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Abstract: The condition of 72 newly completed 2-story terraced houses was evaluated. This study aims to
verify the result of Condition Survey Protocol (CSP) 1 matrix analysis and to identify critical defects of the
houses based on building components by using multiple logistic regression. The findings showed that the most
defective components require, further construction and maintenance. Data were collected by using a building
condition survey (visual mspection). The inspection form and reporting procedure were completed based on
the format of C3P1 matrix. Statistical package for social sciences was used for the analysis. The CSP1 matrix
analysis found 2,119 defects in the houses. The cumulative score was 27,644 and the overall rating was 13.05
which indicate low construction quality and failure of the newly completed terraced houses to pass an
acceptable standard for new houses. Results of the multiple logistic regression analysis verified the validity
of the CSP1 matrix. Components and sub-components of the houses with the highest number of critical defects
were also 1dentified. This study highlighted the defects of the newly constructed houses, as determined in the
survey. The findings could assist developers and contractors mn improving their construction quality
performance.
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INTRODUCTION

A house is one of the basic needs of an individual.
Housing demand increases almost every year which
causes property values to rise. People dream of owning a
house because a house i1s where they can raise a family.
However owning a house is a challenge, particularly for
low-income citizens because of increasing housing prices.
Ensuring good quality housing is important to give
people good value for their money.

Malaysia is continuously working to improve the
standard of living of its citizens. Housing development
projects, buildings and infrastructure are undergoing the
same improvement process. In any country, housing
development 1s crucial to meet the basic needs of people.
Unfortunately, based on the curent scenario of the
Malaysian housing industry, new houses with multiple
defects are common in the country. However, this
situation does not mean that newly built houses
should always be defect free. Manufacturing theory
holds that a defective product will appear despite good
quality control.

An acceptable construction product is the standard
of quality for new housing construction. The standard

requires the research of the developer to be acceptable
and for construction quality to be improved continuously.
Hence, this research is conducted to assess the quality of
a newly constructed house and determine whether or not
it meets housing quality standards.

Literature review: The construction industry is important
to the growth of a nations economy because it drives
economic development through its multiplier effects on
other industries, including manufacturing, finance and
education (Hussein ef al., 2009). The construction
industry, also improves the quality of Malaysians lives in
terms of various aspects of physical development.
International conventions have declared housing a basic
human right. Therefore, housing quality 1s important
because it 1s assoclated with the quality of life of
residents (Yahaya, 1998). Good housing quality indicates
that a basic human right is provided. Yahaya (1998)
concluded that housing quality could be assessed
objectively and subjectively by considering the condition
of the house when it was first occupied.

Building inspectors can collect objective data on the
status of a building by using a construction standard and
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then reporting the data to the property manager (Straub,
2009). Quality indicators of the condition of the building
are based on medels developed to measure the
performance and quality of the building. Previous
research indicated that the Building Environmental
Performance Analysis System (BEPAS) is related to the
quality mdicator. BEPAS was developed based on the life
cycle assessment framework for the first building in China
(Zhang et al., 2004).

Many previous studies investigated defects during
post-construction of a building, including its operation
and maintenance. However, few studies focused on
building defects during the design and construction
phases (Josephson and Hammarlund, 1999). The current
study focuses on newly completed construction projects
and supports the ideas of Josephson and Hammarlund
(1999). Such focus was given because building defects at
the operational/maintenance phase are influenced by
defects that occur in the construction process (Josephson
and Hammarlund, 1999).

Tam et al. (2000) reviewed the effectiveness of the
Performance Assessment Scoring System (PASS) which
15 mmplemented to assess the ability of Hong Kong
contractors to manage a project according to established
standards. The PASS 15 comsidered an effective
evaluation and incentive system to encourage continuous
quality improvement. However, an analysis of PASS
scores showed that construction quality did not
unprove. Therefore, Tam ef al. (2000) recommended
several steps to achieve continuous quality improvement
in public housing construction.

Assessing the condition of houses is very important
to meet the needs of buyers. According to Crosby (1979),
housing quality should meet requirements. Juran (1589)
suggested that a quality management system is
successful if it averts failures. Quality is defined in the MS
IS0 8402-1986 as the properties and characteristics of a
product or service that can meet the expressed or implied
needs of people. According to Kazaz and Birgonul (2005),
homeowners renovate their house because they are
dissatisfied with its quality and the services provided in
their housing wunits. This finding supports the
statemnent that quality 1s related to the needs and wants of
the customer.

Evaluating housing condition 1s also important to
ensure the health and safety of occupants. Structural
failure may result in loss of life and property damage.
Reese (2004), concluded that maintenance significantly
mnfluences building safety and the health of the residents.
Therefore, assessing housing conditions is essential to
obtain mformation for effective mamtenance research.
Moreover, housing construction quality is reflective of
the skill and reputation of the developer.
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Building defects result from the non-fulfillment
of intended wusage requirements (Josephson and
Hammarlund, 1999). Ali described 6 common building
defects, namely, crack, moisture, peeling, painting defect,
rust and rot. Molkhtar, classified 14 general types of
building defects, including leak, bend, rust, rot, moisture,
sedmmentation and crack. Mokhtar, also stated that some
defects occur because of design errors, construction
errors and building misuse.

Ramly (2004) analyzed factors of concrete defects in
Malaysia and identified 7 types of defects, namely; crack,
failed jointing, leaking, corrosion of steel reinforcement,
sedimentation, honeycombing and dismtegration of
concrete that generally occur in concrete structures.
Ramly (2004) determined the following 5 main factors of
concrete structure defects: Design error, building material,
geotechnique, construction errors and unpredicted errors.
All and Wen (2011) stated that poor worlsmanship of
contractors 1s the main factor that contributes to poor
construction quality. Such poor worksmanship is caused
by insufficient research experience and incompetent
work performance. Ahmed e al. (2013) identified poor
construction quality, as a factor m generating or
producing defects.

This literature review suggests that a building
condition survey, particularly in newly completed
construction products should be conducted to monitor
construction defects. A condition survey is part of a
professional quality management approach. Professional
involvement in  quality management improves
construction quality (Mills et al., 2009). A professional
approach supports continuous quality improvement by
enabling developers to identify and prioritize the most
defective components. This idea coincides with the
conclusion of Kian (2001) who stated that authorities
should study common defects and work with the
construction team to reduce building defects.

MATERIALS AND METHODS

This study evaluates 72 newly completed terraced
houses. The building condition survey 1s conducted by
using protocol 1 (visual inspection) techniques. The
research sample 15 a group of terraced houses located in
the housing area of Bangi, Selangor. Table 1 shows the
housing projects completed i the research area.

Table 1 illustrates 8 phases of the housing project in
the research area. The 6th phase is selected for this
research because its completion time 13 appropriate for the
research period. All 72 houses are developed under one
development scheme by the same developer and
contractor. These houses are assigned codes from R1-72
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Table 1: Construction date of housing project phases within the research area

Table 3: Priority assessments (Che-Ani et al., 2011)

No. of Extension Turnkey Priority Scale value Description (value)
Project sold  No. of Starting date  Duedate  of Time date Normal 1 Functional, only cosmetic defect
phases units units (construction) (construction) (EOT)  (buyers) Routine Minor defect but can lead to serious defect
1 90 90 06/11/07 05/02/07  14/09/09 07/10/09 if left unattended
2 60 60 05/05/08 04/08/09  25/02/10 27/03/10 Urgent 3 Serious defect cannot function to an
3 32 32 05/05/08 04/08/09  11/12/09 08/05/10 acceptable standard
4 28 28 04/02/09 04/02/10  11/12/09  29/04/10 Emergency 4 Element/structure cannot function at all or
5 79 79 16/10/08 15/01/10  30/0710 1771010 risk that can lead to fatality and/or injury
6 72 72 12/08/09 11/11/10  14/03/11 29/07/11
7 18 18 20/11/09 1911710 11/04/11 30/12/11 Table 4: CSP1 Matrix scoring system (Che-Ani ef @l., 2011)
8 37 37 02/04/10 01/0711  0311/11  27/03/12 Priority assessment
Table 2: Condition assessment protocol 1 (Che-Ani et @i., 2011) Scale E4 u3 R2 N1
Condition Scale value Description (value) Condition assessment
1 Good Minor servicing 5 20 15 10 5
2 Fair Minor repair 4 16 12 8 4
3 Poor Major repair/replacement 3 12 9 6 3
4 Very poor Malfunction 2 8 4] 4 2
5 Dilapidated Damage/missing to replace 1 4 3 2 1

for the analysis. Theoretically, the data can be considered
consistent because the product (house) belongs to the
same construction project.

The selected project is the construction of 2-story
terraced houses. The average floor area of a house 1s
22x75 square feet. This housing project is designed with
a frame structure and a pitch roof that 1s appropriate for
the local climate. Sand brick is the main material for the
walls. Most of the houses are fimished with tile. This
design is typical of terraced houses that are built in
Malaysia now-a-days. This study performed CSP1 matrix
and multiple regression logistic analyses.

CSP1 matrix analysis: The condition of the building
component 1s evaluated by using CSP1 matnix. This code
and protocol is one of the guidelines used by the building
surveyor to assess any defect based on the condition and
priorty of every building defect. The CSP1 matrix has its
own scoring system (Che-Am et al., 2011) to allow the
examiner to carefully and completely assess building
conditions. All identified defects are assessed and
recorded on-site with the evidence (photos and plan tag).
The score obtained from the scoring system determines
the level of defects/component by using scale values of
good, fair and dilapidated. The possible causes of the
defects are also identified. The findings are recorded in
the defect sheet and are compiled in the schedule of
building condition. Table 2-6 show the scale wvalues
acquired from the CSP1 matrix analysis.

Assessment of the condition and priority of a
component 15 fundamental to the CSP1 matrix, as shown
in Table 2 and 3. The 5 numerical scores (1-3) are
used for assessing the condition and 4 scores (1-4) are
employed for evaluating the priorities determined by the
scale and description wlich assist the surveyor in
assessing defects.

Table 5: Level of maintenance/services (Che-Ani et af., 2011)

No. Matrix Score
1 Simple maintenance 1-4

2 Condition monitoring 5-12
3 Serious attention 13-20

Table 6: Overall building rating (Che-Ani et al., 2011)

No. Building rating Score
1 Good 1-4

2 Fair 5-12
3 Dilapidated 1320

Each defect is recorded based on the condition and
priority scales. The values of the scales are multiplied to
obtain the rating for a defect The product of these
2 values provides a value scale of 1-20 that represents the
colors green (good), yellow (medium) and red (poor). The
scoring system 1s shown in Table 4.

Table 5 shows the maintenance level to be performed
based on the obtamed ratings. Table 5 also illustrates that
a defect coded mn red (score from 13-20) must be given
serious attention because it can endanger the tenants of
the building. Yellow-coded (score from 5-12) defects
require periodic condition monitoring and green-coded
(score from 1-4) defects require simple maintenance.

Each building 1s given a rating that determines its
overall condition based on the overall score (Table 6).
Scores from 1-4 indicate a good building cendition
whereas scores from 5-12 mdicate a fair building
condition. A building 18 considered dilapidated when 1t 15
given a rating from 13-20.

The findings from the condition survey are analyzed
by using the CSP1 matrix reporting system. The number of
defects, building defects score and building rating are
determined by using this method. A photograph box,
defects plan tag and executive summary are included for
reporting purposes. The research results are simplified in
table form.
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Multiple logistic regression analysis: Multiple logistic
regression analysis is conducted to verify the findings of
the CSP1 Matrix analysis. The approach is also used to
describe the relationship between a dependent variable
and several independent variables. Independent variables
are often called covariate (Hosmer and Lemeshow, 2000).
Multiple logistic regression analysis 1s a mathematical
modeling approach that can be used to describe the
relationship of several independent variables with
dichotomous dependent variables. Logistic models
describe the probability of the dependent variable Y,
coded as O or 1. This model can be written as follows:

B 1
T+ exp[—([?;n +B3X + B, + L+ B, )J

Pr(Y =1)

The formula called logistic function can be expressed
as follows:
1

1+e*F

f(z)

Where:
z=P, +BX + B, X, + . B X,

B, coefficients in the logistic model reflect the
relationship of the independent variable with the
dependent variable. This relationship mvolves the
so-called odds ratio parameters which refer to the ratio of
the probability that an event that occurs (e.g., success)
divided by the probability that similar events do not occur
(e.g., failure). The possibility for a number of events S
(e.g., success) is expressed as follows:

__Pr(s)

odds(S)—m

As an example, if Pr (3) = 0.40 then:

_2

0.40
odds(S) - 1-040 3

The result indicates that the probability for the
successful event to occur has a 2/3 probability of
failure. In other words, the odds of failure events
occurring are 3 agamst 2. The model 1s generally estimated
as follows:

Pi=E{Y=1/X)=1/(1+e7)

Where:

P, = The probability of the status of house defects
Y 1 (defective)

Y = 0 (not defective)
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This research used a model by Ahmad and Wahid
which is estimated based on the equation. The dependent
variable value 15 1 if the house 13 defective whereas the
value 1s 0 if the house 13 not defective. All equation
variables are tested to determine which wvariables
significantly affect the house condition.

L=In{P/(1-P)=p, +BX, +B,X, +B.X, +
B4X4 + Bsxs + BaXa ot B4UX4U
Where:
L

The log of the odds ratio of the status of house
defects
X, = House components

RESULTS AND DISCUSSION

A building condition survey is conducted on the
72 terraced houses. This study discusses the findings of
the completed CSP1 matrix and multiple logistic regression
analyses.

CSP1 matrix analysis: Table 7 shows the result of the
CSP1 matrix analysis for all houses. The analysis
identified 2,119 defects of which 359 are minor, 234 are fair
and 1,526 are major. The cumulative score for the overall
defect 15 27,644 and the overall rating 15 13.05 which
indicates poor condition that requires serious attention.

Number of defects: The 6 ranges of the number of defects
are determined based on Table & to simplify the data for all
72 houses. Table 8 shows that the highest number of
defects is between 1 and 2. The majority of the 44 houses
have defects witlun the mentioned range. The 15 houses
have defects between 26 and 50 and 9 houses have
defects that range from 51-75. The 2 houses have defects
between the ranges of 76 and 100 and 126 and 150. No
house has defects that range between 121 and 125. The
lowest number of defects 1s recorded m RO3 with 3 defects
whereas the highest number of defects 1s recorded in
R32 with 133 defects. Figure 1 and 2 show a difference

Table 7: Overall CSP1 matrix results
No. of defects

Minor Fair Dilapidated Overall Overall
1-4 5-12 13-20 Total score/mark rating
359 234 1526 2119 27644 13.05
Table 8: Number of houses based on the mumber of defects
Number of defects

Data 1-25 26-0 51-5 76-00 121-25 126-50
No. of houses 44.00 15.00 9.0 2.00 0 2.00
Percentage 61.11 2083 125 2.78 0 2.78
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Fig. 1: CSP1 matrix rating for every house

16
—e— Logistic regression analysis
14 —8— CSP1 matrix analysis
121
104
£
z
6 -
4 -
2 -
0 T T T T T T T T T 1
Rl R2 R3 R4 R5 R6 R7 R8 R9 RIO
Regression
Fig. 2. Line graph shows a comparison of results between

CSPI matrix analysia and the logistic regression
approach

between the highest and the lowest number of defects.
The results also show that the majority (61.11%) of the
houses have fewer than 25 defects. However, this
percentage does not mean that the houses are in good
condition. Housing quality depends on the level of the
defects which 1s discussed n the subsequent section.

CSP1 matrix rating: Table 9 shows the number of
houses based on the CSP1 matrix rating. The majority of
the 52 houses obtained a rating between 13 and 20
and 10 houses acquired a rating between 1 and 4 and 5
and 12 (Table 10). The lowest CSP1 matrix rating denotes
that the best rating (3.38) is recorded in house R19.
The 5 houses received the lowest rating or highest rating
percentage of 20.00(Fig. 1). Table 9 illustrates that 72.22%
of the houses are dilapidated.

Figure 1 shows the CSP1 matrix rating for all
houses. The majority of the houses are dilapidated when
their rating 153 >12 (red). This finding shows that the
housing quality provided by the developer is poor.
Logistic regression analysis is conducted to verify the
result and evaluate the condition of the houses.
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Table 9: CSP1 matrix rating for the houses
CSP1 matrix rating

Good Fair Dilapidated
Data (1-4) (5-2) (13-0)
No. of houses 10.00 10.00 52.00
Percentage 13.89 13.89 72.22

Table 10: Number of defects on selected components and sub-components

Components No. of defects Sub-components No. of defects
Walls 891 Plasters 631
Door 389 Tiles 539
Floors 358 Door leafs 276
Windows 135 Frames 101
Ceilings 106 Side finishing 81

Number of defects based on building components and
sub-components: This research also studied the building
components, apart from the number of building defects,
score and rating to discover the potential defective
components. The survey result shows that 22 building
components have defects. The 5 of these components,
namely, walls, doors, floors, windows and ceilings are the
most defective ones. The component with the highest
number of defects (891) is the wall, followed by doors
(389), floors (358), windows (135) and ceilings (106).

The findings also show that the most defective
sub-components are closely related to the 5 components.
The 40 sub-components are identified in the study,
although only 5 sub-components with the highest number
of defects are reported. Plasters had the highest number
of defects (631), followed by tiles (539), door leafs (276),
frames (101) and side finishing (81) (Table 10).

Verifying CSP1 matrix with
analysis: This research aimed to verify the validity of the

logistic regression

CSP1 matrix analysis apart from identifying the status of
housing defects. The results of the CSP1 matrix analysis
are compared with those of logistic regression analysis to
verify the validity of the matrix. The 10 houses (R1 until
R10) are selected for the comparison. Table 11 shows the
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Table 11: Logistic analysis calculation of the sample
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logistic analysis calculation sample for the 10 houses. The
average score from Table 11 is mapped toward the C5P1
matrix score for the respective houses (R1 until R10). The
findings of the comparison illustrate that the analyses
obtained similar results in terms of house condition rating.
Figure 2 shows a line graph of the results acquired by the
two analyses methods. Figure 2 shows that the results of
CSP1 matrix analysis are parallel to those of logistic
regression analysis which means that CSPl matrix
analysis is a valid method of identifying the status of
building defects. This finding is depicted by the close line
between both analyses for all houses.

Prediction of house defect status: The results indicate a
high defect status. The 52 defects (72.2%) are observed in
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the involved components whereas not-defective houses
have only 20 defects (27.8%) (Table 12). This analysis is
completed to assess factors that contribute to house
defect status.

The effectiveness of an estimated model is evaluated
This schedule
provides an accurate predicted percentage based on the
developed model. Table 13 clarifies that the resulting
model can predict that exactly 70% (14 out of 20) of the
houses are not defective. However, the model can predict
exactly 94.2% (49 out of 52) for the defective houses only.
The overall accurate prediction percentage 1s 87.5%. Ths
result shows that the reliability of the CSP1 matrix is
verified by logistic regression analysis.

based on the classification schedule.
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Table 12: Frequency of house defect status

Status Frequency Percentage
Not defective 20 27.8
Defective 52 722
Total 72 100.0
Table 13: Classification schedule
Prediction status

Correct
Actual status Defective Not defective percentage
Defective 14 6 70.0
Mot defective 3 49 94.2
Overall percentage 87.5

CONCLUSION

Given the rapid development of the construction
industry, particularly residential construction, housing
construction quality should be assessed to ensure that
user requirements are met Such an assessment can
guarantee the health and safety of consumers. Moreover,
evaluating housing conditions can allow developers and
contractors to maintain their good work performance
which enhances their reputation.

The findings reveal weak construction quality. The
overall CSP1 matrix rating for the houses is 13.05 which
indicates that the houses are dilapidated and require
serious attention. Urgent maintenance work must be done
to meet user requirements and to upgrade the condition of
the property.

The wall and the plaster are the largest component
and sub-component, respectively that cause building
defects. These component and sub-component are
significantly  correlated with human factor or
workmanship. The result indicates that the quality in
this construction project does not meet standards
which means that the are unsuitable for
homebuyers.

Multiple logistic regression analysis verified that the
results of the CSP1 matrix are reliable and valid with an
87.5% accuracy level which confirms that CSP1 matrix can
depict the status of housing defects.

houses
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