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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. 
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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 

• What barriers stakeholders encounter when trying to follow approved plans 

• 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. 
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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 

• How do stakeholders perceive the current level of QA/QC implementation 

(including Field Quality Plans) in ADB-funded GIS substations within 

Kathmandu Valley? 

• What do stakeholders identify as the major challenges and gaps affecting effective 

QA/QC implementation at the field level? 

• 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: 

• To assess stakeholder perceptions of the current status of QA/QC implementation 

(including Field Quality Plans) in ADB-funded GIS substations within 

Kathmandu Valley. 

• To identify and rank, from a stakeholder perspective, the major challenges 

affecting QA/QC implementation at the field level. 

• 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 
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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. 

• 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 
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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. 
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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, SF₆ 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 SF₆ 

gas leakage thereby aligning QA/QC practices with broader national and international 
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sustainable development goals. This framework directly underpins the investigation of 

RQ1 (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 SF₆ 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: 

• 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). 

• 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 SF₆ 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 SF₆ 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 × 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 
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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 

(RII = 0.78) and lack of skilled manpower (RII = 0.74) as top-ranked challenges. 

Relevance to This Study: 
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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 

S.N. 
Author & 

Year 

Study 

Area 
Key Focus 

Major Findings 

(Results) 

Relevance 

to this 

study  

1 

Abdul-

Rahman et 

al. (2015) 

Malaysia 

Quality 

Management in 

Construction 

Found that weak 

supervision and poor 

documentation were 

the main causes of 

quality issues; RII > 

0.75 for supervision-

related factors 

Similar 

issues in 

consultant 

supervision 

in 

substations 

2 
Love et al. 

(2016) 
Australia 

Rework in 

Construction 

Projects 

Rework costs ranged 

from 5–15% of 

project cost due to 

poor QA/QC 

practices 

Supports 

economic 

impact of 

poor 

QA/QC 

3 

Hoonakker 

et al. 

(2017) 

USA 

Quality 

Management 

Systems 

Projects with 

structured QA/QC 

systems showed 20–

30% improvement in 

performance 

Justifies 

need for 

structured 

QA/QC in 

ADB 

projects 

4 
Tam et al. 

(2018) 

Hong 

Kong 

Implementation 

of Quality 

Plans 

Identified lack of 

contractor 

commitment and 

training as key 

barriers 

Matches 

contractor-

side issues 

in Nepal 

5 
Zeng et al. 

(2019) 
China 

Construction 

Quality Control 

Highlighted material 

quality and 

inspection delays as 

critical factors (RII > 

0.80) 

Directly 

relevant to 

material 

testing 

delays in 

substations 
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6 
ADB 

(2020) 

South 

Asia 

Infrastructure 

Project Quality 

Found that 

adherence to QA 

plans improves 

project sustainability 

and reduces defects 

significantly 

Strong 

alignment 

with ADB-

funded 

projects in 

your thesis 

7 
DUDBC 

(2021) 
Nepal 

Public Building 

Construction 

Reported gaps in QA 

plan implementation, 

especially in 

documentation and 

monitoring 

Direct 

Nepal 

context for 

your 

research 

8 

NEA 

Internal 

Report 

(2022) 

Nepal 
Substation 

Projects 

Identified delays in 

testing, lack of 

coordination, and 

weak enforcement of 

QA/QC procedures 

Highly 

relevant to 

GIS 

substation 

projects 

9 
Shrestha et 

al. (2022) 
Nepal 

Construction 

Project 

Performance 

Found that QA/QC 

implementation level 

was moderate (mean 

≈ 3.2/5) with major 

issues in supervision 

and training 

Comparable 

baseline for 

your 

findings 

10 

Karki & 

Adhikari 

(2023) 

Nepal 

Quality 

Practices in 

Infrastructure 

RII analysis showed 

top issues: poor 

documentation 

(0.78), lack of 

skilled manpower 

(0.74) 

Supports 

your RII-

based 

analysis 

 

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 SF₆ 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 

approach 

Few studies in the Nepalese power sector have systematically 

captured stakeholder perceptions across all three groups (client, 

consultant, contractor) using a structured, perception-based 

survey. 

ADB-funded 

project focus 

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 and 

correlation 

application to GIS 

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   

 

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 

 

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 
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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: 

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

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

• 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: 

𝑛 =
𝑍2 × 𝑝 × 𝑞

𝑒2
 

Where: 

• 𝑛 = required sample size 

• 𝑍 = standard normal deviate at 90% confidence level (1.645) 

• 𝑝 = assumed proportion of success (0.50) 

• 𝑞 = 1 − 𝑝 (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 

A 

General information (organization, 

role, experience) 

Demographic profiling 

Section 

B 

QA/QC & FQP implementation (5 

questions) 

Assess perceived implementation status 

(Objective 1) 

Section 

C 

Challenges in QA/QC 

implementation (6 questions) 

Identify perceived barriers (Objective 

2) 

Section 

D 

Impact on project performance (6 

questions) 

Evaluate perceived relationships 

(Objective 3) 

Section 

E 

Improvement measures (4 questions) Gather recommendations 

 

A five-point Likert scale was used: 

• 1 = Strongly Disagree 

• 2 = Disagree 

• 3 = Neutral 

• 4 = Agree 

• 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: 

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

• Mean scores were calculated for each QA/QC variable 

• Standard deviations were computed to assess response variability 

• 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: 

𝑅𝐼𝐼 =
∑𝑊

𝐴 × 𝑁
 

Where: 

• ∑𝑊 = Sum of weights assigned by all respondents 

• 𝐴 = Highest possible weight (5) 

• 𝑁 = Total number of respondents (66) 

Process: 

• Responses for challenge-related questions (Section C) were analyzed 

• RII values (range 0 to 1) were calculated for each factor 

• Factors were ranked from highest RII to lowest RII 

• 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: 

𝑟 =
∑(𝑋 − 𝑋̄)(𝑌 − 𝑌̄)

√∑(𝑋 − 𝑋̄)2∑(𝑌 − 𝑌̄)2
 

Where: 

• 𝑟 = Pearson correlation coefficient 

• 𝑋 = QA/QC implementation score (independent variable) 

• 𝑌 = Performance indicator score (dependent variable) 

• 𝑋̄ = Mean of X 

• 𝑌̄ = Mean of Y 

Process: 

• QA/QC implementation scores (Section B) and performance impact scores 

(Section D) were correlated 

• Correlation coefficients were calculated for each performance indicator 

• Statistical significance (p-value) was assessed at 95% confidence level (α = 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: 

• Construction management and QA/QC systems 

• ADB-funded infrastructure projects 

• GIS substation construction 

• Academic research methodology 

Experts evaluated each questionnaire item for: 

• Relevance to research objectives 

• Clarity of language 

• Technical accuracy 
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• 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: 

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

• Perception-based findings were compared with field observation records 

• 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 

Method 

Expected Output 

To assess stakeholder 

perceptions of current 

QA/QC 

implementation status 

Questionnaire 

(Section B), Field 

observations 

Descriptive 

statistics 

(mean, SD, 

frequency) 

Mean scores, standard 

deviations, tables, figures 

showing perceived 

implementation levels 

To identify and rank 

perceived challenges 

affecting QA/QC 

implementation 

Questionnaire 

(Section C) 

Relative 

Importance 

Index (RII), 

Thematic 

analysis 

RII values and rankings 

of challenges, interview 

themes 

To evaluate perceived 

relationships between 

QA/QC and project 

performance 

Questionnaire 

(Sections B & D), 

Project records 

Pearson 

correlation, 

Thematic 

analysis 

Correlation coefficients 

(r), p-values, significance 

levels, interpretation 
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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 

Engineer 

QA/QC 

Engineer 

Project 

Manager 

Other Total 

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. 

 

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 ITP 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. 

 

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. 

 

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 
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Figure 8 illustrates the perceived compliance with standards. 

 

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. 

 

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), 

4.15

3.7

4.09

4.06

3.92

4.06

3.4 3.5 3.6 3.7 3.8 3.9 4 4.1 4.2

FQP Implementation

ITP Implementation

Material Testing

Site Inspection

Documentation

ADB/NEA Compliance

Mean Linear (Mean)



 

 

33 

 

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 

Value 

Rank Perceived 

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 

stakeholders 

0.74 4 High 

5 Delay in inspection and testing 0.71 5 High 

6 Inadequate training on QA/QC 

procedures 

0.69 6 Moderate to High 

7 Limited use of digital monitoring 

tools 

0.66 7 Moderate 

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 
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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., SF₆ 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 (RII = 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 

Correlation (r) 

p-

value 

Perceived 

Relationship 

Strength 

Statistical 

Significance 

QA/QC → Rework -0.65 0.005 Strong (negative) Significant (p < 

0.05) 

QA/QC → 

Construction 

Progress 

0.58 0.089 Moderate 

(positive) 

Not significant 

(p > 0.05) 

QA/QC → Cost 

Overrun 

-0.60 0.378 Moderate 

(negative) 

Not significant 

(p > 0.05) 

QA/QC → Project 

Delay 

-0.55 0.068 Moderate 

(negative) 

Not significant 

(p > 0.05) 

Figure 10 illustrates the correlation coefficients. 

 

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: 

• From the stakeholder perspective, the planning phase of QA/QC—particularly 

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. 

• 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. 

• 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. 

• 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. 

• 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. 

• 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 SF₆ gas handling and equipment alignment. 

• 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. 

• 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. 

• 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. 

• 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 

• Future research should compare stakeholder perceptions with objective quality 

metrics through independent compliance audits. 

• Comparative studies between ADB-funded and non-ADB funded GIS substations 

would determine whether funding sources influence QA/QC implementation. 

• Longitudinal research tracking perceptions across project phases would reveal 

how views evolve over time. 

• Cost-benefit analysis of specific QA/QC interventions would quantify financial 

returns on quality investments.  

• 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: 

☐ NEA ☐ Consultant ☐ Contractor 

2. Current designation: 

☐ Engineer ☐ Site Engineer ☐ QA/QC Engineer ☐ Project Manager ☐ Other: 

_______ 

3. Primary role in the Lapshiphedi GIS Substation Project: 

☐ Design & Review 

☐ Construction Execution 

☐ Quality Control / Inspection 

☐ Supervision & Monitoring 

☐ Contract Administration 

4. Years of professional experience in construction projects: 

☐ Less than 5 years 

☐ 5–10 years 

☐ More than 10 years 

5. Experience in GIS Substation / Power Sector Projects: 

☐ Yes ☐ No 

6. Experience in ADB or other donor-funded projects: 

☐ Yes ☐ No 

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

☐ High ☐ Moderate ☐ 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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APPENDIX B: Field Quality Plan Sample 
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Appendix C: Checklist 
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Appendix D: Field Observation 

 

 

 

 

 

 

 

 

 

 

 

Figure: Site Observation at Lapsiphedi SS. 

 

 

 

 

 

 

 

 

 

 

Figure: Site Observation at Lapsiphedi SS. 

 

 

 

 

 

 

 

 

 

 

Figure : Site Observation At Thimi SS. 

 

 

 

 

 

 

 

 

 

 

Figure : Site Observation At Changu SS. 
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