
Assessing Compliance with Nepal’s Building Code: Insights from Residential Construction in Godawari Municipality	Comment by Saidu Mohammed: This work has been carried out, can we change this word to Assessment?


ABSTRACT
	Aims: To assess the status of building code compliance in residential construction in Godawari Municipality; evaluate the awareness, experiences, and capabilities of construction contractors and masons regarding building code adherence; identify reasons for non-compliance; and propose measures to enhance implementation of construction compliance in residential buildings.	Comment by Saidu Mohammed: This is too long for an AIM. Some of the statement should have been done under METHODOLOGY. Nonetheless, the comparison with Sisne Rural and Birendranagar was not mentioned?

The AIM of this study and the comparison is with a view to achieving what?	Comment by Saidu Mohammed: This statement is already showing biaise in research. Has this study already concluded that there is non-compliance?
Study Design, Place and Duration: This was a qualitative study employing a descriptive design with elements of field surveys, questionnaires, key informant interviews (KII), and comparative analysis. The study was conducted in Godawari Municipality, Lalitpur District, Bagmati Province, Nepal. The duration was from May 1, 2025, to August 30, 2025.
Methodology: The study population consisted of 691 permitted RC frame residential buildings in fiscal year 2081/82 across 14 wards, from which 147 buildings (78 completed and 69 under construction) were selected via stratified sampling for proportional ward representation. Additional respondents included 32 contractors/masons, 2 elected officials, 3 technical personnel, 1 administrative officer, and 2 consultants. Primary data were collected through field surveys using compliance checklists (adapted from municipal guidelines and prior studies), questionnaires for masons on awareness and capabilities, and unstructured KII with municipal stakeholders on non-compliance reasons and solutions. Secondary data were sourced from municipal records, approved drawings, literature (e.g., journals via Research Gate, Google Scholar), reports, and regulations. Data were coded, processed, and analyzed descriptively using MS Excel, with results presented in tables, figures, and comparative analyses against studies from Sisne Rural Municipality and Birendranagar Municipality.	Comment by Saidu Mohammed: 2081/82 fiscal year?	Comment by Saidu Mohammed: Is this the sample from a population of 691? How was it arrived at?	Comment by Saidu Mohammed: How do all these represent qualitative study?	Comment by Saidu Mohammed: Is the study also about comparison in addition to the assessment, or the comparison was part of the author’s aim ab initio?
Results: Among 78 completed buildings, only 27 (34.6%) fully complied with approved designs and NNBC; high compliance was observed in column size/position (100%) and beam size/position (93.6%), but lower in plinth area (64.1%), room size (51.3%), and built-up area (65.4%). Building by-laws showed strong adherence to ground coverage (87.2%) and height (98.7%), but gaps in setbacks (88-93%) and floor area ratio (91%). Comparative analysis indicated Godawari outperformed Sisne (low compliance <10% in most parameters) and Birendranagar (moderate, e.g., 68% plinth area). For 69 under-construction buildings, compliance was high in columns (100%), reinforcement detailing (100%), and slabs (98%), but low in concrete mix proportion (24.4%), stirrup spacing (70.7%), and column lapping (68.3%); Godawari generally exceeded Sisne and Birendranagar in beams/slabs but lagged in plinth beams (61.5%) and mix proportion. Masons (n=32) had 5-10 years' experience (43.8%), low training (18.8%), and limited education (15.6% SLC+); awareness was high for earthquakes (93.8%) and approval processes (78.1%), but low for codes (25%); capabilities were strong in earthquake-resistant practices (81.3%) and drawing interpretation (46.9%), outperforming Sisne/Birendranagar. Non-compliance reasons included low awareness, untrained masons, weak municipal monitoring, owner cost-cutting, and poor coordination; suggested measures encompassed training programs, awareness campaigns, regular inspections, reward-penalty systems, incentives (e.g., fee reductions), and better stakeholder coordination.
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1. INTRODUCTION
Nepal lies in one of the most seismically active zones and ranks among the eleven most earthquake-vulnerable countries, with Kathmandu frequently described as “sitting on a time bomb.” Although reinforced concrete (RC) construction began in the 1980s, widespread adoption of engineered practices only followed the enforcement of the Nepal National Building Code (NNBC) in 2006. Even so, nearly 70% of RC buildings remain owner-built, relying largely on contractors and municipal by-laws or NNBC’s mandatory rules of thumb [1].
Informal construction dominates, with over 80% of housing built outside formal processes where code application is minimal. Even in formal projects, enforcement is weak, with codes often functioning more as guidelines than binding regulations. Similar challenges exist in Bangladesh, where compliance depends heavily on individual discretion [2]. In Nepal, municipalities bear legal responsibility for enforcement, but inspections are typically limited to the plinth stage, focusing on basic parameters such as plinth area, column dimensions, and reinforcement diameters. Critical aspects like concrete mix design, reinforcement detailing, and foundation depth often go unchecked, leaving engineers and architects largely absent during execution [3].
To address this, Godawari Municipality requires building approval and compliance checks at three stages—temporary permit (up to plinth), permanent permit (post-plinth), and completion certificate. This study evaluates compliance with the NNBC and approved drawings throughout the construction process in Godawari, with the aim of identifying gaps and strengthening enforcement for safer, earthquake-resistant construction.
[bookmark: _Toc105971047][bookmark: _Toc184835208][bookmark: _Toc184835308][bookmark: _Toc184819536]The objective of the study is to study the status of building code compliance in the construction of residential buildings in Godawari Municipality, to assess the awareness and experiences of construction contractors/masons towards building code compliance in the construction of residential buildings in Godawari Municipality, and to find out the reasons behind the lack of construction compliance and to trace out the probable best suggestions for the implementation of Construction Compliance in Residential Buildings in Godawari Municipality.
2. LITERATURE REVIEW
Godawari Municipality in Lalitpur District, Province No. 3, was established in 2014 through the merger of five VDCs and expanded in 2017 to include twelve in total. Centered at Bajrabarahi, it is notable for the Godawari Botanical Garden and Phulchowki, the highest peak in Kathmandu Valley. 
Studies on building code awareness and compliance highlight widespread gaps across different contexts. In Cape Town, research revealed low levels of compliance, limited awareness of regulations, and a strong correlation between non-compliance and unqualified, less experienced contractors, with only 5 out of 14 sites fully adhering to NBR requirements [4]. Similarly, investigations in Karyabinayak Municipality, Nepal, found significant deficiencies in building designs, particularly ductility-related issues such as stirrup spacing, anchorage, bar detailing, and staircase reinforcement. While strength checks were largely compliant, 15% of designs failed, and configuration issues were frequently observed due to irregular land plots [5].
Earlier studies noted recurring deficiencies in Nepalese buildings, including poor detailing of longitudinal reinforcement, use of undersized bars (12–16 mm with only 4–8 per element), inadequate stirrup reinforcement (6 mm at >150 mm spacing), and frequent use of rounded aggregates, all of which compromised MRT standards (15 MPa) [1]. Corrosion of reinforcement was also a persistent concern. Building code implementation in Lalitpur indicated that only 27% of respondents were familiar with the code, and inspections occurred in just 33% of cases. Weak enforcement capacity limited technical training, and lack of awareness of seismic risks were key obstacles [6].
Similar enforcement challenges are reported in Bihar, India, where cost considerations, political interests, corruption, and lack of institutional capacity constrained code compliance [7]. In Nagarjun Municipality, Nepal, MRT-based implementation was formally in place, but effectiveness was hampered by inadequate manpower, absence of a dedicated implementation section, and insufficient technical training, although some contractors applied MRT in practice [2] 
Post-Gorkha Earthquake studies further highlight gaps in practice. Research shows that most Nepali buildings were non-engineered, damaged due to substandard materials, poor detailing, and weak workmanship [8]. In Lalitpur, low-rise buildings frequently failed to achieve the prescribed M20 mix ratio of 1:1.5:3 [3]. However, positive examples exist. In Kakani Rural Municipality, 74% of reconstructed buildings complied with NNBC due to training programs and active oversight by NRA engineers [9]. Likewise, in Chandragiri, 70% of RCC housing reconstruction adhered to code, supported by trained professionals [10]. In contrast, compliance studies in Sisne Rural Municipality paint a more concerning picture, with only 1 of 27 completed buildings fully compliant and none of the 13 under-construction buildings meeting standards. Violations included plinth, beam, reinforcement, and staircase deficiencies, compounded by low technical awareness among masons and frequent owner-driven design changes [11]. Similar issues were found in Birendranagar Municipality, where field surveys revealed widespread non-compliance and highlighted mason skill gaps, as most relied on experience rather than earthquake-resistant construction training [12]. To systematically assess compliance, parameters have been proposed covering configuration (length–breadth ratios, cantilever lengths), strength (column/beam sizes, slab thickness, concrete grade), ductility (bar numbers, stirrup spacing, anchorage, detailing), and connection checks (lintel/sill bands, footing ties). These criteria, detailed in municipal case studies [5] and implementation handbooks, provide structured approaches to compliance monitoring.


[bookmark: _Toc105971056][bookmark: _Toc184835210][bookmark: _Toc184835310][bookmark: _Toc184819540]3. METHODOLOGY
[bookmark: _Toc105971058][bookmark: _Toc184819543][bookmark: _Toc184835213][bookmark: _Toc184835313]This study assessed compliance between approved design plans and actual construction of residential buildings in Godawari Municipality, Lalitpur District. It also examined causes of non-compliance and proposed measures to improve adherence to the Nepal National Building Code (NNBC). A qualitative approach was employed, combining literature review, field surveys, questionnaire surveys, key informant interviews (KII), and descriptive analysis.	Comment by Saidu Mohammed: Questionnaire survey is Quantitative?! Can we safely conclude that this study used both Qualitative and Quantitative approaches?


3.1 STUDY AREA, POPULATION, AND SAMPLE 
Godawari Municipality, Bagmati Province, spans 96.11 km² with a population of 97,633 and 24,045 households (Census 2021). The research focused on residential buildings constructed in fiscal year 2081/82 across all 14 wards. Municipal records indicated 691 RC frame structures registered for permits, forming the study population. From this, 147 buildings (78 completed and 69 under construction) were selected through stratified sampling to ensure ward-wise proportional representation. Additional respondents included 32 contractors/masons, two elected officials, three technical personnel, one administrative officer, and two consultants. The details are shown in table 1.


Table 1 List of Population and Sample	Comment by Saidu Mohammed: Table 1: List of... OR Table 1 – List of.... Separate the table number from its description.

Secondly, what informed the choice of the personnels in the population, why not more of the professionals directly or indirectly involved with the designs, for instance? Include your justification of leaving them out, or consider it as Limitation.
	S.N.
	Respondent types
	Number of Population
	Sample

	1.
	Total Permitted Building
	691
	147

	1a.
	Completed Buildings
	379
	78

	1b. 
	Buildings under construction
	312
	69

	2.
	Local Contractor/Masons of buildings under construction
	32
	32

	3.
	Municipal Elected Officials (Mayor and Ward Chairperson)
	2
	2

	4.
	Municipal Technical Personnel
	3
	3

	5. 
	Municipal Administrative Officer
	1
	1


	6
	Consultant
	2
	2


[bookmark: _Toc105971060][bookmark: _Toc184819545][bookmark: _Toc184835215][bookmark: _Toc184835315]3.2 DATA COLLECTION
[bookmark: _Toc184819546][bookmark: _Toc184835216][bookmark: _Toc184835316]A. PRIMARY DATA COLLECTION
[bookmark: _Toc184819547][bookmark: _Toc184835217][bookmark: _Toc184835317]Primary data were gathered through field surveys, direct observations, and structured interviews. 
i. Field Surveys: A site investigation of sampled buildings was done, and compliance was checked based on the checklist prepared. The checklist involves: Characteristics of Mason, Configuration-related parameter, Strength-related parameter, Ductility-related parameter, Connection-related parameter, Causes of non-compliance
a. Questionnaires: A set of different questionnaires was prepared for the local contractor/mason. The questionnaires were related to assessing the awareness, perspective, and capabilities of the mason to construct the buildings to comply with the provisions of the building code.
b. KII – Key Informant Interviews (KII) were conducted with the chairperson, vice chairperson, chief administrative officer, and technical personnel of the Municipality who are involved in building permit-related works in the municipality. The unstructured interviewing method was used. The KII was conducted, asking the reasons behind the non-compliance and probable solutions to overcome it. 
B. SECONDARY DATA COLLECTION
[bookmark: _Toc184819548][bookmark: _Toc184835218][bookmark: _Toc184835318][bookmark: _Hlk207961896]Various sources, such as journal articles, academic textbooks, websites, social media platforms, and news outlets, were utilized for gathering secondary data. Relevant reports and publications were reviewed to gain a deeper understanding of the research problem, associated issues, and other aspects related to the study. Additionally, certain specific secondary data essential for the research were obtained from the following sources: Municipal Records, Approved Drawings and Design, Building Permit Certificate, Photographs, Relevant textbooks, Prevalent acts and regulations, Published and unpublished literature, journals, and reports, Records of the related government offices, Online search mediums such as Research Gate, sci-hub, Google Scholar, etc.
C. DATA ANALYSIS 
[bookmark: _Toc184819549][bookmark: _Toc184835219][bookmark: _Toc184835319]The data required for this study were fully gathered possible from the targeted respondents, ensuring it was as complete, consistent, accurate, and uniform as feasible. Once collected, the data were coded, processed, and analyzed using descriptive methods in MS Excel.  The interpreted results were then logically organized and presented through tables and graphical illustrations.	Comment by Saidu Mohammed: Does this included the results obtained from the interviews? Please explain in more details how the data from the interview was also analysed?
[bookmark: _Toc184835220][bookmark: _Toc184835320][bookmark: _Toc184819551]

4. RESULTS AND DISCUSSIONS
[bookmark: _Toc184819553][bookmark: _Toc184835222][bookmark: _Toc184835322]4.1 BUILDING CODE AND BYELAWS COMPLIANCE IN CONSTRUCTION OF RESIDENTIAL BUILDING
[bookmark: _Toc184819554][bookmark: _Toc184835223][bookmark: _Toc184835323]The first objective of the study was to assess the building code and byelaws compliance in construction of residential building in Godawari Municipality of Lalitpur District, Nepal. Compliance checklists for both completed and ongoing construction buildings were developed by consulting multiple sources. This strategy was essential to address the distinct construction phases and the specific compliance criteria pertinent to each stage:
Completed Buildings: The checklist for finished buildings was adapted from the one used by the Municipality when issuing building completion certificates. It primarily targets the final inspection process to confirm that the entire structure adheres to design specifications, safety requirements, and applicable regulations.
Buildings Under Construction: For buildings still in progress, the checklist was formulated based on the compliance guidelines from Lalitpur Metropolitan City’s handbook, along with research conducted in Karya Vinayak Municipality and Sisne Rural Municipality [11], Rukum (East) and Birendranagar Municipality (Surkhet) [12]. This checklist concentrates on the ongoing construction activities, focusing on aspects such as material quality, structural soundness, and workmanship to ensure compliance throughout the building process.
By utilizing different reference materials, the checklists are customized to meet the inspection needs relevant to each construction phase, thereby improving the precision and effectiveness of the compliance evaluation.	Comment by Saidu Mohammed: What bases or standard where used, e.g. focus group discussion, to ensure adequecy of the checklist used? 
4.1.1 BUILDING CODE COMPLIANCE IN CONSTRUCTED RESIDENTIAL BUILDING
Among the 78 buildings that are completed in construction are those considered for building code compliance. The checklists for the constructed building in field verification are as follows: Check for Column Size and Grid Position, Check for Beam Size and Grid Position, Check for Plinth Area of the Building, Check for Room Size and Orientation, Check for Staircase Size and Position, Check for Final Built-Up Area. The status of the compliance of constructed building has been depicted in the figure 1 below. 	Comment by Saidu Mohammed: Please recast!	Comment by Saidu Mohammed: This study has already been carried out, so let the author(s) change all statements like this to reported speeches.

Figure 1: Building Code Compliance in Constructed Residential Building	Comment by Saidu Mohammed: This is looking clumsy. Separate the Figure number and its description from any further explanations by at least a space.
Out of the 78 completed buildings surveyed, only 27 fully complied with the approved designs and drawings. Common issues included non-compliance in staircase dimensions, beam depth, plinth area, and room layout. However, column specifications generally met the standards. 	Comment by Saidu Mohammed: Separate the last word (standards) from the new subtitle please.
COMPARISON WITH PAST RESEARCH ON BUILDING CODE COMPLIANCE AND BYELAWS
The comparison of the study with past studies is presented in table 2. 
[bookmark: _Toc207491655]Table 2 Comparison between Godawari Municipality, Sisne Rural Municipality and Birendranagar Municipality	Comment by Saidu Mohammed: Please separate for clarity, e.g. Table 2: Comparison....OR Table 2 – Comparison...

Also, separate the statement introducing the table (The comparison of the study.......) from the title of the table itself.
	Parameter
	Godawari Municipality
	Sisne Rural Municipality 
	Birendranagar Municipality

	
	Compliance (%)
	Non-compliance (%) 
	Compliance (%)
	Non-compliance (%)
	Compliance (%)
	Non-compliance (%)

	Column Size and Position
	100
	-
	85.2
	14.81
	90.9
	9.1

	Beam Size and Position
	93.58
	6.42
	7.4
	92.6
	40.9
	59.1

	Plinth Area (Length to Breadth)
	64.1
	35.9
	3.7
	96.30%
	68.2
	31.82

	Room size
	51.28
	48.72
	3.7
	96.3
	59.1
	40.91

	Staircase size and position
	87.18
	12.82
	7.41
	92.59
	27.3
	72.73

	Built-up
	65.38%	Comment by Saidu Mohammed: Are these whole percentages in this table, for instance, determined by a particular software or the author(s) perception? This will have to be clearly stated. If they are from perception, then please state it as one of the limitations of the study.

Secondly, set content of cells for the entire table to two decimal places please. 
	34.62
	3.7
	96.3
	54.6
	45.45



The comparative analysis of building code compliance across the three municipalities from Table 6 shows that Godawari Municipality demonstrates the highest overall compliance, with full adherence in column size and position (100%) and very high compliance in beam size and position (93.58%) as well as staircase size and position (87.18%). It also maintains good performance in plinth area ratio (64.10%), room size (51.28%), and built-up area (65.38%). Birendranagar Municipality [12] exhibits moderate compliance, performing relatively better in plinth area ratio (68.18%) and room size (59.09%) compared to Godawari, but falling behind in beam size and staircase requirements. On the other hand, Sisne Rural Municipality [11] shows very low compliance in almost all parameters, with values below 10% for beam size, room size, staircase, and built-up area, except for column size and position (85.18%).	Comment by Saidu Mohammed: Is there a Table 6 in this work?
[bookmark: _Toc207360764]4.1.2 BUILDING BYELAW COMPLIANCE IN COMPLETED BUILDINGS
The study revealed that 27 out of 78 constructed buildings were fully compliant with the municipality's building by-laws. The compliance status of setbacks, floor area ratio, coverage, and building height was assessed. Ground coverage ratio and building height were the parameters that were fully adhered to, and the most common area of non-compliance included side, back, and front setbacks along with floor area ratio. The details have been depicted in Figure 2 below.

[bookmark: _Toc207491704]Figure 2 Building bylaw compliance for completed buildings	Comment by Saidu Mohammed: Separate:
1. Figure 2 from its description by : or – please
2. Figure 2 and its description from the next subtitle (Comparative Study)
3. Comparative Study, as a subtitle, from the description of table 3 that followed
COMPARATIVE STUDY
The comparison of the study with past study is depicted in figure 3. 

Figure 3: Comparative Study	Comment by Saidu Mohammed: Separate!
The comparison of compliance between Godawari Municipality and Birendranagar Municipality. Figure 3 indicates that both municipalities show strong adherence to building code requirements, though performance varies across parameters. Birendranagar achieves 100% compliance in ground coverage ratio and building height, slightly outperforming Godawari, which records 87.18% and 98.72% compliance, respectively. However, Godawari demonstrates better performance in floor area ratio (91.03% vs. 86%), front setback (88.46% vs. 81.82%), side setback (91.03% vs. 27.27%), and back setback (93.59% vs. 72.72%), reflecting stronger enforcement in spatial regulations.
4.1.3 BUILDING CODE COMPLIANCE IN UNDER-CONSTRUCTION BUILDINGS
A total of 69 buildings under construction were assessed across different stages: 7% at foundation, 12% at DPC, 14% up to first floor, 26% above second floor, and 41% at finishing works. Compliance checks covered foundation, columns, beams, slabs, reinforcement, stirrups, lapping, sill/lintel bands, and concrete mix quality.
COMPLIANCE PATTERNS:
Most structural elements showed high adherence. Columns consistently complied (100%), and floor slabs achieved 98% compliance. Details are tabulated in table 3	Comment by Saidu Mohammed: Create a space between these two lines
[bookmark: _Toc128980833]Table 3 Checklist of Compliance and Non-Compliance in Under Construction Building
	S.N.
	Description of compliance parameters
	Compliance 
	Non-Compliance
	Compliance (%)
	Non-Compliance (%)
	Remarks	

	1
	Depth of Excavation in the foundation
	12
	1
	92.3
	7.7
	Observed on buildings constructed up to the Plinth level.

	2
	Foundation Construction
	
	
	
	
	

	a
	Size
	11
	2
	84.6
	15.4
	Studied buildings constructed up to the Plinth level.

	b
	Rebar placement and Size
	2
	-
	100
	-
	Studied buildings constructed up to the Plinth level.

	c
	Strap beam
	10
	-
	100

	-
	Studied buildings constructed up to the Plinth level.

	3
	Column Size and Position
	69
	-
	100
	-
	Studied all ongoing buildings

	4
	Beam Size and Position
	
	
	
	
	

	a
	Tie beam
	
	
	
	
	

	b
	Plinth Beam
	8
	5
	61.5
	38.5
	Studied buildings constructed up to the Plinth level.

	c
	Floor Beam
	47
	5
	90.38
	9.62
	Studied on 1st, 2nd and completion buildings

	5
	Slab Thickness
	
	
	
	
	

	a
	Floor Slab
	51
	1
	98.07
	1.93
	Studied on 1st, 2nd and completion buildings

	b
	Staircase Slab
	44
	8
	84.61
	15.39
	Studied on 1st, 2nd and completion buildings

	6
	Mix Proportion
	10
	31
	24.39
	75.61
	Studied buildings except for the completion stage

	7
	Reinforcement detailing
	
	
	
	
	

	a
	Foundation
	2
	-
	100
	-
	Studied foundation construction and building

	b
	Column
	41
	-
	100
	-
	Studied buildings except for the completion stage

	c
	Beam
	28
	-
	100
	-
	Studied on 1st, and 2nd floor constructed building

	d
	Slab 
	28
	-
	100
	-
	Studied on 1st, and 2nd floor constructed building

	e
	Staircase Slab
	28
	-
	100
	-
	Studied on 1st, and 2nd floor constructed building

	8
	Stirrups 
	29
	12
	70.73
	29.27
	Studied buildings except for the completion stage

	9
	Lapping Position of Bar
	
	
	
	
	

	a
	Column
	28
	13
	68.29
	31.71
	Studied buildings except for the completion stage

	b
	Beam Top Bar
	22
	6
	78.57
	21.43
	Studied on 1st, and 2nd floor constructed building

	c
	Beam Bottom Bar
	21
	7
	75
	25
	Studied on 1st, and 2nd floor constructed building

	10
	Sill and Lintel Band
	25
	3
	89.28
	10.72
	Studied on 1st, and 2nd floor constructed building



Reinforcement detailing was near universal across foundation, beams, slabs, and staircases. However, several weaknesses were identified:
· Concrete mix proportion was the most critical issue, with only 24% compliance, largely due to untrained masons, lack of testing, and cost-cutting by owners.
· Rebar lapping showed deficiencies, with 32% of columns and 25% of beams non-compliant.
· Beam dimensions were incorrect in 39% of cases, mainly from column casting errors.
· Staircase slabs exceeded specified thickness in 16% of cases, reflecting workmanship lapses.
· Stirrups had improper spacing in nearly 30% of buildings.
· Sill and lintel bands were absent in 11% of cases.

In summary, while reinforcement detailing, and slab construction were largely satisfactory, systemic weaknesses in concrete mixing, lapping, and stirrup placement undermine structural safety.
COMPARATIVE ANALYSIS:
Cross-municipality comparison with Sisne [11] and Birendranagar [12] (table 4) highlights both strengths and gaps. Foundation works were highly compliant across all sites, with nearly 100% adherence in excavation, rebar placement, strap beams, and column size. Godawari lagged in foundation size (85% compliance) and plinth beams (62%) compared to full compliance in Sisne and Birendranagar. Beam compliance varied: Godawari (90%) outperformed both Sisne (78%) and Birendranagar (71%). Slab compliance was strong in Godawari (98%) and Sisne (100%) but weak in Birendranagar (65%).
Table 4: Comparison with past research between Godawari Municipality, Sisne Rural Municipality and Birendranagar Municipality 
	S. No
	Description of Parameter
	Godawari Municipality
	Sisne Rural Municipality
	Birendranagar Municipality

	
	
	Compliance (%)
	Non-compliance (%)
	Compliance (%)
	Non-compliance (%)
	Compliance (%)
	Non-compliance (%)

	1
	Depth of Excavation in the foundation
	92.3
	7.7
	100
	-
	100
	-

	2
	Foundation Construction
	
	
	
	
	
	

	a
	Size
	84.6
	15.4
	100
	-
	100
	-

	b
	Rebar placement and Size
	100
	-
	100
	-
	100
	-

	c
	Strap beam
	100
	-
	100
	-
	-
	-

	3
	Column Size and Position
	100
	-
	100
	-
	90.9
	9.1

	4
	Beam Size and Position
	
	
	
	
	
	

	a
	Tie beam
	
	
	100
	-
	100
	-

	b
	Plinth Beam
	61.5
	38.5
	100
	-
	100
	-

	c
	Floor Beam
	90.38
	9.62
	77.78
	22.22
	70.59
	24.59

	5
	Slab Thickness
	
	
	
	
	
	

	a
	Floor Slab
	98.07
	1.93
	100
	-
	64.7
	35.3

	b
	Staircase Slab
	84.61
	15.39
	77.78
	22.22
	88.23
	11.77

	6
	Mix Proportion
	24.39
	75.61
	-
	100
	-
	-

	7
	Reinforcement detailing
	
	
	
	
	
	

	a
	Foundation
	100
	-
	100
	-
	100
	-

	b
	Column
	100
	-
	100
	-
	100
	-

	c
	Beam
	100
	-
	100
	-
	100
	-

	d
	Slab 
	100
	-
	100
	-
	100
	-

	e
	Staircase Slab
	100
	-
	100
	-
	100
	-

	8
	Stirrups 
	70.73
	29.27
	100
	-
	88.89
	11.11

	9
	Lapping Position of Bar
	
	
	
	
	
	

	a
	Column
	68.29
	31.71
	-
	100
	38.89
	61.11

	b
	Beam Top Bar
	78.57
	21.43
	71.42
	28.57
	76.92
	23.08

	c
	Beam Bottom Bar
	75
	25
	71.42
	28.57
	76.92
	23.08

	10
	Sill and Lintel Band
	89.28
	10.72
	85.71
	14.28
	84.62
	15.38



Concrete mixing was a major weakness in both Godawari (24%) and Sisne (0%), underscoring a systemic issue in material preparation. Reinforcement detailing showed consistent 100% compliance across all municipalities, but stirrup spacing remained a concern in Godawari (71%) compared to Sisne (100%) and Birendranagar (89%). Bar lapping practices were problematic everywhere, with Sisne showing complete non-compliance in column lapping, Birendranagar at 61% non-compliance, and Godawari at 32%. Sill and lintel bands achieved moderate compliance across municipalities (84–89%).
The findings reinforce that while structural framing elements are generally well-executed, workmanship gaps in mix proportioning, lapping, and stirrup detailing persist as major vulnerabilities. Comparisons show Godawari performing better than Birendranagar in beams and slabs, but weaker than Sisne in foundation and stirrups. The systemic issue of improper concrete mixing remains the most critical challenge across municipalities, directly affecting strength and resilience of RCC structures.
[bookmark: _Toc184819565][bookmark: _Toc184835225][bookmark: _Toc184835325]4.2 CHARACTERISTICS, AWARENESS AND CAPABILITIES OF CONSTRUCTION CONTRACTOR/MASONS
This objective examines the profiles, knowledge, and skill sets of construction contractors and masons in Godawari Municipality, focusing on their compliance with building codes during residential construction.
CHARACTERISTICS OF MASONS
A total of 32 lead masons working at various under-construction sites were surveyed. The study considered years of experience, formal training, and academic qualifications. Details showed in table 5.
Table 5: Experience, Training, and Academic Qualification of Masons (Godawari vs. Past Studies)
	Attribute
	Category
	Godawari (%)
	Sisne (%)
	Birendranagar (%)

	Experience
	Up to 5 yrs
	15.62
	7.69
	25

	
	5–10 yrs
	43.75
	53.85
	43.75

	
	10–15 yrs
	15.62
	38.46
	12.5

	
	>15 yrs
	25
	0
	18.75

	Training
	Yes
	18.75
	0
	18.75

	
	No
	81.25
	100
	81.25

	Academic Qualification
	Literate
	25
	38.46
	31.25

	
	Under SLC
	40.62
	38.46
	50

	
	SLC
	9.37
	15.38
	12.5

	
	Intermediate
	6.25
	7.69
	6.25



[bookmark: _Toc184819566][bookmark: _Toc184835226][bookmark: _Toc184835326]Most masons in Godawari (43.75%) have 5–10 years of experience. Only 19% have received formal training, reflecting a gap in technical skill development. Academic levels are generally low, with only 15.62% completing SLC or above. Compared to past studies, Godawari retains a moderately experienced workforce, whereas Sisne [5] and Birendranagar [6] are more skewed towards mid- to low-experience and education levels.
AWARENESS AND CAPABILITIES OF MASONS
The survey assessed masons’ awareness of earthquake phenomena, earthquake-resistant design, building codes, and approval processes, as well as their practical capabilities on site.

Figure 4: Awareness of Masons
Figure 4 compares the awareness of masons regarding earthquakes, building codes, and municipal approval processes. Godawari masons exhibited the highest overall awareness, with 93.75% familiar with earthquake phenomena and 62.5% aware of earthquake-resistant design principles. Awareness of the approval process for municipal drawings was also strong (78.12%), suggesting relatively better institutional exposure in Godawari. However, only 25% were knowledgeable about building code provisions, indicating a gap between general disaster awareness and specific regulatory knowledge.
In contrast, Sisne masons had very low awareness across all categories, particularly on earthquake-resistant design (23.08%) and building code provisions (15.38%). Birendranagar performed moderately, with 56.25% awareness of the approval process and 31.25% familiarity with building codes, though awareness of earthquake phenomena was not reported. Overall, the findings show that while Godawari masons are comparatively better informed, awareness of building codes remains limited in all municipalities, underscoring the need for targeted training and public education campaigns to bridge the gap between general hazard awareness and technical regulatory compliance.

Figure 5: Capabilities of Masons
Figure 5 presents the comparative capabilities of masons in Godawari, Sisne, and Birendranagar Municipalities. The results show significant variation in technical skills.
Godawari masons demonstrated the highest capacity to follow earthquake-resistant construction practices, with 81.25% compliance, compared to only 23.07% in Sisne and 25% in Birendranagar. This suggests that masons in Godawari are relatively more prepared for disaster-resilient construction. In contrast, Godawari lagged in material understanding, with only 15.63% able to interpret material and test specifications, while Birendranagar performed best in this aspect (43.75%). Similarly, Birendranagar showed a slight advantage in construction methodology (37.5%) compared to Godawari (31.25%) and Sisne (30.76%). Regarding the ability to read architectural and structural drawings, Godawari masons (46.88%) outperformed Sisne (15.38%) and Birendranagar (18.75%). This reflects relatively better but still limited literacy in handling technical documentation in Godawari.
The findings reveal asymmetric capabilities: Godawari leads in earthquake-resistant practice and drawing interpretation, while Birendranagar shows relative strength in material understanding and methodology. Sisne lags across most indicators, highlighting a pressing need for training and technical support in that municipality.

PERSPECTIVE OF MASON’S ON NON-COMPLIANCE
Masons’ viewpoints on the causes of building code non-compliance were surveyed. The details are depicted in figure 6 below. 

Figure 6: Mason’s Perspective on Non-Compliance
Figure 6 presents masons’ responses regarding compliance and design modifications. A clear divergence is observed across the three municipalities. In Godawari, compliance was highest (62.5%), indicating a comparatively stronger inclination toward following prescribed designs. However, even here, 31.25% admitted modifying designs at the owner’s request, revealing the influence of client pressure over technical compliance.
In Sisne, only 15.38% of masons reported compliance, while 69.23% modified designs as per owner instruction, and 15.38% simplified designs to ease their own work. These highlights both low awareness and weak regulatory enforcement in rural contexts. In Birendranagar, non-compliance was most prevalent, with 81.25% altering designs at the owner’s direction, and compliance dropping to just 6.25%. Overall, the results indicate that owner influence outweighs regulatory or technical considerations in practice, particularly in Sisne and Birendranagar. Godawari shows comparatively better adherence but still faces challenges of client-driven non-compliance.
4.3 REASONS FOR NON-COMPLIANCE AND SUGGESTED MEASURES FOR STRENGTHENING CONSTRUCTION COMPLIANCE
Third objective was to find out the reasons for non-compliance and suggest measures for strengthen construction compliance. For this Key informant interviews with municipal representatives (Mayor, Ward Chairperson, Chief Administrative Officer, technical personnel, and consultants) revealed several interlinked causes of non-compliance in residential construction.
REASONS BEHIND NON-COMPLIANCE:
A common factor is the limited awareness of building code provisions among both house owners and masons. Many owners underestimate earthquake risks hold misconceptions that compliance is costly or show reluctance due to lack of seriousness about disasters. At the institutional level, inadequate municipal outreach, limited consulting services, and infrequent monitoring by sub-engineers exacerbate the issue. Shortages of trained masons and contractors, coupled with weak coordination among owners, contractors, and consultants, further contribute to non-compliance.
PROBABLE SOLUTIONS:
Respondents consistently emphasized the need for capacity building and incentive mechanisms. Recommendations include:
· Strengthening municipal monitoring through regular site inspections and a reward–penalty system.
· Expanding training programs for masons, contractors, and municipal staff in earthquake-resistant and code-compliant practices.
· Conducting awareness campaigns for house owners using simplified guidelines and visual aids.
· Offering incentives such as fee reductions or recognition for compliant builders.
· Enhancing coordination among municipal authorities, consultants, and contractors to minimize errors and deviations from approved designs.

In summary, the findings underscore that improving compliance requires a dual approach: raising public awareness and technical capacity, while simultaneously ensuring strict yet supportive municipal enforcement.

[bookmark: _Toc184835230][bookmark: _Toc184835330]5. CONCLUSIONS
[bookmark: _Toc184835231][bookmark: _Toc184835331]The study aimed to assess the level of building code compliance in residential construction within Godawari Municipality. The research employed a combination of secondary data analysis, field observations, questionnaire surveys, and key informant interviews. Based on the results, several key conclusions were identified.
a) The compliance of building codes in completed residential buildings within Godawari Municipality is generally inadequate. The study indicates that multiple construction parameters have been altered from the approved designs, reflecting poor adherence to regulatory standards. Specifically, changes were observed in the plinth area, room sizes, beam depths, and the size and positioning of staircases, which deviate from the approved drawings. Such modifications not only compromise the structural integrity and safety of the buildings but also indicate a lack of supervision, technical expertise, and awareness among builders and house owners regarding the importance of following the building code. These deviations highlight the need for enhanced monitoring, stricter enforcement, and awareness programs to ensure that construction practices align with established regulations.
b) The data for Godawari Municipality indicates a generally high level of compliance with building regulations. Compliance is particularly strong for building height (98.72%) and back setback (93.59%), while slightly lower compliance is observed for ground coverage ratio (87.18%) and front setback (88.46%). Overall, most parameters show over 85% adherence, suggesting that construction in Godawari largely follows municipal planning standards, with only minor gaps in setback and coverage regulations.
c) The adherence to building codes in buildings currently under construction is also unsatisfactory. The analysis revealed significant deficiencies in critical construction practices, particularly in the use of correct concrete mix proportions and proper lapping of reinforcement bars. Alarmingly, in ongoing construction projects (76% failed to use the required concrete mix proportions. Likewise, 32% of the buildings don’t comply with proper lapping of column reinforcement, while approximately 22% of buildings did not meet the standards for top and bottom beam rebar lapping. Though 100% compliance was found in reinforcement detailing of column, beam, slab, staircase slab, and in rebar placement and size. These findings indicate serious gaps in technical execution and highlight the urgent need for training, supervision, and stricter enforcement during the construction process to ensure compliance with building codes.
d) The study reveals that the masons assessed have insufficient awareness regarding the fundamental principles behind building code compliance. Most were unfamiliar with earthquake phenomena, lacked knowledge of earthquake-resistant design and construction, and were unaware of the building code provisions, as well as the municipal drawing approval process. Additionally, the findings indicate that the skills and capabilities of masons in Godawari Municipality are inadequate, though Godawari has the highest compliance in comparison to Sisne Rural Municipality [11] and Birendranagar Municipality [12].
RECOMMENDATION 	Comment by Saidu Mohammed: From the content of the RECOMMENDATION, would the author(s) consider changing to RECOMMENDATIONS?
The study recommends improving building code compliance in Godawari Municipality through awareness campaigns for the public, skill development programs for masons, and training for municipal staff. It also suggests establishing clear guidelines and SOPs aligned with the national building code, simplifying the building permit process with visual tools, and enforcing compliance through monitoring, rewards, and penalties. Additionally, periodic training and awareness programs should accompany these measures, while a comprehensive study with field and lab testing is advised to assess how non-compliance impacts building strength and seismic resistance. 	Comment by Saidu Mohammed: This is appearing for the first time? What does it mean?
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Building Code Compliance in Completed Residential Buildings

Compliance(no.s)	Column size	&	position	Beam size	&	position	Plinth area	Room size	&	orientation	Staircase size	&	position	Final built-up area	Non-Compliance(no.s)	Column size	&	position	Beam size	&	position	Plinth area	Room size	&	orientation	Staircase size	&	position	Final built-up area	Compliance Buildings	Column size	&	position	Beam size	&	position	Plinth area	Room size	&	orientation	Staircase size	&	position	Final built-up area	78	73	50	40	68	51	Non-compliance buildings	Column size	&	position	Beam size	&	position	Plinth area	Room size	&	orientation	Staircase size	&	position	Final built-up area	0	5	25	38	10	27	



Building Byelaw Compliance for Completed Buildings

Ground coverage ratio	Floor area ratio	Building height	Front set back	Side set back	Back setback	Ground coverage ratio	Floor area ratio	Building height	Front set back	Side set back	Back setback	Compliance	Ground coverage ratio	Floor area ratio	Building height	Front set back	Side set back	Back setback	0.87179487179487181	0.91025641025641024	0.98717948717948723	0.88461538461538458	0.91025641025641024	0.9358974358974359	Non-Compliance	Ground coverage ratio	Floor area ratio	Building height	Front set back	Side set back	Back setback	0.12820512820512819	8.9743589743589744E-2	1.282051282051282E-2	0.11538461538461539	8.9743589743589744E-2	6.4102564102564097E-2	



Comparison

Ground Coverage Ratio	
Godawari Municipality Compliance (%)	Birendranagar Municipality Compliance (%)	Godawari Municipality Non-compliance (%)	Birendranagar Municipality Non-compliance (%)	0.87180000000000002	1	0.12820000000000001	0	Floor Area Ratio	
Godawari Municipality Compliance (%)	Birendranagar Municipality Compliance (%)	Godawari Municipality Non-compliance (%)	Birendranagar Municipality Non-compliance (%)	0.9103	0.86	8.9700000000000002E-2	0.14000000000000001	Building Height	
Godawari Municipality Compliance (%)	Birendranagar Municipality Compliance (%)	Godawari Municipality Non-compliance (%)	Birendranagar Municipality Non-compliance (%)	0.98719999999999997	1	1.2800000000000001E-2	0	Front setback	
Godawari Municipality Compliance (%)	Birendranagar Municipality Compliance (%)	Godawari Municipality Non-compliance (%)	Birendranagar Municipality Non-compliance (%)	0.88460000000000005	0.81820000000000004	0.1154	0.18179999999999999	Side setback	
Godawari Municipality Compliance (%)	Birendranagar Municipality Compliance (%)	Godawari Municipality Non-compliance (%)	Birendranagar Municipality Non-compliance (%)	0.9103	0.2727	8.9700000000000002E-2	0.72729999999999995	Back set back	
Godawari Municipality Compliance (%)	Birendranagar Municipality Compliance (%)	Godawari Municipality Non-compliance (%)	Birendranagar Municipality Non-compliance (%)	0.93589999999999995	0.72719999999999996	6.4100000000000004E-2	0.27279999999999999	



Awarness of Masons

Godawari Yes (%)	
General concept of earthquake	Earthquake-resistant design	Building Code 	&	 provisions	Approval process of drawings	93.75	62.5	25	78.12	Sisne Yes (%)	
General concept of earthquake	Earthquake-resistant design	Building Code 	&	 provisions	Approval process of drawings	30.76	23.08	15.38	46.15	Birendranagar Yes (%)	
General concept of earthquake	Earthquake-resistant design	Building Code 	&	 provisions	Approval process of drawings	0	25	31.25	56.25	



Capabilities of Masons

Godawari Yes (%)	
Follow earthquake-resistant construction	Read architectural 	&	 structural drawings	Understand material 	&	 test specifications	Understand construction methodology	81.25	46.88	15.63	31.25	Sisne Yes (%)	
Follow earthquake-resistant construction	Read architectural 	&	 structural drawings	Understand material 	&	 test specifications	Understand construction methodology	23.07	15.38	23.07	30.76	Birendranagar Yes (%)	
Follow earthquake-resistant construction	Read architectural 	&	 structural drawings	Understand material 	&	 test specifications	Understand construction methodology	25	18.75	43.75	37.5	



Mason's Perspective on Non- Complaince

Godawari (%)	
Compliance	Modify design to simplify work	Modify design as instructed by owner	62.5	6.25	31.25	Sisne (%)	
Compliance	Modify design to simplify work	Modify design as instructed by owner	15.38	15.38	69.23	Birendranagar (%)	
Compliance	Modify design to simplify work	Modify design as instructed by owner	6.25	12.5	81.25	



