
Civil Engineering and Architecture 10(3): 1233-1242, 2022 http://www.hrpub.org 
DOI: 10.13189/cea.2022.100338 

Identify Visual Component Inspection for Design 
Non-Destructive Pitch Roof Checklist 

Mohamad Haszirul Mohd Hashim1,2,*, Azlan Shah Ali2, Farid Wajdi Akashah2,      
Nurul Izza Abdul Ghani3 

1Program of Building Surveying, Department of Built Environment Studies and Technology, Faculty of Architecture, Planning and 
Surveying, Universiti Teknologi MARA, Perak Branch, Malaysia 

2Department of Building Surveying, Faculty of Built Environment, University of Malaya, Malaysia 
3Unit of Architectural Technology, Tapah College Community, Malaysia 

Received July 5, 2021; Revised March 16, 2022; Accepted April 15, 2022 

Cite This Paper in the following Citation Styles 
(a): [1] Mohamad Haszirul Mohd Hashim, Azlan Shah Ali, Farid Wajdi Akashah, Nurul Izza Abdul Ghani , "Identify 
Visual Component Inspection for Design Non-Destructive Pitch Roof Checklist," Civil Engineering and Architecture, 
Vol. 10, No. 3, pp. 1233-1242, 2022. DOI: 10.13189/cea.2022.100338. 

(b): Mohamad Haszirul Mohd Hashim, Azlan Shah Ali, Farid Wajdi Akashah, Nurul Izza Abdul Ghani (2022). Identify 
Visual Component Inspection for Design Non-Destructive Pitch Roof Checklist. Civil Engineering and Architecture, 
10(3), 1233-1242. DOI: 10.13189/cea.2022.100338. 

Copyright©2022 by authors, all rights reserved. Authors agree that this article remains permanently open access under the 
terms of the Creative Commons Attribution License 4.0 International License 

Abstract  Inspection is the basis of building structure to 
obtain assessment information. Assessment is used to get 
evidence and study the current condition of structure. This 
is because any structural failure can endanger the safety 
and health of building occupants. Through inspection, 
important information can be provided for consistent 
budget planning. The purpose of this paper is to identify the 
list of components and subcomponents for pitched roof 
system to inspection maintenance. The list of components 
has been reviewed by 3 stakeholder experts consisting of 
architects and engineers in Malaysia for consideration of 
the real component in the pitched roof design. The research 
confirmed the importance of the entire identified 
component pitch roof based on the 30 experts in roof 
fabrication. This paper serves to promote awareness 
among the various building inspections about the list of 
pitched roof components to identify components quickly. 
This inspection checklist has been validated by the expert 
to get feedback on the development. This checklist is 
aiming to design standard inspection for pitched roof and to 
reduce bias comparison inspection between various 
inspectors and provide effective service to building owner. 

Keywords Inspection, Checklist, Pitch Roof, 
Maintenance, Component 

1. Introduction
Defects are defined as deterioration or lack of condition 

that may affect building elements [34]. This is because loss 
of performance depends on the level of reaction or 
sensitivity and structural exposure to the deteriorating 
agent [25]. Defects will get worse if not repaired 
immediately causing the structure to be collapse [52]. The 
defects will affect the safety and health of the building 
occupants [36] and strength of the structure [33]. 

Inspection is the fundamental in building structure 
assessing with providing information assessment [65]. The 
assessment inspection is for gathering evidence [39] and 
provides information about the current condition [62]. 
These techniques are capable determining the locating, size, 
and shape of defect. The purposes of inspections are used 
to reduce unplanned structural failure or eliminate defects 
[55]. Inspection is a strategy to minimize the cost of 
maintenance, improve the level of safety and health and 
reduce the level of failure [31]. Inspection can help in 
providing repair work order [24]. 

Inspection techniques are based on design specifications 
such as methods and components that need to be checked 
[24,53]. Defective information is used for the planning of 
maintenance strategy to ensure building structure in good 
condition [64]. This is because there is more unplanned 
maintenance [43] in building management. Unplanned 
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maintenance is performed after the structure fails and is 
repaired to its original state. This method will result in high 
repairing costs and dissatisfaction to building occupant. 

Visual inspection is the most often specified technique in 
building assessment. Visual inspection is process using the 
eye as the mechanism in judgment about the condition of 
component to inspect [26]. Inspection method can also 
improve the work plan to avoid malfunctioning and prevent 
structural failures [25]. 

This study will be useful to the building engineer 
especially roof fabricator, building owner and building 
maintenance. This benefit listing of component pitch roofs 
can provide a basic requirement in designs. This guideline 
of component listing is to ensure faster inspection, less 
subjective information, and appropriate information for 
less experienced inspectors [27,35]. This is explained by 
[41], that is, subjective inspection will cause a comparison 
of the final decision between the inspectors. The subjective 
causes the results are not complete in consistent various 
inspectors. 

This research seeks to achieve two objectives. The first 
is to identify the main and sub structure of pitch roof 
design and construction. The second objective is to 
develop a validated listing of components and 
subcomponent pitch roof for consideration by fabricator 
expert. The purpose of listing of component pitch roof is 
to present standardized inspection checklist for easy 
identification of components. This paper serves to promote 
awareness among the various inspectors in building 
inspection about standard component that should inspect 
especially pith roof. 

2. Hierarchical Inspection 
The hierarchical inspection stage is used to describe the 

task in the visual inspection process. Hierarchical 
inspection requires flexible sequence’s structures and 
sub-structures [14]. This inspection processes can provide 
scientific methods to guide the standards and criteria in the 
assessment. This is to ensure the goal of the inspection 
which is to collect information defect on each component 
of the structure without repeated process [59] can be 
achieved. The use of hierarchical inspection also identifies 
the methods of maintenance and costing required for the 
component [63]. Hierarchical inspection aims to help 
minimize the difficulties of inspection by making state 
clearly and in detail the quality assurance activities and 
giving guidelines to the inspector. 

3. Design Standard 
Design standard is important in the design of pitched 

roof. Good roof design ensures that the external surface is 
tightly closed so that it cannot enter the water [47]. A 
design related to pitched roofs should be checked against 
all applicable standards to ensure that it is acceptable. 
Current design rules are seen as too inflexible. This is 

because designers are modified based on experience and 
assume standards as minimum specifications only [37]. 
Standards are represented as databases which are used 
when needed by design conformance checking [57]. But 
stated by [22] checking design conformance with 
governing standards, codes, specifications, regulations, 
and manuals is a mandatory step in designing engineering 
systems 

4. Pitched Roof System 
The roof is the top structure to provide shelter to 

occupant from sunshine and rainwater. The roof is a 
structure that tends to the problem [23]. This is because 
roof defect starts at the external physical part [9]. Roof 
defects are usually ignored until something leakage on the 
ceiling surface. Leaking will cause the structure to become 
decayed [37]. Severe defects result in structure collapse 
when internal component element fails [50]. 

This section presents a description of component in 
design and installation pitch roof. Pitched roofs are greater 
than 10° and less than 75° [16]. The pitch roof system 
should be airtight for the design life of building. These 
components were identified and presented in this paper 
upon the completion of two method tasks. The first task is 
reviewing the published literature in design and 
construction pitch roof such standards and research. The 
second task is interviewing the engineers of roof at 
stakeholder and fabricators to confirm the component of 
pitch roof. These engineers are considering being 
professional experts in the domain of design and 
construction. These components are present in ranking 
order. This is because the inspection process will start on 
the external surface [30],[34] through the internal structure 
of the roof truss [2]. These components are present in 
ranking order from the top to bottom and external to 
internal. 

4.1. External Component Pitched Roof 

The inspection approach for the external roof structure 
components is on the surface of the roof, drainage, eaves, 
and fascia board. Roof tile is inspected by mapping using 
the grid [30]. It is also suggested by [3] the methods and 
techniques of inspection with inspection area plans divided 
into several zones in alphabetical order to obtain the 
current state of the structure. 

4.1.1. Ceiling 
Ceiling installation is an architectural structure to cover 

the inside area of the roof of the building. Ceiling mounted 
on the bottom of ceiling or rafters [7]. 

4.1.2. Roofing Tiles 
Roof tiles are products that are installed continuously on 

the pitched roof produced by the manufacturer. Broken and 
lost tiles are caused by heavy rain or wind [28], [40]. There 
are also tile pieces that are not properly installed where 
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connectivity is loose[60]. The roof tile installed without 
proper connection causes the flow of rainwater into the 
roof structure [1]. The roof inspection by [60] found that 
there were not properly installed roof tiles which caused 
the gap between the tiles and the tiles to be loose. 

4.1.3. Ridge Tiles 
Tiles should be overlapped at least 65mm or 

recommended by the tile manufacturer. The mortar should 
be placed to avoid separating the joint between the tiles 
(BS 5534: 2013). 

4.1.4. Mortar 
Installation of mortar on roof tile sets is covered by 

concrete and tile installation is manual. The mortar is used 
to tie between tiles and provide strength to prevent tiles 
removed from wind resistance [16]. Another aspect to 
consider in mortar inspection is that mortar is cracked after 
several years of installation.  

4.1.5. Lightning Conductors 
Lighting conductors should be mechanically fixed to 

resist wind loads and should adhere to [18]. Lightning 
conductors should be fitted to roofs of tall buildings in 
exposed positions. 

4.1.6. Solar Panels 
Solar panels should be in a position that does not 

compromise the integrity of the roof covering and should 
be mechanically fixed to resist the calculated wind loads 
for the building, its location and in accordance with the 
manufacturer’s sitework instructions. 

4.1.7. Ventilation Products 
Ventilation products provide air passage from the 

outside environment into and / or out the roof space for 
ventilation in building. There is no British Standard for 
ventilation products [16].  

4.1.8. Valley Tiles 
The tile is used for interring two sloping pitch roofs. 

Ensure that continuous support is provided for ends tiles. [6] 
mention at the tile side installation of not less than 
minimum 65mm is mounted without mortar or nail. Valley 
width should be not less than 100mm. 

4.1.9. Hip Tiles 
The lap on the upper tiles must not be less than minimum 

lapof 75mm [16]. Lap tiles shall be placed mortar. 

4.1.10. Verges Tiles 
The unsupported side of the roof shall be not less than 

38mm and not more than 50mm [16]. Using the side cover 
on the tile is installed according to manufacturer's 
requirements and shall be tied with screws [4]. Side cover 
should be installed in parallel at the end of the slope [58]. 

4.1.11. Fascia Boards 

Fascia boards should be supported with fittings or 
suitable products to prevent deterioration [16]. 

4.1.12. Gutter 
The gutter will be installed around the building 

parameters to discharge rainwater [5]. Drainage 
installation should be in acceptable position for the path 
from the roof which is fully supported to prevent the 
deterioration and water ponding [19]. Gutter is situated 
outside the building and supported by brackets. Lap metal 
drain is between 20mm to 25mm, and each overlap must be 
paved [10]. 

4.1.13. Down Pipe 
Pipe is fitted to a gutter to lead rainwater from the gutter 

to the drainage system or sewer [19]. Down pipes should be 
tied with bolts and nuts, screws or welding. 

4.2. Internal Component Pitched Roof 

The roof truss inspection method should be carried out 
from one structure to another structure [13]. 

4.2.1. Ridge Beam 
The ridge is the connector for the stability of the top of 

the rafters [38] and as setting the distance for the top of the 
roof [16]. Roof ridge runs perpendicular to the slope of the 
roof, either single or continuous span and may cantilever to 
support a verge overhang. 

4.2.2. Jack Rafter 
Short rafter adjacent with a hip rafter or valley rafter 

4.2.3. Main Rafter 
The structure is installed with the same thickness, bound 

by metal plate fasteners or plywood gussets. Rafters are 
roof members which run parallel to the fall of the roof and 
support roof battens or purlins. They may also support 
ceilings, either directly or via ceiling battens or joists [15]. 
The minimum distance of rafters is between 400mm to 
600mm [15] or between 450mm to 1200mm [38]. 

4.2.4. Struts 
To give support to purlin to prevent deflection and 

transmit roof loading to loadbearing structure below [16]. 
The struts size is normally 70mm x 70mm [11]. 

4.2.5. Collar Tie 
Collar tie is installed on two raft structures and 

supported by struts [11]. Collar ties the roof together at 
purlin level and the size of the collar is minimum 70mm x 
35mm [16]. 

4.2.6. Purlin 
Support long span rafters to prevent deflection and 



1236 Identify Visual Component Inspection for Design Non-Destructive Pitch Roof Checklist  
 

increase stiffness [15]. Beam parallel to the eaves giving 
support to sheeting or decking on pitched roofs. The 
minimum distance of purlin is between 1.2m up to 2.4m 
[16]. While the standard [38] states between 1.8m to 3.6m. 

4.2.7. Roofing Underlay 
An underlay should be installed for tiled roof [21]. The 

underlay will be placed on the rafter to avoid air entering 
the roof space to reduce condensation [20]. Underlay 
installed on rafter surfaces and under batten [12]. Lap the 
underlay on the side not less than 100mm while lap on the 
head not less than 75mm to 225mm [16]. 

4.2.8. Batten 
Batten installation is for putting roof cover which is 

mounted on the rafter. The size, spacing and fixing of roof 
battens or purlins shall be in accordance with the approved 
specifications. Batten size is not less than 38mm wide x 
25mm in length [16]. 

4.2.9. Bracing 
Each roof structure should be bonded to each other in 

order to move the load to the support structure [8]. Each 
roof structure should ensure good stability by installing 
bracing at least size 100mm x 25mm [54]. The building 
designer should be responsible for designing this additional 
bracing and verifying the overall stability of the masonry 
wall [17]. 

4.2.10. Hanging Beam 
Hanging beams are used to provide support for ceiling 

joists where supporting walls are widely spaced [11]. They 
are installed in the roof cavity above the ceiling joists, 
which are attached to the bottom edge. Distance between 
beams is between 1600mm to 3400mm. Hanging beam size 
is between 100mm x 38mm to 300mm x 50mm. 

4.2.11. Strutting Beams 
Strutting beams can be regarded as a ceiling member 

because it is fitted in parallel with the ceiling girder [11]. 
Strutting beams are near horizontal, single span beams 
installed within the roof space, clear of ceilings, which 
provide support to under purlins via struts. Strutting beam 
size 125mm x 38mm to 350mm x 75mm. The distance 
between beams is 2100mm to 5000mm. 

4.2.12. Water Tanks 
Whenever possible, supports for water tanks should be 

independent of the trussed rafters. The platform the water 
tank should fully support the tank over at least its entire 
plan area. The platform material should be a minimum 18 
mm thick timber boarding or moisture resistant 
wood-based material [15]. 

4.2.13. Ceiling Joist 
Ceiling joists are closely spaced members primarily 

intended to support ceiling linings attached to their bottom 
edge. Ceiling joist is mounted close if there is support such 
as pole to support the ceiling [11]. The minimum distance 

is 400mm to 600mm [16] and the ceiling joist size is 
between 75mm x 38mm to 200mm x 50mm [11]. 

4.2.14. Ceiling Batten 
Ceiling battens are closely spaced continuously 

spanning members attached to the underside of rafters, 
ceiling joists, floor joists or trusses that provide direct 
support for ceiling linings [11]. The minimum distance is 
1.2m to 2.1m [16] and 300mm to 600mm [11]. 

4.2.15. Wall Plate 
The rafter usually supported on wall plates on flat 

surface. [8] stated wall plates are used to support roof truss 
structures. Designers should ensure flat wall plates for the 
rafter in the upright and straight arrangement [17]. 

4.2.16. Counter Beam 
A counter beam is a ceiling member running parallel to 

ceiling joists and usually between them which provides 
support for hanging beams. The hanging beams are 
assumed butted to the sides of the counter beam. 

5. Design Checklist 
Inspection items should be logical, consistent, and clear 

to ensure that inspectors conduct inspection based on the 
same working instructions. Checklist is a systematic 
process for sequence method action to be taken to validate 
the work repair by assessing level of defect [67]. It has 
been explained by [48] that the inspectors should follow 
the work procedures by identifying the components to be 
checked. A good checklist can help if inspector has no 
expertise in any area [11]. Checklist is also the best method 
for less experienced inspector [11]. The standard checklist 
can help in the examination method to avoid differentiated 
information by various experiences, knowledge, and 
opinions [44]. It also can provide a rational framework for 
obtaining assessment results. 

This preparation can reduce the various designs at 
different stages of the design development, avoid same 
mistake of design error in next project and easy to 
inspector to determine the components to be checked. If 
no guideline in inspection also causes inspection without 
parameter and wasting the time [36]. The guideline to 
ensure that each structure can be checked and avoid any 
overlooked component [42]. 

6. Methodology 
Initial qualitative analysis is often encountered in the 

event of various choices and requires a strategy to conduct 
analysis. The purpose of this method is the commonly 
used and straightforward option for analyzing qualitative 
data [66]. To achieve the stated objectives of this research, 
the following has been conducted. 
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6.1. Literature Research 

Literature review is a research method related to the 
identification and evaluation that may be referred those 
responsible from researchers, academics and practitioners 
who have been recorded [51]. Analyze the published 
literature in the domain of pitch roof installation in building 
project to identify the list of components and 
subcomponent design. The literature approaches standards 
from a variety of perspectives. Standards from Malaysia, 
America, British and Australia are also used as guidelines 
in design classification samples. 

6.2. Site Observation 

The observation inspection is conducted to obtain an 
overview of the information on the structure based on 
literature review. Observation is based on the 
self-experience or others to provide actual information [45]. 
Site visits observations are used as prerequisites for data 
collection to test the design of the proposed model [2]. This 
observation is conducted to see the real situation for basic 
information on components installation and defects that 
exist. This is to make comparisons through literature 
review and actual situations on the site visit. 

6.3. Preliminary Data Collection 

In the third of study, we complemented the survey with 
interview [61]. The interviews served to confirm the 
identified list of components and subcomponent pitch roof 
during the design and construction phase in Malaysia. 
Structured interviews and focus groups were carried out 
with three (3) key stakeholders. The preliminary data 
collection process to study previous research or model has 
been developing by conducting interviews that are gained 
with three (3) expert stakeholders. 

The selection of stakeholders of expert is to assist in 
terms of knowledge, research, and practitioner. The 
stakeholder expert is comprised of engineers and an 
architect is a representative profession in any matter at 
local and international levels. Stakeholders also design and 
help in advising to government, local authorities on rules of 
design. Always provide technical training and activities to 
increase the level of competence and understanding of 
engineering structures. The detail of finding has provided 
foundation to suggest recommendation listing of 
components pitched roof. 

This interview aims to identify, arrange and map 
component on pitch roof structure in accordance with the 
construction sequence. The experience profiles of the 
expert stakeholder have 10 years or more than of 
professional experience. They were asked to indicate needs 
or not component based on information difference, and 
they participated in during the requirements engineering 
phase in similar vein than in the survey. 

Table 1.  External Component Pitched Roof 

No Component Expert 
1 

Expert 
2 

Expert 
3 Agreement 

1. Ceiling    3/3 

2. Roofing 
Tiles    3/3 

3. Ridge Tiles    3/3 

4. Mortar    3/3 

5. Soffit Board    3/3 

6. Solar Panels X X X 0/3 

7. Ventilation 
Products X X X 0/3 

8. Valley tiles    3/3 

9. Hip tiles    3/3 

10. Verges Tiles    3/3 

11. Fascia 
Boards    3/3 

12. Gutter X X  1/3 

13. Down pipe X X  1/3 

Table 2.  Internal Component Pitched Roof 

No Component Expert 
1 

Expert 
2 

Expert 
3 Agreement 

1. Ridge beam    3/3 

2. Main rafter    3/3 

3. Jack rafter    3/3 

4. Struts    3/3 

5. Collar Tie    3/3 

6. Valley rafter    3/3 

7. Valley jack 
rafter    3/3 

8. Hip rafter    3/3 

9. Hip jack 
rafter    3/3 

10. Purlin X X  1/3 

11. underlay X X  1/3 

12. Batten    3/3 

13. Bracing X X  1/3 

14. Hanging 
Beam X X  1/3 

15. Strutting 
Beams X X  1/3 

16. Water tanks X X  1/3 

17. Ceiling Joist    3/3 

18. Wall plate    3/3 

19. Verge Rafter    3/3 

20. Counter 
Beams X X  1/3 

Listing of components pitched roof involves 
stakeholders in work product under review during activity 
and inspection as shown in Table 1 and 2. It attempts to 
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better integrate inspection with development activities and 
to reduce the perception in inspection as an unproductive 
add on activity. It requires stakeholder to help a normal day 
activity to achieve desired product qualities. This 
discussion is more effective about issues in work product 
under inspection that can interfere with completion of those 
activities. 

6.4. Listing Component in Pitch Roof Systems 

Listing of the identified in pitch roof systems was 
conducted. The survey respondents confirmed that these 
designs typically occur due to fabricator pitch roof experts’ 
involvement during the design development and 
construction. 

6.5. Description of the Respondents 

An appointed panel of experts was assessed in 
construction from engineering organizations in pitch roof 
[56]. The expert selection sample is an individual who 
manages from the design stage, the selection of building 
materials, installation until a construction project is 
completed. In this category individuals need to have work 
experience of at least two (2) years to five (5) years of 
competent expertise [29]. 

There are suggestions from [49] to approach identifying 
the experts by comparing in terms of education in field 
related and specialization work. 

Components of external and internal pitched roofs have 
been selected based on advice from stakeholder expert and 
on a thorough literature review. This listing of component 

has been assessed by 30 expert fabricators in a survey 
using questionnaire. A questionnaire survey to evaluate 
the importance level of each of the 31-listing component 
in pitch roof has been developed. Experts are required to 
indicate (X) the import Likert method for identified 
component listing by selecting one out of five assessment 
terms. These terms were 1 "very unnecessary needed", 2 
"no needed", 3 "slightly needed", 4 "need" and 5 "strongly 
need”. In this context the expert was a person with two (2) 
until fifteen (15) years’ experience in pitch roof fabricators. 
All the professional experts have an academic degree in 
bachelor civil engineering. 

7. Analysis 
This research identified and assessed the most 

significant pitched roof system design in building 
construction in Malaysia. The research confirmed the high 
significance of all the identified pitched roof designs as 
shown in table 3 and table 4. 

7.1. Analysis of the Component in Pitched Roof 

This research identified and assessed the most 
significant component listing design in pitched roof project 
in Malaysia as shown in Table 3 and 4. The assessment 
results indicate that all the identified internal and external 
components were assessed as needed or slightly needed. 
This selection is based on the design and construction 
categories contained in the roof elements. 

Table 3.  Analysis External Component Pitched Roof 

Component Mean Median Mode (Level of 
Needed) 

Standard 
Deviation 

Interval 
quartiles Consensus Value 

Ceiling 3.76 4.00 Needed .739 1 High 

Ridge Tiles 4.34 4.00 Needed .484 1 High 

Mortar 4.07 4.00 Needed .258 0 High 

Roofing Tiles 4.14 4.00 Needed .351 0 High 

Valley tiles 3.97 4.00 Needed .325 0 High 

Verges Tiles 4.00 4.00 Needed .378 0 High 

Hip tiles 3.62 4.00 Needed .494 1 High 

Fascia Boards 3.79 4.00 Needed .412 0 High 

Soffit Board 3.76 4.00 Needed .435 0 High 

Gutter 3.72 4.00 Needed .455 1 High 

Down pipe 3.72 4.00 Needed .455 1 High 
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Table 4.  Assessment Internal Component Pitched Roof 

Component Mean Median Mode (Level of 
Needed) 

Standard 
Deviation 

Interval 
quartiles Consensus Value 

Ridge beam 4.34 4.00 Needed .484 1 High 

Main rafter 4.41 4.00 Needed .501 1 High 

Struts 3.59 4.00 Needed .825 1 High 

Collar Tie 3.59 4.00 Needed .501 0 High 

Valley rafter 3.97 4.00 Needed .325 0 High 

jack rafter 4.00 4.00 Needed .378 0 High 

Hip rafter 4.00 4.00 Needed .378 0 High 

Hip jack rafter 4.00 4.00 Needed .378 1 High 

Purlin 3.52 4.00 Needed .509 1 High 

Underlay 3.34 3.00 Slightly Needed .484 0 High 

Batten 4.14 4.00 Needed .351 1 High 

Hanging Beam 3.41 3.00 Slightly Needed .501 1 High 

Strutting Beams 3.41 3.00 Slightly Needed .501 1 High 

Ceiling Joist 3.41 3.00 Slightly Needed .501 1 High 

Ceiling Binder 3.41 3.00 Slightly Needed .501 1 High 

Bracing 3.41 3.00 Slightly Needed .501 1 High 

Wall plate 3.41 3.00 Slightly Needed .501 1 High 

Water tanks 3.41 3.00 Slightly Needed .501 1 High 

Water pipe 3.41 3.00 Slightly Needed .501 1 High 

Base Tank 3.41 3.00 Slightly Needed .501 1 High 

 
Based on the table that has presented eleven (11) 

external components and twenty (20) for internal 
component pitched roof, for external component found 
tiles components such as ridge, mortar, roof, valley, and 
verges were recognized by experts to be needed in pitched 
roof design. The expert agreed with the overall external 
components that have been presented which experts have 
given the need level with mean values between 3.62 and 
4.34. 

For internal component designs, finding ten (10) 
components ‘needed’ in listing pitched roof while nine (9) 
only ‘slightly needed’. There are components specified by 
experts installed based on the suitability of the design due 
to suitability functions such as: 
(1) Purlin function to improve the stability of the wide 

roof span provides additional support depending on 
the load. 

(2) The main task of gutter is to drain water into the 
building drainage but require additional maintenance 
costs if the gutters are blocked. If rain is too heavy it 
will cause gutter to not hold much water until it spills 
into the roof. 

(3) Strutting beam to support roof members and install 
below under purlin.  

(4) Hanging beam is to reduce the ceiling binder span. It 
is to support ceiling joist and ceiling panel. 

(5) The roofing underlay is a thermal insulation tool and 
requires a high installation cost. 

(6) Water tank and accessories are not component in 
pitched roof but located at roof area. 

7.2. Validation Design Checklist for Component 
Pitched Roof System. 

This section presents the development of inspection 
design review checklist component pitched roof to be 
considered by the professional experts. The checklists were 
developed based on the identification and analysis of the 
listing component. 

The development checklist can be considered external 
and internal component pitched roof. 

The inspection checklists were validated by the 
interview experts from stakeholder and roof fabricator to 
get feedback on the development of this checklist. 
Validation of design work is important to influence 
performance and define perception functionality [46]. The 
checklist has been distributed to seven experts to assess and 
assist this design. Experts are asked to comment on 
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well-organized checklists and easy-to-understand structure 
components. The validation procedure of the inspection 
checklist utilized the previously stated methodology for 
assessing the component pitched roof system design. 

8. Conclusions 
The attention to maintainability concern during the 

design development is to provide potential for delivering 
high level of comfort and safety to building occupant, 
reducing maintenance cost, and life cycle cost of the 
building. This paper presented thirty-one (31) listings of 
component external and internal pitched roof based on 
assessment of the professional expert in fabrication 
pitched roof. The research also presents to validate 
inspection design review checklist for consideration by 
professional expert. The checklists were developing based 
on identification and analysis of the component listing. 
This is advantageous to provide standard framework 
inspection and design to component pitched roof on field 
activities. This paper works to promote awareness among 
the various experts in pitched roof design regarding the 
benefits of building inspection. Experts will give a view 
based on their knowledge and experience on the 
components to be checked. 

 

REFERENCES 
[1] Ali, A. S., Keong, K. C., Zakaria, N., Zolkafli, U., & 

Akashah, F. (2013). The effect of design on maintenance for 
school buildings in Penang, Malaysia. Structural Survey, 
31(3), 194–201. 

[2] Alani, A. M., Petersen, A. K., & Chapman, K. G. (2001). 
Applications of a developed quantitative model in building 
repair and maintenance-case study. Facilities, 19(5/6), 215–
222. 

[3] Arthur L. Sanders, A. (2007). Regular Inspections Are Key 
to Building Envelope Integrity. Journal of Architectural 
Technology. 

[4] AS 2050, (2002). Installation of roof tiles. 

[5] AS 2179, (2014). Specifications for rainwater goods, 
accessories and fasteners. 

[6] AS 2180, (1986). Metal rainwater goods specification. 

[7] AS 2946, (1991). Suspended ceilings, recessed luminaires 
and air diffusers - Interface requirements for physical 
compatibility. 

[8] AS 4440, (2004). Installation of nailplated timber roof 
trusses 

[9] Auld, H., Klaassen, J., & Comer, N. (2007). Weathering of 
building infrastructure and the changing climate: adaptation 
options. Atmospheric Science, 3, 5T4. 

[10] AS/ NZS 3500, (2003). Plumbing and drainage Set. 

[11] AS/ NZS 4063, (2005). Characterization of structural 
timber. 

[12] AS/NZS 4200, (1994). Pliable building membranes and 
underlays 

[13] Bouldin, J. C., Loferski, J. R., & Hindman, D. P. (2013). 
Inspection of Metal Plate--Connected Wood Trusses in 
Residential Construction. Practice Periodical on Structural 
Design and Construction, 19(2), 4014009. 

[14] Briffett, C. (1985). Roof space surveying. Structural Survey, 
3(2), 110–114. 

[15] BS 5268, (1989). Structural use of timber.  

[16] BS 5534, (2014). Slating and tiling for pitched roofs and 
vertical cladding. Code of practice. 

[17] BS 8103, (2011). Structural design of low-rise buildings 

[18] BS EN 62305, (2011). Protection against lightning. 
Physical damage to structures and life hazard  

[19] BS EN 12056, (2000). Gravity drainage systems inside 
buildings. Roof drainage, layout and calculation. 

[20] BS EN 13859, (2014). Flexible sheets for waterproofing. 
Definitions and characteristics of underlays. Underlays for 
discontinuous roofing 

[21] BS EN 13707, (2013). Flexible sheets for waterproofing - 
Reinforced bitumen sheets 

[22] Carnahan, L. J., Rosenthal, L. S., & Skall, M. (2001). 
Conformance Testing and Certification Framework. 704. 

[23] Carretero-Ayuso, M. J., & de Brito, J. (2016). 
Multiparameter Evaluation of Deficiencies in Tiled Pitched 
Roofs. Journal of Performance of Constructed Facilities, 
31(2), 4016097. 

[24] Das, S., & Chew, M. Y. L. (2011). Generic method of 
grading building defects using FMECA to improve 
maintainability decisions. Journal of Performance of 
Constructed Facilities, 25(6), 522–533. 

[25] De Silva, N., Ranasinghe, M., & De Silva, C. R. (2012). 
Risk factors affecting building maintenance under tropical 
conditions. Journal of Financial Management of Property 
and Construction, 17(3), 235–252. 

[26] Drury, C. G., & Watson, J. (2002). Good practices in visual 
inspection. Human Factors in Aviation Maintenance-Phase 
Nine, Progress Report, FAA/Human Factors in Aviation 
Maintenance.@ URL: Http://hfskyway. Faa. Gov. 

[27] Elhakeem, A., & Hegazy, T. (2005). Towards a visual 
guidance system for condition assessment of the building 
infrastructure. In Proceedings of 1st CSCE Specialty 
Conference on Infrastructure Technologies, Management, 
and Policies, CSCE, Toronto, Ontario, Canada, June (pp. 
2–4). 

[28] Ferrante, R. L., Faulkner, D. H., Huber, E. R., & Murray, P. 
L. (2009). Roof tile attachment method. Google Patents. 

[29] Flores-Colen, I., de Brito, J., & Freitas, V. (2009). 
Discussion of criteria for prioritization of predictive 
maintenance of building fa{ç}ades: Survey of 30 experts. 
Journal of Performance of Constructed Facilities, 24(4), 
337–344. 



 Civil Engineering and Architecture 10(3): 1233-1242, 2022 1241 
 

[30] Garcez, N., Lopes, N., de Brito, J., & Silvestre, J. (2012). 
System of inspection, diagnosis and repair of external 
claddings of pitched roofs. Construction and Building 
Materials, 35, 1034–1044. 

[31] Grussing, M. N., Uzarski, D. R., & Marrano, L. R. (2006). 
Condition and reliability prediction models using the 
Weibull probability distribution. In Applications of 
Advanced Technology in Transportation (pp. 19–24). 

[32] Hollis, M. (1984). Survey of an office building. Structural 
Survey, 2(1), 47–51. 

[33] Holmes, A. (2005). The impact of long-term loading and 
changes in moisture content and relative humidity on timber 
purlins and beams. Journal of Building Appraisal, 1(3), 
200–209. 

[34] Hong, C. H. (2016). Investigation of Defects in New 
Buildings in Malaysia. UTAR. 

[35] Hoxley, M. (2002). Condition inspections of residential 
property: a procedural framework. Structural Survey, 20(1), 
31–35. 

[36] Ifran Che-Ani, A., Samsul Mohd Tazilan, A., & Afizi 
Kosman, K. (2011). The development of a condition survey 
protocol matrix. Structural Survey, 29(1), 35–45. 

[37] Ilozor, B. D., Okoroh, M. I., Egbu, C. E., & others. (2004). 
Understanding residential house defects in Australia from 
the State of Victoria. Building and Environment, 39(3), 
327–337. 

[38] JKR 20601-0186-11. Specification pre fabricated cold 
formed steel roof trusses. 

[39] Jonsson, A., & Svingby, G. (2007). The use of scoring 
rubrics: Reliability, validity and educational consequences. 
Educational Research Review, 2(2), 130–144. 

[40] King, P. M. (2014). Drainage panel. Google Patents. 

[41] Kitchenham, B. (2004). Procedures for performing 
systematic reviews. Keele, UK, Keele University, 33(2004), 
1–26. 

[42] Laefer, D. F., Gannon, J., & Deely, E. (2010). Reliability of 
crack detection methods for baseline condition assessments. 
Journal of Infrastructure Systems, 16(2), 129–137. 

[43] Lateef, O. A. (2009). Building maintenance management in 
Malaysia. Journal of Building Appraisal, 4(3), 207–214. 

[44] Lomas, D. W. (1997). Team inspections of high-rise 
buildings in Hong Kong and the UK. Structural Survey, 
15(4), 162–165. 

[45] Lawrenz, F., Keiser, N., & Lavoie, B. (2003). Evaluative 
site visits: A methodological review. The American Journal 
of Evaluation, 24(3), 341–352. 

[46] Maropoulos, P. G., & Ceglarek, D. (2010). Design 
verification and validation in product lifecycle. CIRP 
Annals, 59(2), 740–759. 

[47] Mijinyawa, Y., Adesogan, S. O., & Ogunkoya, O. G. (2007). 
A survey of roof failures in Oyo State of Nigeria. Journal of 
Building Appraisal, 3(1), 52–58. 

[48] Morgado, J., Flores-Colen, I., de Brito, J., & Silva, A. 
(2017). Maintenance Planning of Pitched Roofs in Current 

Buildings. Journal of Construction Engineering and 
Management, 143(7), 5017010. 

[49] Mockus, A., & Herbsleb, J. D. (2002). Expertise browser: a 
quantitative approach to identifying expertise. In 
Proceedings of the 24th international conference on 
software engineering (pp. 503–512). 

[50] Oberle, R., & James, W. G. (2008). Developing O&M plans 
for homeowners associations: Case study. Journal of 
Architectural Engineering, 14(3), 76–84. 

[51] Okoli, C., & Schabram, K. (2010). A guide to conducting a 
systematic literature review of information systems 
research. 

[52] Olanrewaju, Khamidi, M. F., & Idrus, A. (2010). 
Quantitative analysis of defects in Malaysian university 
buildings: Providers’ perspective. Journal of Retail & 
Leisure Property, 9(2), 137–149. 

[53] Olubodun, F. (2000). A factor approach to the analysis of 
components’ defects in housing stock. Structural Survey, 
18(1), 46–58. 

[54] PD 6693-1, (2012) Recommendations for the design of 
timber structures to Eurocode 5: Design of timber structures. 
General. Common rules and rules for buildings  

[55] Prajapati, A., Bechtel, J., & Ganesan, S. (2012). Condition 
based maintenance: a survey. Journal of Quality in 
Maintenance Engineering, 18(4), 384–400. 

[56] Poleacovschi, C., & Javernick-Will, A. (2017). Who Are 
the Experts? Assessing Expertise in Construction and 
Engineering Organizations. Journal of Construction 
Engineering and Management, 143(8), 4017033. 

[57] Rasdorf, W. J., & Wang, T. E. (1988). Generic design 
standards processing in an expert system environment. 
Journal of Computing in Civil Engineering, 2(1), 68–87. 

[58] SA HB 39, (2015). Installation code for metal roof and wall 
cladding. 

[59] Saaty, T. L. (2005). The analytic hierarchy and analytic 
network processes for the measurement of intangible 
criteria and for decision-making. In Multiple criteria 
decision analysis: state of the art surveys (pp. 345–405). 
Springer. 

[60] Schabowicz, K. (2015). Methodology of non-destructive 
evaluation of the cement tiles roof using ultrasonic method. 

[61] Simiyu, S., Swilling, M., Cairncross, S., & Rheingans, R. 
(2017). Determinants of quality of shared sanitation 
facilities in informal settlements: case study of Kisumu, 
Kenya. BMC Public Health, 17(1), 68. 

[62] Skrzypczak, I., Słowik, M., & Buda-Ożóg, L. (2017). The 
application of reliability analysis in engineering 
practice--reinforced concrete foundation. Procedia 
Engineering, 193, 144–151. 

[63] Straub, A. (2002). Using a condition-dependent approach to 
maintenance to control costs and performances. Journal of 
Facilities Management, 1(4), 380–395. 

[64] Straub, A. (2009). Dutch standard for condition assessment 
of buildings. Structural Survey, 27(1), 23–35. 

[65] Tannert, T., Anthony, R. W., Kasal, B., Kloiber, M., Piazza, 
M., Riggio, M., … Yamaguchi, N. (2014). In situ 



1242 Identify Visual Component Inspection for Design Non-Destructive Pitch Roof Checklist  
 

assessment of structural timber using semi-destructive 
techniques. Materials and Structures, 47(5), 767–785. 

[66] Thomas, D. R. (2006). A general inductive approach for 
analyzing qualitative evaluation data. American Journal of 
Evaluation, 27(2), 237–246. 

[67] Verdaasdonk, E. G. G., Stassen, L. P. S., Widhiasmara, P. P., 
& Dankelman, J. (2009). Requirements for the design and 
implementation of checklists for surgical processes. 
Surgical Endoscopy, 23(4), 715–726.

 


	1. Introduction
	2. Hierarchical Inspection
	3. Design Standard
	4. Pitched Roof System
	5. Design Checklist
	6. Methodology
	7. Analysis
	8. Conclusions
	REFERENCES

