‘ REV. RO2
- . - Page!0 of 27
Chicek/Testing Accepting
| Description of Test/Checks to be Counter Chieek/Test by
SN Ttems 1o be Chieeked Rel. docoments | N o authority in
Acislty dune Ageney Exteat ConsultantNEA oA
S | —— e S
10. | Timber L Timer for Door & 1. Moisture content As per 1S 287 Samples ta be takon joiraly and | One samyple per cu. m or | 100% review of the tost reslts, | LSy 1o pharge.
Window Frauie tested | part thercof (No tesmp
‘ required below I cum.) |
| .
I 2. Flush Doae sty | 1Endimmersion Test | As e TS Samples 1o be taken jointly and | One sample for every 30 | 100% roview of the test reslis, Site In charge.
| Uiciory made) 2. Kofe Test tesied  in ConsullastNEA | shuticrs or part thereof. -
3.Glue Adhesion Test accepled lab (Mini. qry. of shutiers for
' carrying out the test shall
| [ be 26 n0s.).
: 1 ! 4 e
| Aluminum 1. Anadic eonting Coating As per IS 5523, Aspor Contractor One sample for every 200 100% roview of the (et resslts Site Engincer
| Dours TS & approved Kgs or part thereof, )
window drawings. (Mini. Qty. required for
seetiang testing is 100 kgs
-
12, | GS.Uarbed | G.S. fhurhod Wire 1. Visual Chock AsperIS278& TS Contractor 100% Random Site Engincer
Wire 2. Dimensions, Refer Anncxure-7 Contractor As per sampling plan at Random Site Engineer
1 ‘ Weight & Size, of this FQP Ansexure-7
D
|
|
1 1 [ 3 Temitorest, AsperIS278 & TS Manuifcturee’s MTC / As per ssmpling plan st Review of manuficturer's/TPL Site Engincer
| feat
| i zine coating test (Refer Anncxure-7 Third Party lab AnoexT W o
| and ductility test of this FQP)
i
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— ¥ e - FQP No. NO. Pin: TCEP/F!
Project Kathmandu Va''ay Transmission Capacity 9 DOC No. 99a0/KTCEP/FQP/02
e | Rein‘orcement Prject (KTCEP,
Date of Issue 12.09.2012 =
& e = —— REV. RO2 i
Valid ty | Till next revision
— e = Pagell of 27
Cheek/ Testi A
Description of ‘ Tess/Chiecks to be o Counter Check/I'est by oo
SN i | |1 1 be Checked & Rel. e " NE authority in
Activity ane " onsultan/NEA
Y| Ageocy Exteat - ConsultantNEA
ard Earthing
1. Chock five domemiom Mhysical Check As per TS & Appeon Contracior 100% T Random Site Engineer
cantha Dwgs
| SR — e |
‘ | 2.Duph of excan 1 Physical Check As per TS & Appron 8 Commcior 100% Random Site Engincer
| Dwgs. |
| 3.Check: for weld jout and | Physical Check As per TS & Appron % Conteacion 100% Random Sm'ubﬁeer
‘ Saticarrasion treaiment Dwgs
M. | Site Surfacing
| Llevelling: Level, height I Vl’n,\u;.xl Check As per TS & Appror % Contractor 100% Random Site Engineer
| & evenness Dwgs. b
2S0il sirilizotion Physical Check Asper TS & Contractor 100% Random Sue Engineor
Spraying of chemicals Manafacturer Y )
recommendations
Asper TS Jomt inspection by 100% *Random Site Engineer
consuManUNEA and contractor.
| h;Tm m heick ; grey mi Geading As per Anncx. 8 Samples to be tuken jointly and | Sample per S00 cu.m. 100% review of lub test rosult Site Engineer
of neminal size 40 am tested in Consuit ANEA
necepied lab
4.20080 1nen stone Grading 15 3832016 & Aspre | Contractor & Consultant/NEA | | Sample per lot for 500 100% review of L test report Site Engincer
.k
agyreziiet s nccepicd 1ab, cum. of part thereof from
each source of each size
Loy - = e — =
LY
___PINGGAO GROUP CO., LTD., China FIELD QUALITY PLAN (FQP)
| Consultant Powerarid, Indin . 0 ==
| Works § hyard Civil Works -
e [ . ; 2
[ Project Kathmandu Va''2y Transmission Capacity FaP No. DOC NO. Pinggao/KTCEP/FQP/02
e Reinforcement Prject (KTCEP)
| of Issue 12.09.2019
12, ~ 01 .
Validty Till next revision = REV. R02
— = Pagel2 of 27
" Check/Testing T Accepli
| Deseription ot Teuts/Checks to be Counter Check/Test by e
SN ‘ Ak Ttems 1o be Checkod . Rel. documents aithority In
i 4 one 3 ConssltuntNEA
[ Agency e ConsultantNEA
Electrieal Check Asper TS Contractor | Sueple of stone from | 100% review of Isb test report Site Engipeor
o
| each soure(in case stone
| we supplied from more
" ‘ than one source) |
| [ 6.Compicted i Mhyyical As per TS & Approv 38 Contzactor 100% Random Site Engineer
| | 20040 oy siooe Iaye Dwgs. o
pplicable e
IS | Rowd (WO lnyers)
| Stuteriat A Coar o 1.Souree approval Source with malerial . Contractor Proposed by the | To review the proposul hascd on Site In charge
mecting TS Coatrastor, indicating the | the documents
location of the quarry sl
based 00 the test results of b
Joint samples tested in
OWNER scoepted lab,
2 Physical tests As per docurment st Saumples to be takon jointly and | One sample por 200 cum | 100% review of Iob fost results Site In charge
| Anncaure-§ of this F ¢ tested in Consultant/NEA or pan thereof per source
upproved lab, (Minl. Qry. required for .
| testing is 100 cu i)
B. Stome Screcaing ot
i T | 1 Sowcepprordl Source with material ¢ Contracior Poposed by e | Toroview the proposal based on Site In charge
mecting TS Contractor, indicming the the documents
| Tocation of the quanty sl
based on the test results of »
| 4 Joint samples tested in or b

Consultant accepted lab,

53




__PINGGAO GROUP CO., LTD., China FIELD QUALITY PLAM (FQP)
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| Works _Switchyard Civil Works |
Proiect Katnmandu Val'ey Transmission Capacily FQPNo. | DOC NO, Pinggac/KTCEPIFQPI02
L% | Reinforcemen: Tinject (KTCEP
of Issue 12.09.201 ) D
| Valic'ty | Ti' naxt re, -
LIt S - 1
— y Page)} of 27
be Check/Testing -
Rel, documents B | CounerChicckiTest by ..:\Ichmll A
' _ Ageacy Extent ConsultansNEA ConsultantEA
T e S
As per document at Samples to be taken jointly and | One sample per 200 cum 100% review of Iub test resulls Site In charge
Annexure-8 of this F P tested in ConultanyNEA o port thepeol. -
Sccopied |ab. (Mini. Quy. required for _—
testing is 50 cu.m.)
C. Binding As per document at Conracior One sample per kot af 2% 100% review of lob fest results Site In charge
Annexure-8 of this F JP cum, or part thereol, -
(Mini. Qry. required for | .
[ testing is 25 eu.m.)
- — | — | - - — - |- ——
D, Luying of sub hase Mhysical cheek As per TS Contractor 100% Random Site Engineer
Course
E. Laying of base Course Physical check Asper TS Contractor 100% | Random . Sitc Engineer
Deuin T
[ o | Alignment snd swven level | Physival check s per TS & Appron 4 Contrastor 100 Random Site Engineer
Dwgs. |
-
b b
-
!
\ -
‘
_PINGGAO GROUP CO., LTD. China FIELD QUALITY PLAN (FQP)
[Consultant ___| Power Indiy_ = .
Works Switchyard Civil Works
= ER—— 2 s R e Do —eed N s it
[ Project Kathmandu Va''ny Transmission Capacity FaP No. DOC NO. Pinggao/KTCEPIFQP/02
Bl Rein‘orcamert Project (KTCEP) |
Date of Issue 12.00.201% REV.
! L. - : —_— 1
[Vatigty Til next revision ) | = o2
Pageld of 27
+ * Mwhexel
i ” i (Sheet 01 of 03)
ACCEPTANCE CRITER A AND PERMISSIBLE LIMITS FOR CEMENT .
— S —— OV - “n .
ORDINARY PORTLAND CENENT
Ordinary Poctland Coment 33 grade as Ordinary P -thand Cenicnt [ Onlinary Poriland Cement
%A
S. NameoftheTew || per 18 269 A3 grade vs per 1S 269 53 geade ns per 1S 269 > Remarks
= - - 1
W | Physical tesn | T be condusted in Approved. Lab
Sosrl | e } —— |
Specific surfacy Specific surface area shall noi be less than | Specific surfhe area shall not be less than 22§
28 sy per K 225 sgm. per Kg or 2250 Cmi2/gm | sam. per Kg o 2250 Cmd/igm.
) Fimeness OR | OR Dinine’s air permeability method as per 1S Standard
The retaied weight shall not exceed 10% | The retained weight  hall not exceod 10% | The retained weight shall mot exceed 10% of
of Totih izl of Total weight Total weight .
722 1 hoar : Not fess than 16 Mpa (16 724 1 hour : Not ke than 23 Mpa ( 23 724 1 hour : Not loss than 27Mpa (27 :
(W | Compressive sirength \:,.“m: 1 : Not fess than pa ;“mm:;m ot bes than pa ( ;mm'\]o1 joss than pa (. As per IS Standard .
howir : Not less thom 22 Mpa (22 168 % 2 hour : Not I¢ 5 than B3Mpa (33 168 & 1 howr : Not less than 37Mpa (37
Nmun') Nmm?®)
6724 4 hour - Not less than 33 Mpa (33 6724 4 hour : Notfe s than 43 Mpa (43 | 6724 | hour : Not less than 53 Mpa ( 53
N/mm2) Nimev') | m')
e — T e — CRC
(iiy | Inicial & Fioal sctting it sciting time ; No less than 30 nitiad sctting time : lot less than 30 Initial seiting time ; Not less than 30 minutcs | As per 1S Standard
time minuies minies
wnad
g thve - Not more than 600 .',,u:."‘l,;:"mg time : Not more than 600 Final setting time : Not more than 600 minutes | -do-
| -
| — o s
Unacraicd cemcnt shall not have an | Unacraicd cement shall not have an | Unscrsied cement shal not have an cxpansion -
(iv) | Somdness Aapamsiat of work Ui 10mm when tesied | expansion of more 11an J0mm when tested | of more than 10min when fesiod by Le | Le Chatlier nd Astoclave st as per IS Standard
by L& Clutlicr innd 0.8% by Autoclave seat, | by Le Chaslicr and 0 $% by Autoclave test | Chatlicr and 0.8% by Auoclave test,

. Anaex-1
(Sheet 02 f 03)
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| Date of Issue 1 12.09.201

— REV. R02

Til next revision

T . = ol Pagels of 27
| s.n. Nime of the Test ' Ondly W33 grade as Ordinary Po sland Cement \
. )

y Porthand Cement
3 grade as per 1S 269 Remarks

| - B

43 grade s per 1S

| Chemieat | Review of MTC anty
—t — — — - e —
|
a) Ratio of perce tage of firre 1o ) Ratio of percentage of i
| percontage of ilica, aluming & irom peroentage of si )
' oxide 0.66 10 1,02 oxide 0.80 1o 1.02%

———c —— i =t S —_—— ] == =
‘ [ Ratio of pewomsge of stsriias to &) Ratio of perce tage of alumins to ) Ratia of percontage of aluming to tht 2
Ut of b oxide Minimum 0.66% that o iron ox de Minimom 0. 66 ‘ of iron oxide Mimmum 0.66%
! \ !
) Insaluble residoe, perceatage by ) Insoluble resicue, percentage by ) Insoluble residue, percentage by mass
[ s My, 4.00% mass Mavx, 270% ‘ Max. 2.00%
| S— | e m N S — —_— _— —k"—’_"
) percemnge by massMax. | d)  Magnesia pets snfage by mass Max
% 9 A
e ———k e N — -
| - ""\‘é‘);‘l‘:"‘:‘l“"““‘ ‘ Q9 ':‘I"," """:": ‘l‘:::f"[‘:’)"""““‘" ©)  Total sulphur content calculated as
i q | i nont oy, S sulpharic anhydride (SO.), percentaze -
| percentage by mass aot morc than by nass 6ot 1o than 2.8 ad 3.0 when
2.5and 3.0 wi en tri-calciom : de
rcent by mass is $ o fe per ent by mass is § or erasmmol e perecat by mins i
cr i § respectively fess and greau r than § respecively 20risseand greucy than S rspectinely
—_— — e E— |
| N Total loss om ignition shal not be more | 1) Tota! foss on ignite yn shall not be more ‘ ) Total loss on ignition shall ot be mere dhan |
| than 5 purcent | than § percent § percent
|
L
,-\,Fj
_PINGGAO GROUP CO., LTD., China 7 FIELD QUALITY PLANM (FQP
Th_Cc"mVI'a"[ & __| Powerarid, !'n iy |
Works Switchyard Civi' Viorks |
— ivics = FQP No, o] -
Project Kathmandu Va' 2y Transmission Capacity QP No. DOC No. Pinagao/KTCEPIFQP/02 wi: 8o
it Rein‘orcement Praiect (KTCEP) |
- i ¢ o8 LS 1 IS — —
Issue | 12.09.201% e RO
- Till next p 2
= Pagel6 of 27
Awmnex-1
T=== S ——— - Sheet 03 of 03
SN, Naume of the test l' Remarks
2. | POZZOLANA PORTLAND CEMENT AN IFR 1S 1459 -
| m | Physical Tests 0 Vs

8) 722 1 hour: Not k ss than 16 Mpa (16 Nimm?)
by 16842

Specific surface arca hall not be less than 300 sqm per Kg. or 3000 Cm/gm '
|

our: Not ess than 22 Mpa (22 Nlmi")

€)672 % 4 hour : No less than 33 Mpa (33 Nimm?)

Tuitial seting time: Mot less thas 30 minstes
W) Initial & Fisal setting time

Final setting time : N 3t more than 600 minutes

) Soundmess Unacrated cement sh i not have an expansion of more than [0mm 1Le Chatlier test and 0.8% by Autoclave test as per |S 4031 (Part-3) Y

“h
} t— - —
| b | Chemical Compoxis
ot

I P T s e T

" < by mass Max, 6% Review of MTCC only

o -

’ | B Imaluble material, percentage by mass x + 4 (100-x)/100 whre x s the declared % of pozzolana in the PPC ~Do-
| - { — - -~ S
| '

€} ol sulphur content calculsted as sulpurse anhydride (SO,) rerceniage by mass not more than 3.0 -Do- o2 L
| — —
‘ Total loss on ignitan shall not be more than $ percent
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blle of Issue

[vaiy_

| Phosphorus
e

Sulphur & Mosphorus

a}  Tensile Strength Minimum

FIELD QUALITY PLAN (FQP)

¥ Civil Works
Kathmandu Va''zy Transmissbnmy—__' FQP No. DOC NO. Pinggac/KTCEPIFQPI02
Reinforcament Mroject (KTCEP) |
— REV RO2 e
| -
Pagel7 of 27
Anmex-2
ACCEPTANCE CRITERIA AND | ERMISSINLE LIMITS FOR REINFORCEMENT STEEL -
ASPERL 1786-1983 Edition-4.3 (20941,
Nume of the Test Fedls ) Fe 500 (LA
Chemical Annlysis Test
Carbon 830 Perce st Maximum 030 Fercent Alaximum

0060 Pereost Matvioiwm

04155 Percemt Maximum

0.060 Peree 1 Maximun

BOES Percont Musimum

Wil Peree it Maximum

0105 Percent Masininm

10% more han actual 0.2% proof siress bul not less Uhan 485

% more than actual 0.2% proof stress but not less than 545 idg mm

N/Sq nm.
b 0.2% of proof stress/Yicld siress. Mirinium, Nimm * 415 500
= = e - <
| €) Elongation percert , Miniman 145 12
N —— - . — T — W
‘ i) Head & Ite bend Tests Pass. Pass.
i -
»
. 0
S|
P
R 5 T
___PINGGAO GRO FIELD QUALITY PLAN (FQP)
| Consultant i ]
Works Switchyard Civit V
K. ¥ L1 - P ine
Project Kathmand:: Va'ay Transmission Capacity FQp No. DOC NO. Pinggao/KTCEPIFQP/02
L il ___| Rein‘orcament Project (KTCEP) | -
Date of Issue 12.09.2019
Vaiid Till next rev'sion ] REV. RO2
SLL Lk
Pagel8 of 27
5 < ) Annexd
ACCLPTANCE CRITERIA AND PERMI 3SIBLE LIMITS FOR COARSE AGOREUATLS ASPLRIS 383
e S —— — — i i S— .
3. | Coarse Agg
facsid — - . - -
i) | Physical Tesis "3
} 4 e — ——— e —
) Det wion of IS Sieve % slng for § . pgreg:
‘ ool b3 Now el ooty o e, gt Perccntage Puxsing for grades Aggresate of Nominal Size
Won | 0mm | t6me 25u0 | t0me 40 mm 20 mm 16 mm 125 mm
63 mm 100 = . ) - - = =
40 wm £$10 100 100 - - - 9510 100 100 - -
20 mm 01020 8510100 100 . 1070 9510 100 100 1ot hes
16mm - - 8510 100 . - - 90-100 -
12,5 mm T - - - 8310 100 100 - . 9010 100
10 mn | Ows 01020 Olo3 Ot04s 8510 100 101035 25w 88 =300 70 4010 8s
4.75mm - 00s | ows 0w 10 01020 ows Om o 01010 0110
i e i A S
236 mm - : - - ows . .
:v e Combincd Flokmess Tndex nod [‘Lmylin’\ Not to exceed 40%
—t— —— (N e
¢ Crushing Value Notto exceed 45%
4 Presence of Deletcrious Material Total presence of dolcterious matcrials rot 1o xeeed 3%
©  Handness Ahrasion vale not more than S0%, [mpact v. lue not more than 45%
L m.’:‘*’l T“: (For concacie work Subloct | {roc e testod with soam sulphate and 11% when tosted with mgnesium sulphate
i
i ex-4
I 3 el
1 A S ke
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PINGGAO GROUP CO., LTD., China FIELD QUALITY PLAN (FQP)
Consul*ant TD\L fid, 'ndin B
Works | Switchyard Civi! V/orks :
Project Kathmandu Va''ay Transmission Capacity FQP No. DOC NO. Pinggao/KTCEPIFQP/02
i P

‘Date of Issve

___| Rein‘orcament -
| 12.03.2018

{TCE

[Valid ty | Till next revision REV. RoO2 3
i ; . i Pagel9 of 27
ACCEITANCE CRITERIA AND PERN USSIBLE LIMITS FOR FINE AGGREGATES AS PER IS 383
4. Fioeaggregates
)| Physical Tests Perceatage Passing for Graded Aggregate of Nominal Size
et e - 1S Sieve Dex ignation an ot |
a)  Detorminntion of Muticle Size FA. Zone l F.A\ Zone 11 FiA. Zooe M
—_— — - — N——— = b b
| 10mn 100 100 100
4250 m 90-100 90-100 - 90-100
— —— -
| 236nm 6095 75100 85-100
1
LISnm 3070 5590 75100
600 mic oas 1534 3559 60-79
! 300 mi roes $1020 81030 121040
150 mi rons 010 010 0-10
b)  Silt Comteot Not to exceed 8% Not 1o cxceed 8% Not 10 exceod 8%
— -
l <) Presence of Deleterious Mierinl Total presence of de/ stetious maserials shall sol exceed $%
— — o
‘ @) Soundness Applicible (o Concrese Work Subject to Frost Action 10% when tested wit 1 sodium suiphate and 1% when tesied with magnesiom solphse o
v
; -
-
'
. . s
__PINGGAO GROUP CO., LTD., China FIELD QUALITY PLAN (FQP)
‘t_Co_nsyI{a'\l | Powergnd, Indin o
Works Switchyard Civi' Works
—_= - 4 ~ "
[ Projec Kathmandu Va''ay Transmission Capacity FQP No. DOC NO. Pinggao/KTCEPIFQPI02
=Y | Reinforcement I'r~ject (KTCEP
12.09.20
| Till next res REV. Ro2 b
Page20,qf 27
s LA

ACCEFTANCE CRITERIA A D PERMISSIBLE LIMITS FOR CONCRETE WORK

» Conbives N Worohiiy Stur 9 shall be recorded by shump cone mefhiod wad it shall Between 25:78 man, depending upge workability requircment ss per IS
| 436. 2000, reaflirmed 2016
| For Jesign mix as per 15:4356 for Grade M1S or shove.
h)  Compressive sirengih For wmina) {volumetric) concrese mixes compressive strength for 1:1.5:3 (Cement ; Fine aggregases : Coarse egpregates) concrete 28
a1 strength shall be min 263K g/cm® nnd for 1:2.4(Cement: Fine Aggregite: Coarse aggregnie) nontinal mix concrete 28 days
stre1 gah shall be min 210K glem”.
Noses: .
1) ACCEPTANCE CRITERIA DASED ON 28 DAYS COMPRESSIVE STRENGTHS FOR D3SIGN MIX CONCRETE: As per clsuise 5.4.10.4 of CPWD Specifications, Volune |
@) The avenge of the strength of three specimen be necepted s the compressive st ength of the concrete provided the strengsh of any individeal cube shull ne iher be less than 70% nor higher than 130% of the
sposificd strength.
(b) 17 the sirengih of any indivisiual cube exceeds more than 30% of specified sircogt), ik will be restricted o 130% oaly for compuation of streagth.
(€)1 the nctun! average sircngih o accepted sample i equal 10 o higher than specifi d strengih upto 0% then strength of the concrete shall be considened in order nd (he concrese shall be acoepted at full rates.
() I the actunl avernge renglh of accopied sanmiple is less than apecificd strengrh bt not less than 70% of the specificd strength, the concrete mury be acoepicd ot reduced rate sfies reconflinnation by NDT/Core
test on the location paction npresenied by the cube samples
(€)  I7the actuil average sirengih of accepied sample is less than 70% of specified sty ngth, the Engineer-in-Charge shall reject the defeetive portion of woek represenied by sample and nothing sholl be paid for the
rejected work. Remedial mcirees mecessury 10 retan the Structure shall be taken af the risk and cost of canductor, 1f, however the Enginecr-in-Charge so desires, ho may order additional tests i be crvriod dut
10 macertain iF the simetiire ¢ b retimed. Al the charges in conncction with the « additional tests shall be bome by the contractor,
Y
2) 3 Grade cement sholl b used aflcr obtining specific approval of the Engincer in charge ’
3 Portluml slag cemcnt conforming w15 4552018 my be used as per Technical Specification
4) Al Design Mix Concrete shall be as per 1S 456,200, renTiemed 2016,
$) ACCEPTANCE CRITERIA BASED (W 28 DAYS COMPRESSIVE STRENGTHS FOR DESIGN MIX CONCRETE: As per Table-11, Amendment No, 4 of IS 456:2000 25 given below: Note sheet reference mo,
CCAQACLAMIX datvd 03/12/1 approved by Competent Authority.
r .
Specified Grade Case No. | Susuplig Aczeptunce eriteria for Mix Design as per 1S 436:2000 Remarks
N Shdl greater tiom of equil ta 1K +0.825 x establishod standard deviation
M of Growp of 4 non-overlapping consecative test (o mnded 01T 5o nearest 0.5N/sg mm)* ‘
M 15 and above Al e O 2 ek =3 Nisq mm .
Fee: +3 Nisq. mm, whichever is greater, |
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[ Powsrond, indis —

[ Cons
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T ar FQPNo. | DOC NO. Pinggao/KTCEPIFQP/02
-

1 | REV

T —
Page2| of 27

A2 Jividust 109 result out of A | | o (fek 3) Nisq s Out of four mon-ovedanping consecutive sest results,
| anc individual test result only
= = S - i = - : 2
o of ety
B v I b + 4, Nisq aun, minimu

e

dividuval test results only
- 4 — —_— - ——— e
Cl ‘ w " W sample 1 y one. ol ~ 4, Nisq mm mmnmom
— — e — —— — - ———
* Established v I} USHT n w determined bused on Note of Table-11 of 1S: 4%¢
Ansex-6
. (Sheet010f02)
R
- -hst
-
t

SAMPL NG PLAN FOR DRICK-WORK

PINGGAO GROUP CO,,LTD., China o FIELD QUALITY PLAN (FQp)  *
Consultant Pow |

ranid, Indin —
insmission Capac:

(KTCEP) |

e | [ REV RO2

Works

FQP No, | poc NO, Pinggao/KTCEP/FQP/02 |

Project

o . Page22 of 27
nd pormissivte it i ¢ yisnd 0d dirn al charaste stics, As pet IS Standaed
e = T = 2 S _—
No of Bricks in the lot For clinracteristics specified for individi o' bricks I For Dimensional characteristios for group of 20 bricks- No of bricks to be selected
No of hricks 1o be selected ‘ Permissibie r y f efective in the sample f o o o
[ . @ 7
2001-10000 20
[ ootasm =
1500150000 50

-
Note: Far a particular work where less then S000 wos, of bricks are 1o be used, only visw f eheeks ar¢ to be done.
Scale of s moliog for physical charncteristics
7 Lot size B Tr g size fr compressive streagth water ;r->;.;» u: and cfﬂmr;tn(f [ Perminilile No (.;JA l.u.\e:.;, eMorescence
m ‘ @ 3 )
200110000 ) s [
== —= —_— e
100013 10 o
— ——— — = S { — - et}
35001-50000 15 I
= —— — 5 — ey
r -
|
‘.l. )
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FIELD QUALITY PLAN (FQP

- TFHFSMWY FQP No DOC NO. Pinggac/KTCERIFQP/02 .
[ reee - : mUrjectKTICEP) ~ ~ | o .
Date of Issue 12.05.2013
| Valia y T | next revision o - _" N iEV'_ _-R_UZ_ o
Page23 of 27

Annex-6
o ¥ -E
(Sheet 02 0r02)

ACCEPTAR .E CRITERIA FOR BRICK WORK,

R
1) Dimensional Tolersnces: The dime s of madidar/ Non modular bricks when tested shall be withi+ the & oW iy s per 20 bricks. -
e S — = - —_—
SN DESCRIPTION | MODULAR BRICKS KON-MODULAR BRICKS
1 LENGTH | 372 100 358 cm (3804 8 o) | 43210 468 cm (430 £ 18)
_— | N ——— e SN [ E———— - —e L e ——
17610 184 om (1804 cm) |
H WINTH 2130 B em 222+ W)
e | S —— —
3 HEIGHT (18024 e | 13
| | e S
2) Compressive swergth: the bricks shall have

average compressive strengh as speci

PV CONTRACT TECHNICAL specification, The compressive strengih of any individual brick wesied shall not il below the

min. aveeng

spec

ding ¢lass of brick by more than 20%. in ¢ sse compressive strength o

y individual brick 1ested exceeds the unper

b etass of baicks, ihe same shall b limited 10 upper limit of the class a5 ‘pecificd for the purpase of calculating the averge compressive strensih -
3) Water ahsorption: The average water absorption of bricks shall not be more than 20% by weight,
4) EMorescence: Th: raing of ¢ Morcscence of bricks shall not be more than moderats. S
PINGGAO GROUP CO., LTD., China FIELD QUALITY PLAN (FQP
[Consultant [ Powararid, Indin__ ) = — =AY PLAN ( )—-——-—____l
| Works ) - 1 . T et |
Project I Va''ny Transmission Capacity FQP No. DOC NO. Pinggao/KTCEPIFQPI0Z |
e Rein'orcement “roject (KTCEP)
Date of Issua 12.09.2015 S — 1 -
[Valia by L_ sian - T - - 1 REV. | RO2 |
- o i - Page2d of 27
Annes- T(Page § of 1)
TEST! 90 FOR TERRAZZO TILES
As per 15 Stmdard
o

SN, Frequency of Testing |

Quantity af Materinl for
arrying Ot Test

-

0 k. o part thereol for ga

all sizes from sl manufscturcrs used in a work

!
. D
TABLE - | SAMP! ING FREQUENCY FOR BARDED WIRE
s S = S —_—
SN, NUMBER OF REELS IN TIHE LOT NO.OF REELS TO RE SELECTED FOR SAMPLING
| -

I UPTO 28 3

x| 6T050 P wn b

3 5170 150 5

1 170300 7

| .
5. | 301 AND ABOVE 0
-

\ TABLE - II: ACCEPT \BLE TENSILE PROPERTIES AS PER IS 278
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[Consultant
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vergrid, Indiy

—

FIELD QUALITY PLAN

(FQP) _

" e —— = e —
! Works Switchyard Civ ks bt
- S - - —_— i =
Prolect Kathrandu Val ~y Transmission Capacily DOC NO. Pinggao/KTCEPIFQP/02
| J = Rein'orerment "roj TCEP)
Date of Issue 12.00.2013 _
| Validty Till next revision RO2
Page25 of 27
e — —_— e == .
e —— —_—
S NO. TENSILE STRENGTH ®
SIZE OF LINE WIRE (MA1) CF LINE WIKE MINIMUM BREAKING LOAD OF COMPLETED BARBED WIRE (KN)
e e B e S NSO
, e ——
250
' 39070 590 ’ 32
3]
2 I0TO $90 30
Anvexure-§
Poge 1 of 2
PUYSICAL, REC LIREMENT OF COARSE AGGREGATE 4
arhed
e [_ —_— —_— e ——
S. No. Type of Construction, Type of WAL ‘ Test Method Requirencats
Los Angeles Abrasion | 15:2386m1. 1v)
' Sub-base Value or Aggsegate 152386 (Pt 1V) 50% mux
Impact value 18,5640 - 0% mw
IS386M 1V) I S0% max.
1S:2386 (M. 1V) * 40% max
2 Base tmpact value 15:5640™
—_—| I c_ D) Fiokiness Index 1S:2386 (1) “15% max
i 21 Los Angeles Abrasion Value A 0% ma.
3 :."): or Aggregate Impact value 5 :‘,’::“,fl oo B 30% i
Ce b) Flakiness Index AR MBS n.D 15% max
' Dinding Matcrist Masticily index 1S :2720(M V) Less than 6
* Apgregates may sstisfy requircments of either of fhe two tests.
"The requirements of flakiness index shall b enfivveed only in case of crushed/broken stone and crush s slog
*Aggregates like brick metol, kankar and Tnerise which £t sollencd in prescnce of water, shall be tes: ¢ for mpact value under wet conditions in accordance with 15:5640.
coven b
Annexure-§

Page 2002

__PINGGAO GROUP CO., LTD., China
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Works | Switchyard Civs lorks

Project Kathmandu Va"cy Transmission Capacity
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Date

2.03.2019

[Validty

GRADING REQUIREMENTS OF COARSE AGGREGATE FOR W.0 M (As pr (S Standard)

FIELD QUALITY PLAN (FQP)

FQP No.

DOC NO. Pinggao/KTCEP/FQP/02  *

RO2

" Page6 of 27

‘ S — ——
Grading No, | Size Runge Sieve designation % by weight passing the sieve
- o
—— R | R 1
S0mm 10 4$mm 9mm 90-100
' (s for 1 hase courses of compacted layer of not less than ' Gonn | 2560
' » 0-15
—_— e — { 0.5
= 100 CRA o
90-fbo
2. 63mim 10 45mm 2578
0-15
— —— = . 0-5
100
95-100
3 $3mm 10 22.dem 6390
0-10
—— — 05
4 | Sereening v
- { —e — =
2
:? s 95-100
£ 15:38
5.6 mm o35
180 micron
SRS .
100
2
112 mm 100
B)112mm $.6 tam 1538
180 micron *
-k
Genernl Notes: -
)] This standard Field Quality Plan is not 10 Vimit the supervisory chocks which are otherwise 1 quired o be carried out dueing excention of work as per drawingu/Techwical specifications otc
2) Conteactoe shall be responsibli for imptewenting/docomenting the SFQP. Documents shall “ handed over by the contractor to OWNER afler the complition of the wark
3 Projest in charge means aver all inchary: of work. Site Incharge means incharge of the Site. Site Engincer means in chinge of the section. -
> ‘
4) n case of deviation the appeoving vutlhvity will be one step above the officer designated fo- seceptance in this quality plan subject to minimm Jevel of Sie in chares
Site Engiovers resoansibility my be alkated 10 Site JIE, with the approval of Regional b 1, only I such cases where, Site Engincer is nat in position
5) Acoeptince criterin i permisihie liunis for tosts are indicated In the Annexures, Howeve:. for furthcr derailvhests CONTRACT TECHNICAL specification and relevant Indisn standards shall be refeered.
6) Tests as mentioned i this FQ! 1 gevrally be followed. However, E1LC. reserves the rig I 10 order sclditional tests wherever required sccessary ot the cost of the ageocy.
7 Al counter checks/iesis by OWNIR shu'l be carried oul by OWNER's officials a least at l ¢ hevel of Siie Enginecr
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| Consu o Powargrd, Indis -
| Waorks __| Switchyard Civil WWorks

. Kathmandu Va'~y Transmission Capacity
| Project Rein‘orcement “roject (KTCEP,

| Date of Issue 12.09.2019 N —
[vaiicty Til next revision

8 Main producer of
STEEL, 1SCO, JSPL, 1%

" Whesever CTD hart (Fe-415) are spesi for reinforcement sieel, TMT rein
CTD bars.

1] Accepting Authority for testing

m Mobile testing Labs awncd by 1 1

12) READYMIX CONCRETE (RMC) IS
shall be as por 1S 492621

iion 10 be %

o by the purchaser (clause 7)

i} Information 10 be supplicd hy ihe prosiicer (clause §)

i) Sampling For concrete sirenpth shaukd he

(k)] Epoxy soating on 1o

it steel wiv

red shall be done as per IS 13620,

T4} Refer CPW D Specification for seins ned ing i this SFQP for mandaiory testing

15 A source of matgraal for aggrepsic feourse & finch, bricks, musonry stone, structursl steel 2 s cement once
there is no change in quarry, supplicr simeg,
16} Al the charges in connection D1 Ciwre Tests shall be bome by the Contracior.

el i
v/ 1hind

17 In case Rewforcement Saeel is pr

n other approved ma
yard and wilness bests al (heir 1

15 Cement is 10 be us
monihs, 1 cem
provisions in IS 40

forcement sl el arc accepiable if the physical, chemical & Meeh

i Facilities meet ' ¢ testing requ

sel of 3 nas, of cubes for every 20 cu.mor sar thercof for each day of concating

Facturer father than mai producers), as wentlon
party lab. {TP'L) approved by Cwner, as per IS: 785 (latest rev isiom).

ielivered fi.c. First in First Out). Cement bought to works shall not be more than 6 weeks old from
fin use ond shall be rejected, if i ads (o conform tc any of the requirements gj

anpeoved manulaciurer (1o be appraved by owner) who
" producer’s web site or cemtified by the main producers,

rements and the testing equipments are properly ealibenied aubject to

ABLE FOR USE. HOWEVER, SITE INCHARGE STIALL APPROVE THE SOURCE OF MATERIALS TO BI: USED FOR RMC The

approved for a work in the projest site, sam

iven im the relevant Indian Standard, Cemen shall be packed in by

FIELD QUALITY PLAN (FQP

FQP No. DOC NO. Pinggao/KTCERIFQP/02

REV.

PR 1

Pagel7 of 27
are: wing Dillets of Main Producer i.e. SAIL, RIML, TATA

anical properties of TMT reinforcement meet the minimum requircment of
-

spproval of preject in-charge,

documentution 10 be maintained

and 28 days compressive streapth shail be tested i line with 15:456

e shall be considered as an approved source for other warks also, if

ed in compendivm of vendors, OWNER shall seleet the sanwples from offered lot at thewr Mctory / stock

he date of masuiftire. in case the coment remains in storage Fo[ yione ghan 3

ags and stored in accordance wilh the
-h &k
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Appendix C: Checklist

FIELD OBSERVATION CHECKLIST (Civil Works - FQP Based)

Project Name:
Location:
Date:
Observed by:

. General / Pre-Construction

SN Item Yes Mo Remarks

Approved drawings available at site

Latest revision drawings used

FQP / ITP available at site

| B | || =

| |
| |
Method statement approved | |
| |
| |

Equipment calibration records available

. Material Quality - Cement

SN | Item Yes No Remarks
1 Approved brand used | |
2 Stored in dry condition ] ]
3 Mo lumps present | |

Material Quality - Aggregates

SN | ltem Yes No Remarks
1 Clean and free from impurities | |
2 Proper grading maintained u |

Material Quality - Reinforcement Steel

SN | ltem Yes No Remarks
1 Correct grade used | |
2 Free from rust/oil | |
3 Proper storage above ground | |

3. Reinforcement Work

SN | ltem Yes Mo Remarks
1 Bar bending as per BBS ] ]
2 Spacing as per drawing | |
3 Lapping length adequate | |
4 Cover blocks provided | |
5 Binding properly done | |
6 Inspection Request (IR) raised [ | |
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4. Formwark

SN | Item Yes No Remarks
1 Alignment and level correct | |

2 Supports and bracing adequate | |
3 Mo leakage gaps [ ] [ ]

4 Surface cleaned [ ] ]
5 Release agent applied [ | |

5. Concrete Work

SN | Item Yes No Remarks
1 Mix design approved | |

2 Proper batching method used | |
3 Slump test conducted | |

4 Cube samples taken | |
5 Proper vibration done | |
6 Layer thickness maintained | |

6. Curing
SN | Item Yes No Remarks
1 Curing started timely | |
2 Proper method used | |
3 Duration maintained | |
7. Earthwork & Compaction

SN | ltem Yes No Remarks
1 Layer thickness controlled [ ] [ ]

2 Moisture content checked | |

3 Compaction test conducted | |

4 Test frequency as per FQP | |

5 Required density achieved u |

8. Masonry Work

SN | ltem Yes No Remarks
1 Brick/block quality acceptable | |

2 Mortar ratio maintained | |

3 Alignment and verticality proper [ ] [ ]

4 Joint thickness uniform | |
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9. Documentation & QA/QC

| SN | 1tem | Yes [No | Remarks
1 Inspection Requests (IR) maintained [ | [ ]
2 Test reports available | u
3 Checklist signed before next activity u |
4 NCR issued (if required) [ | [ |
5 Corrective actions implemented ] ]
Overall Observation Summary
Observer: Contractor Rep: Consultant Rep:
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Appendix D: Field Observation

Figure: Site Observation at Lapsiphedi SS.

Figure : Site Observation At Thimi SS.

Figure : Site Observation At Changu SS.
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Annexure A

[IOEGC18] Editor Decision

2026-04-21 01:22 PM

Rabin Dhakal:

We have reached a decision regarding your submission to 18th IOE Graduate Conference, "Analyzing
Implementation of Quality Assurance and Quality Control Measures in an ADB-Funded Gas Insulated
Substation(GIS) With In kathmadnu Valley: A Case Study of Lapshiphedi 220kV GIS Substation™.

Our decision is to: Accept Submission

With Warm Regards,
I0EGC-18 Editorial Team

Annexure B
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