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Preface

This book presents a compilation of researchworks covering the fields of architecture
and civil engineering. All the manuscripts in this volume were presented during the
5th International Conference on Architecture and Civil Engineering 2021 (ICACE
2021) which was conducted through a virtual presentation on August 18, 2021.
ICACE is an annual event held in Malaysia where the main aim is to bring together
researchers and industry players in architecture and civil engineering to share their
knowledge and research findings. This book consists of 38 chapters covering from
cultural values in architectural design to numerical modeling in civil engineering.

It is hoped that the content of this book will benefit the researchers and scholars
who are looking for recent findings and breakthrough in civil engineering and archi-
tecture research works. The editors of the proceeding would like to express their
utmost gratitude and thanks to all reviewers in the technical team for making this
volume a success.

Seri Iskandar, Malaysia
Selangor, Malaysia
Delft, The Netherlands

Mokhtar Awang
Lloyd Ling

Seyed Sattar Emamian
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Substantiating Building Defect Cause
Hypotheses Using SPSS Statistical
Analysis on Quantitative Data

Roslan Talib and Mohd Zailan Sulieman

Abstract Construction defects take many forms, and they are a problem no one
wants to deal with. Anything from poor workmanship to defective building materials
or building products can be considered a construction defect. For this paper, the
approach in doing the defects census is by having a quantitative research method
approach through Google Form survey where 86 participants (n = 86) have been
responded. Three building defects causal hypotheses have been formulated and the
recent version (v24/v26) of SPSS statistical software has been used to test those
hypotheses. The tests were done including x2 (chi-square’s Asymptotic Sig.), X-tab
and HBG analysis. The result somehow indicated that it is vital to have centralized
defects data, pay greater attention during the post-construction period where most
defects occurred and build devotion to come up with fewer design detail mistakes;
these are the recent proven facts that the industry players must pay attention-with;
to produce better-finished building.

Keywords Building defects · Defects causal · Defects hypothesis · Quantitative
method · SPSS · Google Form

1 Introduction

The construction industry all around the world is getting more up-to-date, advance,
andgrowingdaybyday.Despite the development, the construction industry is dealing
with one key problem i.e., building defects. Anyway, at the same time, the construc-
tion players are always motivated to overcome building defects challenges, but it is
difficult to deal with them completely. But, somehow, as stipulated by [1], building
defects do not appear to have been minimized despite even the recent advancements
in building technology. Some commondefects caused by proxies such as atmospheric
pollution, poor workmanship or the use of inferior materials and climatic conditions

R. Talib (B) · M. Z. Sulieman
School of Housing, Building & Planning, Universiti Sains Malaysia, 11800 Pulau, Pinang,
Malaysia
e-mail: roslantalib@usm.my
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2 R. Talib and M. Z. Sulieman

aremore frequent [2]. Defective building construction not only contributes to the final
cost of the product but also to the cost of maintenance, which can be substantial.

2 Literature Research

Building defects are always the key apprehension in construction projects. An issue
with a building only counts as a building defect if it is a result of defective design,
faulty workmanship, substandard materials or non-compliance with the structural
performance requirements of the National Construction Code (as for the country
of Australia code term) [3]. Earlier research carried out found out that architectural
and building defects are not recorded properly in such a way, the central database
can not be created for all parties involved can be referred to [4] observed to record
the highest number of construction defects that happened in almost all the building
construction projects in Malaysia. Even, most defects are discovered long after the
completion of a project. However, a good amount of defects mostly occurred during
the post-completion period started where the tenant had just move-in inside the
properties [5]. There may be also several reasons why most of the building defects
has been identified to be started from the drawing table or during the design phase
[6].

3 Methodology

Quantitative methods accentuate objective measurements and the statistical, math-
ematical, or numerical analysis of data collected through polls, questionnaires, and
surveys, or by manipulating pre-existing statistical data using computational tech-
niques [7]. This is the method being used for this study and this census also use
Google Forms which is a tool within Google Drive for creating the online quantita-
tive survey forms. One of the reasons for using Google Forms for the survey medium
is because it is easy to learn and can access the form or the data from any computer
connected to the internet [8]. Once you had enough respondent’s feedback data (for
this case n = 86), you need to choose the right and suitable statistical data analysis
software to examine it.

Based onfindings, [9] stated that a statistical test provides amechanism formaking
quantitative decisions about a process or processes. The intent is to determinewhether
there is enough evidence to “reject” a conjecture or hypothesis about the process.
Thus, for this exercise, the SPSS version 24/26 has been selected to run the tests
(x2, X-tab and HBG analysis). Anyway, SPSS is short for Statistical Package for the
Social Sciences, and it’s used by various kinds of researchers for complex statistical
data analysis. Ahmad et al. [10] asserted that most top research agencies use SPSS
to analyse survey data and mine text data so that they can get the most out of their
research projects.
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4 Results and Discussions

4.1 No Central Data Stage + Post-Construction Warranty
Versus Work Experience–B3-Q30d, Q32/9 Histogram
Breakdown Graphs (HBG)

Further to the section, this test will continue using 7 nos. of histogram charts (out
of 9 boxes sample test) referring to the Questionnaire’s no. 30d and 32 of Section
B3 in the Google Forms online survey sheet, to demonstrate the research accounts.
Statistically, a histogram determines to graphically recapitulate the distribution of a
univariate data set.

For this statistic test, it is important to focus the graphs on the 3 most important
histograms, starting to the rightest bottom (X1 = Strongly Agree, Y1 = Strongly
Agree), middle chart (X2 =Agree, Y2 =Agree) and the most left top histogram (X3

= Neutral, Y3 = Neutral). For Fig. 1, the Independent (X) Variable (X1, X2 and X3)
representing the Working Experience variable with 8 classifications. Next, for the
dependent (Y) variable, there will be 2 variables that have been draw-up for the test.
Those are Y1, Y2 and Y3 which are; post-construction period (during the warranty

Fig. 1 Seven Histogram chart of 9 HBG–No Central data + Post-construction warranty versus
working experience
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and post-warranty period) is when most of the building defects occurred and there is
no collected central data can be referred to in detecting at what stage of construction
(where the most type of defects found) within the construction industry in Malaysia.

As far as the histogram distribution is concerned, again, it seems like it all has
an asymmetric distribution pattern. [11] use dictation, a symmetric histogram means
the cutline is down in the middle and the left-hand and right-hand sides resemble
mirror images of each other. For the 1st chart (X1, Y1) located to the most lowermost
right, with Frequency (f ) total of 34 ([5+ 4+ 3+ 3+ 2] * 2) and with the addition
of bottom middle graph (X−1, Y−1) with Frequency (f ) of 38 ([3+ 2+ 5+ 2+ 3+
2+ 2] * 2), it shows clearly most of the respondents (with n= 86) positively agreed
on the variables statements. It represents an ideal data set.

As most of the active histogram charts concentrated at the Agree and Strongly
Agree right bottom corner (with 4 and 5 in Likert Scale) which show the normal
distribution where it means an ideal data set that has lots of numbers concentrated in
the middle of the range, with the remaining numbers trailing off symmetrically on
both sides. To enhance further on the test tabulation, the middlebox of the histogram
(X2, Y2) shows more scores agreeing on the assertions with 50 ([5 + 4 + 8 + 4 +
2 + 2] * 2). This clearly shown that the test has a positive score and significantly
contributed to the survey as it indicates that since there is no accumulated central
data can be referred to in identifying what stage of construction (where the most type
of defects found), thus most of the building defects can persistently be happening
especially during the post-construction period. According to the test analysis, it is
during the warranty and post-warranty period is when most of the building defects
occurred. So, the task of getting the CDB (Centralized Database) is very essential.

4.2 Cross-Tabulation-90% Defects from no Proper Detail
Versus Work Experience—Q33/Chi-Square

Moving on, the next statistical evaluation (Questionnaire 33/Section B3) concerning
the respondents working experience years versus the hypothesis tabulation stated that
proper architectural detailing in the design stage can prevent up to 90% of building
defects; latent or non; to occur or re-occur (see Table 1). The survey revealed that
43% or 50% of n = 86 respondents chose the Likert Scale at 5.00 (Strongly Agree)
agreeing on the statement. Out of this, 64.3% with 9/43 responses coming from the
personnel having 6–10 years of experience in building construction while in 2nd,
57.9% or 11/43 respondents having 11–15 years working experience agreeing that
proper architectural detail and reduce latent or non-latent building defects up to 90%.
Next, at 4.00 Scale (Agree), 47.7% or 41/86 respondents total up with this decision
were 8 of them representing from 3 different working experience groups total 16/41
players agree on the hypothesis. These people are from the group having 1–5, 11–15
and 16–20 years of working experience working within the construction industry
agreeing that good architectural detail can prevent defects up to 90%.
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Table 2 Chi-square table showing the Significance 2-variables test (participants’ working expe-
rience versus factor stated that 90% of defects can be prevented during proper detailing at
design)

Chi-square tests

Value df Asymptotic significance (2-sided)

Pearson Chi-square 7.225a 12 0.842

Likelihood ratio 7.511 12 0.822

Linear-by-linear association 1.601 1 0.206

N of valid cases 86

11 cells (52.4%) have an expected count of less than 5. The minimum expected count is 0.07

Further to the previous early part of Sect. 4.2, the Chi-square (χ2) statistic appears
as an option when requesting a cross-tabulation in SPSS (to note; for this case and
all other cases; SPSS Version 24 or 26 has been used). The output is labelled Chi-
square Tests; the Chi-square statistic used in the Test of Independence is labelled
Pearson Chi-square. Further, on this test (Table 2 Sect.B3/Q33), the 2-sided Asymp-
totic Significance the p result show 0.842, 0.822 and 0.206 which all above 0.05
(>0.05) shows the less significant relationship between the two variables. All the 3
components of the p result indicated that the value >0.05 and the value determines
that there is a less significant relationship between the 2 variables.

Sharpe [12] stress out, the fewer significance values that are p-value associated
with Chi-square (χ2) statistics meaning there is less strong evidence of rejecting
the null hypothesis of no fit. It means a little less good fit. To add to the statistical
information, χ2 goodness of fit is a non-parametric test.

This set of crosstabs (X-tab) examinationmaybe not the ideal chose variables such
as the first variable; proper architectural detailing within the design stage can prevent
90% of building defects and the second one; respondents’ working experience, but
it implicates at certain degree there may be better variable to test into. However,
the χ2’s 2 variables result still can be considered valid as the number of year’s
respondents involved in the construction field (independent variable) seems quite
important to match with proper architectural detailing within the design stage can
prevent 90% of building defects (dependent variable). This is due to that the depen-
dent variable involved the number of existences on the respondent’s job experience
in the construction-related field which carries quite an enormous variable.

Overall, this makes the tabulation analysis a little less valid and provisionally a
little insignificant to the overall study on defects’ stage causal issues scope but still
shows the provisionally significant fair result.
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5 Conclusion

Hypothesis testing is an indispensable procedure in statistics. A hypothesis test eval-
uates two reciprocally exclusive statements about a population to determine which
statement is pre-eminently supported by the sample data. When we say that a finding
is statistically significant, it is thanks to a hypothesis test [13]. For these cases, the
SPSS statistical data analysis revealed that all the variables are proven to be in valid
hypotheses mode. Thus, seriously, the industry players must pay inordinate attention
to the fact that central defects data must be ready to be referred to at any time.

Next, it is during the post-construction period, the building defects mostly
occurred, and the players must ensure defects warranty must be valid especially
at this phase. Having the respondents within the working experience right range and
tested with all the three variables including the 3rd one; validated that correct archi-
tectural detailing especially done during the design stage can prevent up to 90% of
building defects to happen; latent or non-latent versions of them.

Lastly, proving building defects causes hypotheses measurement; for this case
using the SPSS statistical analysis on a collected quantitative data; is immensely
important, academically. For this paper, the three hypotheses variables proved metic-
ulously valid and necessitate the industry players (particularly theMalaysian players)
to pay further attention to the matters.
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Runoff Prediction Errors with Conjugate
Curve Number

Lloyd Ling, Zulkifli Yusop, and Wei Lun Tan

Abstract The curve number (CN) rainfall-runoffmodel is widely adopted for runoff
prediction. However, its practitioners seldom verify its validity according to the
rainfall-runoff dataset. Conjugate CN was often used by mistake in the CN runoff
predictive model for runoff prediction. This study compared runoff predictions of
a calibrated CN model to the existing CN modelling approach and simulated the
runoff prediction results from the inaccurate use of the conjugate CN. The calibrated
CN model outperformed the other 2 models with the highest Nash–Sutcliffe model
efficiency index of 0.917 without runoff over and under prediction tendency. When
conjugate CN was wrongly used for runoff prediction, the model had the largest
runoff depth under-prediction concern. Contrarily, the existing CN approach over-
predicted runoff amount when it is not calibrated. On average, the model over-
predicted runoff volume by 5million liters/km2 while the inaccurate use of conjugate
CN under-predicted runoff volume by nearly 7.6 million liters/km2 in Peninsula
Malaysia.

Keywords Conjugate curve number · Runoff prediction · Inferential statistics

1 Introduction

Despite technological advancement in recent decades, flood related disasters continue
to threaten mankind. Therefore, the United States Department of Agriculture
(USDA), Soil Conservation Services (SCS), Curve Number (CN) runoff model
was assessed by this study as it has been widely accepted since its inception in
1954. It has been incorporated in many types of software, adopted by government
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agencies in design and even appears in every hydrology textbook. However, studies
around the world from recent decades reported its failure to predict consistent runoff
results. Despite that, many recent studies still used the model to develop extended
applications and involved the work with GIS software.

This study used the rainfall-runoff (P-Q) dataset from theDepartment of Irrigation
andDrainage (DID), Hydro Procedure no. 27 (DIDHP 27) [1] to assess the impact on
runoff prediction using conjugate CN other than the conventional CN. In a different
study, the existing SCS runoff model was not even valid for runoff modelling at alpha
= 0.05 level in Peninsula Malaysia and therefore, the model was calibrated under
the guide of inferential statistics with DID HP 27 dataset. SCS CN model cannot be
adopted blindly for runoff prediction use. The impact of runoff prediction errors in
Peninsula Malaysia and China were analyzed in past studies [2–4].

According to the SCS, the basic SCS CN theory is represented by the following
equation:

Q = (P − Ia)
2

P − Ia + S

where
Q = Amount of runoff depth (mm)
P = Depth of rainfall (mm)
S = Watershed maximum water retention potential (mm)
Ia = Rainfall initial abstraction amount (mm)
Note: Ia = λS.

2 The S General Formula

The SCS runoff theory introduced in 1954 can be re-arranged mathematically to
solve for the Sλ = f (P, Q, λ) known as the S general equation. Substitute Ia = λS

into Q = (P−Ia)
2

P−Ia+S and isolate S from all other parameters with completing the square
technique will yield the S general formula used by this study as:

Sλ =
[
P − (λ−1)Q

2λ

]
−

√(
PQ − P2

) +
[
P − (λ−1)Q

2λ

]2

λ

Although previous researchers used a different form of the S general formula in
their journal [5], they were not the first who derived the formula but presented a
variant formula as reported by [6] (see full derivation steps below).
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2.1 The S General Formula Derivation Process

From SCS basic theory model, the equation can be rearranged as below:

Q = (P − Ia)
2

P − Ia + S

QS = (P − Ia)
2 − Q(P − Ia)

Substitutes: Ia = λS

QS = (P − λS)2 − Q(P − λS)

PQ − P2 = −2λS

[
P − (λ − 1)Q

2λ

]
+ (λS)2

Add
[
P − (λ−1)Q

2λ

]2
to both sides of the equation & completing the square on

right hand side of the equation for further simplification as below,

(
PQ − P2) +

[
P − (λ − 1)Q

2λ

]2
=

[
P − (λ − 1)Q

2λ

]2
− 2λS

[
P − (λ − 1)Q

2λ

]
+ (λS)2

Sλ =
[
P − (λ−1)Q

2λ

]
−

√
PQ − P2 +

[
P − (λ−1)Q

2λ

]2

λ
(1)

Formula simplification steps from the equation used by this study (Eq. 1) to the
form of [5] then to the form of [6] are as below:

Sλ = P

λ
− (λ − 1)Q

2λ2
− 1

λ

√
PQ − P2 +

[
P − (λ − 1)Q

2λ

]2

Sλ = P

λ
+ Q(1 − λ)

2λ2
− 1

2λ2

√
Q2(1 − λ)2 + 4λPQ [5]

Sλ = (
1

λ
)P + (

1

λ
)

[
(1 − λ)Q

2λ

]
− (

1

λ
)
1

2λ

√
Q2(1 − λ)2 + 4λPQ

Sλ = P

λ
+ (1 − λ)Q

2λ2
− 1

2λ2

√
4λPQ + [(1 − λ)Q]2 [6]

These steps proved that different variants of the S general formulae can be solved
to unity with the earliest version presented by [6]. The derivation of the S general
formula also proves and supports the claim of [7] that when λ �= 0.2, calculated
curve number is called the “conjugate curve number” which is not the same as the
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conventional curve number introduced by the SCS which is derived from the λ =
0.2 framework.

Sλ = f (P, Q, λ) derivation shows that even though the P-Q dataset remains the
same, once λ value varies, the corresponding Sλ will change as well. Therefore, the S
correlation equation between Sλ and S0.2 must be established to convert the Sλ back
to the equivalent scale of S0.2 prior to the curve number calculation [2–4, 7]. Any
work that calculates curve number directly with CN = 25,400

S+254 using Sλ commits a
conceptual error and the conjugate curve number has been wrongly identified as the
conventional curve number. CN0.2 will be used in this article to differentiate from
the conjugate curve number CNλ.

3 The Confusion Between Conjugate CN (CNλ) and CN0.2

When theλ value deviated away from 0.2, the S general formula (Eq. 1) will calculate
Sλ value according to P-Q data pair. However, Sλ was often mistaken as S0.2 and
being used to calculate the conventional CN0.2 value directly with CN0.2 = 25,400

S0.2+254 .
Results from a previous study [2] such as: Eq. 1, newly identified λ value of 0.051
and the S correlation equation (S0.051 = 1.176S0.21.063 orS0.2 = 1.096S0.0510.89) were
used by this study to analyze the impact on runoff prediction due to the confusion
between S0.2 and Sλ leading to the derivation of conjugate CN (CNλ) and CN0.2.

Using the 227 P-Q data pairs from DID HP 27 dataset, 227 S0.2 and S0.051 values
can be calculated with Eq. 1 according to corresponding P-Q data pairs. Substitute
each calculated S0.2 value into CN0.2 = 25,400

S0.2+254 . CN0.2 value can be calculated as
proposed by the SCS. SCS practitioners often made a mistake by substituting the Sλ

value into the SCS CN formula directly without using the S correlation equation to
convert the Sλ value into an equivalent S0.2 and treated the conjugate CN (CNλ) as
CN0.2 by mistake.

The SCS runoff predictive model was simplified and re-expressed in term of P
and CN0.2 in previous study (see [2] for derivation steps) as:

Q0.2 =
[
P − 50.8

(
100

CN 0.2
− 1

)]2
[
P + 203.2

(
100

CN 0.2
− 1

)] (when λ = 0.2) (2)

Whenλ=0.051, the derivedCN0.2 =72.58while theScorrelationwas established
in SPSS as: S0.051 = 1.176S0.21.063 [2] to simplify and re-express the model as:

Q0.051 =
[
P − 21.606

(
100
72.58 − 1

)1.063]2
[
P + 402.547

(
100
72.58 − 1

)1.063] (3)
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Under this study, 227CN0.2 valueswere calculatedwith S0.2 (λ=0.2).On average,
CN0.2 = 74.1. The average CN0.2 = 74.1 was used with Eq. 2 to estimate runoff as
proposed by the SCS. Equation 2 became:

Q0.2 =
[
P − 50.8

(
100
74.1 − 1

)]2
[
P + 203.2

(
100
74.1 − 1

)] (4)

To simulate the scenario that the conjugate curve number was wrongly used to
predict runoff, this study calculated 227 S0.051 (substitute λ = 0.051 into Eq. 1 with
corresponding P-Q data pairs) and treated them as S0.2 to find the curve number with
CN = 25,400

S+254 directly. The average CN0.051 = 65.2 was used with Eq. 2 and became:

Q0.2 =
[
P − 50.8

(
100
65.2 − 1

)]2
[
P + 203.2

(
100
65.2 − 1

)] (5)

4 Results and Discussion

Under this study, 227 conjugate numbers CN0.051 (λ = 0.051) were calculated and
adopteddirectly for runoff predictionwithout the conversion through theScorrelation
equation to simulate the common mistake of SCS practitioners. When compared to
the 227 CN0.2 values (λ = 0.2), on average, CN0.051 = 65.2, it is almost 9 CN units
less than the average CN0.2 = 74.1. As such, when CN0.051 was treated as CN0.2

by mistake, runoff estimation is likely to be under-predicted in Peninsula Malaysia.
Using DID HP 27 dataset, runoff predictions from Eqs. 3–5 can be compared as
shown in Table 1.

From Table 1, Eq. 3 (calibrated model with S correlation equation) achieved
the highest model efficiency of 91.7% with the overall model bias almost equal
to zero to imply that Eq. 3 is stable in runoff prediction without over or under
prediction tendency. Equation 4 represented the existing SCS CN approach (λ =
0.2), it ranked as the worst performing model under this study. Equation 4 has runoff

Table 1 Runoff prediction comparison

Statistics Equation 3 Equation 4 Equation 5

Overall CN0.2 used 72.58 74.1 65.2

Nash–Sutcliffe model efficiency 0.917 0.874 0.904

Overall model BIAS (mm) −0.034 5.034 −7.593

Average runoff depth (mm) 47.6 52.7 40.1

MIN predicted runoff depth (mm) 0.8 0.0 0.0

MAX predicted runoff depth (mm) 302.0 329.7 292.2
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depth over-prediction tendency as its overall model bias = 5.03 mm with an average
runoff volume over-prediction by 5.03 million liters/km2. Equation 5 simulated the
scenario when CN0.051 was wrongly used as CN0.2 for runoff prediction with DID
HP 27 dataset. It has the second highest prediction accuracy of 90.4% however its
overall model bias = −7.6 mm to imply that Eq. 5 has runoff depth under-prediction
concern. On average, Eq. 5 under-predicted runoff volume by 7.6 million liters/km2.
On average, runoff depth prediction from Eq. 4 is 5.1 mm more than the average
runoff depth from Eq. 3 while the maximum predicted runoff depth is 27.7 mm
higher. Contrarily, for Eq. 5, the average predicted runoff depth is 7.6 mm lower than
Eq. 3 while the maximum predicted runoff depth is 9.8 mm less.

It is noteworthy to highlight that the 1 mm runoff depth prediction variance =
1 million liters/km2 runoff volume difference. This means that when the existing
SCS CN runoff predictive model (Eq. 4) is not calibrated according to the DID HP
27 P-Q dataset, it over-predicted runoff volume by an equivalent of two Olympic
size swimming pools on average (maximum over-predicted by 11 pools). If the
conjugate CN (CN0.051) was wrongly used as CN0.2 for runoff prediction (Eq. 5),
it under-predicted runoff volume by an equivalent of three Olympic size swimming
pools on average (maximum under-predicted by 4 pools).

5 Conclusions

1. Equation 3 was formulated with calibrated λ = 0.051 and simplified with the S
correlation equation from previous study [2] at alpha = 0.01 level. The overall
model bias is near to zero to indicate that on average, the formulated runoff
predictive model is stable without runoff over or under prediction tendency. It
also achieved the highest runoff model prediction efficiency when compared to
Eqs. 4 and 5.

2. The SCS CN model (Eq. 4) was found to be invalid for runoff prediction from
previous study [2–4]. On average, blind adoption of Eq. 4 will over-predict
runoff volume by 5.03 million liters/km2 using DID HP 27 dataset. It was the
worst runoff predictive model under this study.

3. Equation 5 simulated the scenario when conjugate CN (CN0.051) was wrongly
used as CN0.2 for runoff prediction with the DID HP 27 dataset. On average,
Eq. 5 under-predicted runoff volume by 7.6 million liters/km2. Equation 5 also
under-predicted maximum runoff depth when compared to the calibrated runoff
predictive model (Eq. 3).
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Evaluation on the Potential Improvement
of Construction Sector Companies
in Malaysia with Data Envelopment
Analysis Model

Shun Jinn Lim, Weng Hoe Lam, and Weng Siew Lam

Abstract As the unconscious of the efficiency on the construction sector in
Malaysia, the financial performance of listed construction sector companies in Bursa
Malaysia for year 2018will be determined usingDEAmodel to find out the efficiency
each of the company. The results showed that MERGE is the most efficiency compa-
nies if compare to other 46 companies because it appeared 35 times as a reference
set for inefficient companies. Also, the value of target improvement also had been
figured so that the inefficient companies can be improved depending on the input or
output.

Keywords Construction sector · Data envelopment analysis · Efficiency · Target
improvement

1 Introduction

Construction industry in Malaysia playing the main role as the key of economic
expansion as it involves in multiple areas such as designing, logistic, financing, etc.
as well as provide different areas of job opportunity. In budget 2020, construction
sector was expected increase about 2% GDP growth if compare to year 2019 [1] as
construction sector also is an important sector for contribution on GDP in Malaysia.
Currently, there are 15 different sectors distributed in main market, i.e.: closed-end
funds, construction, consumer products& services, energy, financial services, health-
care, industrial products & services, plantation, real estate investment trusts, SPAC,
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technology, telecommunication & media, transportation & logistics and utilities. As
the unconscious of the efficiency on the construction sector inMalaysia, the financial
performance of listed construction sector companies will be determined using DEA
model to find out the efficiency each of the company. Then, the potential of improve-
ment for construction sector companies listed in Bursa Malaysia for year 2018 will
be analyzed.

2 Literature Review

Data Envelopment Analysis (DEA) originate by [2] to study the efficiency of the
non-profit organization which involved combination various of inputs and outputs
in multi-criteria decision making (MCDM) problem. MCDM includes determining
the best alternative or solution by considering multiple criteria [3–7]. Application of
DEA was widely applied in banking sector, financial sector, plantation companies,
healthcare sector as well as production sector in Malaysia and other countries to
determine the achievement through the efficiency score. 50 selected shares which
listed in Bursa Malaysia using DEA model were studies by [8]. In their finding,
three efficiency companies respectively in year 2011 were NATWIDE, YTL and
MUDA, while for year 2012 were NATWIDE, MUDA and BERNAS proposed for
investors as references.Meanwhile, Genting Berhad,Maxis, andYLIwere suggested
for investors as these three companies obtained 100% efficiency score using DEA
model [9]. Besides, a study on 14 publicly listed companies in Malaysia from year
2004 to 2008 with only one company was shown efficiency performed by [10]. This
indicated that the rest of 13 companies must reduce unnecessary expenses in order
to achieve efficiency score at 1.31 plantation companies in Malaysia for year 2012
were examined using DEA model with financial ratio resulted in five companies
were efficiency as they obtained efficiency score at 1 [11].

On the other hand, three Indian construction companies were analyzed from year
2011 to 2014 using financial ratio analysis to investigate their financial performance
respectively [12]. In their study, they found that ratio analysis might be affected
the reliability due to the inflation. DEA model was integrated to evaluate the effi-
ciency of 27 listed construction companies in Taiwan and provide suggestion for
the companies to improve their performance [13]. They concluded that companies
should focus on inventory turnover rate and also the stockholder’s equity. Mean-
while, the technical efficiency of ten building construction sector companies which
listed in Indonesia Stock Exchange Market were measured from year 2013 to 2017
using Stochastic FrontierAnalysiswere positively resulted on the technical efficiency
score [14]. Regardless of lacking studies on the efficiency of construction sector in
Malaysia using DEA with financial ratios, hence this study first is to identify the
efficiency companies and follow by potential improvement for each inefficiency
company through the benchmark from efficient companies.
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3 Methodology

Michael James Farrell who was an academic economist published a paper related
to the measurement on efficiency of productivity for economic policy maker in an
organization [15]. Later [2] applied the theory from Farrell and introduce CCR Data
EnvelopmentAnalysis (DEA) for nonprofit decisionmaking unit (DMU) usingmath-
ematical programming concept to identify their performance via the efficiency score,
that is the ratio between multiple of outputs and multiple of inputs, which cover
the range from 0 to 100%, that provide the information of the DMU’s efficiency.
Throughout this, efficiency score obtains 100% which represent the best performing
DMU but not vice versa.

Further extended the CCR DEA Model by [16] as following:

Max hk =
∑s

r=1 ur yrk + a
∑m

i=1 vi xik
(1)

Subject to

∑s
r=1 ur yr j + α
∑m

i=1 vi xi j
≤ 1; j = 1, 2, 3, . . . , n (2)

ur , vi ≥ ε; r = 1, . . . , s; i = 1, . . . ,m. (3)

where
hk is relative efficiency of DMUk , s is the number of outputs.
ur is the weights to be determined for output, m is the number of inputs.
vi is the weights to be determined for input, n is the number of entities.
ε is the positive, α is the free variable.
Equation (1) is an objective function which maximizes the efficiency of DMUk ,

while the (2) represent inequality constraint is true for 0 ≤ hk ≤ 1 for each DMU.
By referring to [2, 17], the general output maximization BCC DEA model in linear
programming form can be simplified as:

hk =
s∑

r=1

ur yrk + α (4)

Subject to
m∑

i=1

vi xi j −
s∑

r=1

ur yr j − α ≥ 0;

j = 1, 2, 3, . . . , n (5)

m∑

i=1

vi xik = 1 (6)

ur , vi ≥ ε; r = 1, · · · , s; i = 1, · · · ,m. (7)
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Total of 47 companies that listed in Bursa Malaysia under construction sector in
year 2018 had been studied. The utilization of the three input variables: debt to assets
ratio, dept to equity ratio and current ratio; while the three output variables: earning
per share, return on equity and return assets were performed in financial ratio analysis
in order to obtain the efficiency score. The computational work is performed using
LINGO software which can solve linear programming model, non-linear program-
mingmodel,mixed integer programmingmodel and integer programmingmodel [18,
19]. Also, Microsoft Excel had been used to gather the data that extracted from the
financial report of each company. Throughout this information, the input variables
and three output variables can be figured so that the efficiency score can obtained
via LINGO software.

4 Empirical Results

The ranking and efficiency score of the companies are presented in Fig.1 based on
the optimal solution of DEA model.

Referring to Fig. 1, the companies such as BREM, GKENT, HOHUP, KERJAYA,
MERGE, MUHIBAH, PTARAS, PEB, WCHEHB and ZECON achieved efficiency
score at 1 with the highest ranking represented efficient companies. The other 37
companies are categories as inefficient companies as they obtained efficiency score
less than 100%. In order to transform those inefficient companies become efficient
companies, the existing efficiency companies with optimal coefficient are namely as
reference set which used to be the criterion measurement. For example, AZRB is an
inefficient company and needed MERGE and ZECON as benchmarking.

Figure 2 presents the potential improvement values of the three inputs and three
outputs for the inefficient companies based on the optimal solution of DEA model.

Fig. 1 Malaysia Construction sector Companies’ data and efficiency score with ranking level
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Fig. 2 Potential improvement values of the three inputs and three outputs for 37 inefficiency
companies

AZRB company is advised to reduce their inputs, namely debt to assets ratio, dept to
equity ratio and current ratio and increase their outputs, which are earning per share,
return on equity and return assets so that it can be turn into efficiency company.

5 Conclusions

In overall, DEA is a mathematical programming concept for nonprofit decision
making unit (DMU) to identify company’s performance. The results showed that
BREM, GKENT, HOHUP, KERJAYA, MERGE, MUHIBAH, PTARAS, PEB,
WCHEHB and ZECON obtained efficiency score at 1 represented efficient compa-
nies among 47 companies. Meanwhile 72.73% of the construction companies are
categorized as inefficiency companies. MERGE is the most efficiency companies if
compare to other 46 companies because it appeared 35 times as a reference set for
inefficient companies. Meanwhile, the value of target improvement also had been
figured so that the inefficient companies can be improved based on Fig. 2. This study
is significant as the potential of improvement for construction sector companies listed
in Bursa Malaysia for year 2018 had been succeed computed.
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17. Martić M, Novaković M, Baggia (2009) A data envelopment analysis: basic models and their
utilization. Organizacija 42(2):37–43

18. Lam WS, Jaaman SH, Ismail H (2015) The impact of different economic scenarios towards
portfolio selection in enhanced index tracking problem. Adv Sci Lett 21(5):1285–1288

19. Chen JW, Lam WS, Lam WH (2019) Optimization and comparison of bank financial
management in Malaysia with goal programming model. J Adv Res Dyn Control Syst
11(12S):39–46



Analysis on Recognizability
and Legibility of Urban Virtual
Environment in Virtual Reality Through
Cognitive Maps

Atta Idrawani Zaini, Raja Nur Syaheeza Raja Yazit,
Nurakmal Abdullah Goh, Zayn Al-Abideen Gregory,
and Mohamed Rashid Embi

Abstract Schematizing the most optimum level of details (LOD) in virtual environ-
ments (VEs) is a relevant endeavour as scale in virtual reality (VR) is not provisional
but instead is locked at full scale. This paper compares recognizability and legi-
bility of four 3D models of the same site in Melaka each with a different LOD.
This informs whether different VEs’ LOD can lead to different cognitive readings
among respondents. Free-recall technique was used to evaluate cognitive knowledge
of N = 96 respondents, with N = 24 respondents in each of the four VEs. Each
respondent was asked to draw a map indicating visual cues from their minds. The
cognitive maps in each treatment were then analysed using content analysis. The
first coding scheme derived word frequencies to imply recognizability. The second
scheme derived quality and relationships between elements to imply legibility. The
contents were then compared among the different groups. We suggest that LODmay
have some influence on cognitive understanding to varying degrees depending on
the task and stage of navigation taken place.
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1 Introduction

Though still in its infancy, virtual reality (VR) technology from any straight-off-
the-shelf brands today can create a sufficiently immersive user experience leading
to mass adoption and normalization of the technology. Although this consumer-
facing VR technology was designed mostly for videogames, the benefit of it for real
application cannot be ignored. This study attempts to focus onwhat can be considered
as optimized level of details (LOD) for an operational urban VE for VR simulation,
subsequent to the conventional model acquisition process often used by architects
and urban designers. This presents the question of how detailed an urban VE in VR
should for it to be considered recognizable and legible enough. This can be known
through recording observers’ cognitive reading of the VE. Such an enquiry needs to
be done independent from the pursuit of realism. The finding will inform whether
different treatments of LOD on VEs can lead to different cognitive readings among
observers. The objectives of this study are:

1. To model a 3D VE of an urban area with different LOD;
2. To compare cognitive maps from observers experiencing the VE in VR;
3. To analyze the cognitive maps in relation to urban recognizability and legibility.

1.1 Literature Review

Cognitivemapping is a process of forming the spatialmemories using the information
gathered from successive viewpoints within an environment which are based on the
process of encoding elements from the environment [13]. It is therefore closely linked
to the legibility of an environment. As there is no actual concept to measure legibility
itself [6], it can be determined through the degree of complexity of spatial layout
and the recognizability of landmarks (which commonly are buildings). According to
[15], landmarks are instrumental in communicating route information, becoming the
anchor points for structuring overall environmental knowledge in cognitive maps.
Although a landmark is prominent in a region, it will not be helpful if it is not
visible or not located along the route of wayfinding. The contrast of landmarks to
the contextual characteristics is likely more salient due its quality relative to the area
towards the facade itself [5, 14]. The relativity between landmarks’ juxtaposition
and characteristics are organized along three dimensions: building form, building
visibility and building symbolic significance or use [2]. Appleyard [1] as cited in [2]
defines building form by the movements around buildings and clarity of the details.

Thus, an ideal 3D model of a VE for cognitive reading should be developed
upon spatial layout and architectural details. This aligns with [8] who, apart from
landmarks, also taxonomizes urban structure into other components of paths, nodes,
edges and districts which to a varying degree are recognized by visual information
derived from spatial layout and architectural details. Many studies conducted on
VR agree that movements in VEs are analogous to that of the real environments
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[9, 10]. Clear spatial layout is key for navigating in VE while architectural details
can be used to assess recognizability of buildings. In the digital interface, there is
no consistency in the interface to make the scale of representations accessible in
computing [11]. In VR however, VEs are viewed in full-scale. Schematizing the
most optimum LOD in VE is deemed relevant, as the idea of scale is no longer
provisional in VR. Therefore, it is best to schematize architectural characteristics of
buildings in leveraging the optimum LOD.

2 Methods

TheVE ismodelled after the city ofMelaka’s core zone.Melaka is on the intersection
of cultural amalgamations spanning 500 years [7], that gave its unique characters
and identity. The fine grain of the building blocks in the zone making the envi-
ronment more heterogeneous, which according to [12], provides more information
as compared to navigating in a homogeneous environment. Based on assessments
on its accessibility, townscape quality and architectural characteristics of buildings,
the selection of this site as a reference seems appropriate. Four 3D models with
different LOD schematization were then created as illustrated in Fig. 1, varied based
on polygon geometry, colour and texture.

The research employed a free-recall techniquemodified from[1] to evaluate cogni-
tive knowledge of an environment by asking non-specialist respondents with no prior
experience being in Melaka to draw a map recalled from their VR experience. An
Oculus Rift Development Kit 2 VR systemwas stationed at various sites withN = 24
respondents experiencing VR navigation in each VE (N = 96 overall respondents).

Low geometry/ 
polygon
Prismatic block 
extrusion
Monochrome

Low geometry/ 
polygon
Prismatic block 
extrusion
Colour/ Texture

High geometry/ 
polygon
With details &
profiles
Monochrome

High geometry/ 
polygon
With details &
profiles
Colour/ Texture

VE 1 VE 2 VE 3 VE 4

Fig. 1 The different LOD schematization of VEs
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Fig. 2 Point/route and instructions given to the respondents

Respondents were asked to complete the navigation process using information gath-
ered by themselves. The specific route taken and instructions given is presented in
Fig. 2. A coding scheme was used to organize the large amounts of information from
the cognitive maps into much fewer content categories, following the basic coding
process derived from [4].

3 Discussion

The information presented in the maps as shown in Table 1 which later were coded
for word count analysis. The coding discriminates mislabelled elements, elements
with one count and landscape elements such as trees. Respondents were allowed to

Table 1 Map samples drawn by respondents
‘Point A’

‘Route A 

to B’

‘Route B 

to A’
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assume the types of buildings. Similar words, such as shoplots and shophouses, were
coded as the same element.

The architectural elements recalled inform recognizability, with more elements
recalled meaning more visual cues recorded cognitively, as presented in Table 2.
From the table, VEs with higher details tend to give clearer readings on building use,
significance and form.

Architectural components are not significantly recalled, with respondents tend to
regard ‘buildings’ as a blanket term to refer to the surrounding. This occurrence is
also similar to the element of colour, where ‘white’ is recalled almost throughout
all VEs. Unsurprisingly, other colours are recalled mostly in VEs where buildings
are non-monochromatic (VE 2 and VE 4). This suggests that the element of non-
monochromatic colourmay shape recognizability of building form, independent from
the geometrical character of buildings. However, building use and symbolic signifi-
cance (i.e. ‘church’, ‘station’, etc.) tend to be highlighted in VEs with richer geomet-
rical character (higher LOD). Building use and symbolic significance is evident in
high LOD and may have shaped recognizability independent from the element of
colours.

The second analysis is on the legibility quality of the VEs, measured through
weighted values implying correctness which are drawn from element acknowl-
edgment, position, orientation and so on. Inexplicit elements such as district, was
measured by the correct acknowledgment of elements opposite of the river that
suggest other territory. The radar chart in Fig. 3 summarizes the legibility quality in
each point and route throughout all VEs, with high values suggesting high quality.
These values only reflect correct and accepted elements.

Legibility readings in general are inconsistent throughout different tasks, but
almost coherent between different VEs. ‘Route A to B’ is unique in that legibility
qualities are noticeably higher in VE 1, where buildings were monochrome with
lowest LOD. Landmarks, nodes and path are more noticeable during stationary
viewing at ‘Point A’ throughout all VEs. The district elements received more atten-
tion along ‘Route A to B’ and back through ‘Route B to A’. It should also be noted
that edges along ‘Route A to B’ are less noticeable in VE 4 which has the highest
LOD. Edges may have been saturated with the rich geometrical and colour saliency
of the environment itself. This is then improved along ‘Route B toA’, where edges are
much more relied upon in VE 4. We suggest that edges are less relied upon in guided
navigation. The whole legibility of environments throughout all VEs along ‘Route B
to A’ generally improved, may have been constructed through cognitive familiariza-
tion. A significant decrease in path elements throughout all VEs is noticeable along
‘Route B to A’, suggesting that unguided wayfinding task may rely less on paths
explicitly but rather more on other legibility elements leading to the destination.
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Fig. 3 Legibility in ‘Point A’, ‘Route A to B’ and ‘Route B to A’

4 Conclusions

Throughout all tasks, respondents tend to codify elements through simplification.
There was no significant difference despite the incremental complexity of the
three tasks within each VEs. However, once the characteristics are schematized, it
can be deduced that VEs with higher geometrical characters may promote better
recognizability of building use and symbolic significance, while VEs with non-
monochromatic colours may be useful for improving recognizability of building
form. Combination of both high and non-monochromatic colours may be ideal in
creating better recognizability of an environment experienced in VR. In terms of
legibility, VEs with high LOD and non-monochromatic colours can endure satu-
rated urban legibility elements, while low LOD and monochromatic colours are by
now sufficient for guided navigation. We suggest that when performing unguided
wayfinding in VR, people tend to rely more on other legibility elements apart from
the paths leading to their destination, regardless of LOD.
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Minimalism and Essentialism in Manila:
Architecture and Urban Wellbeing
in the Post GFC and New Normal

Cecilia May S. Villanueva, Thomas E. Mical, and Juanito M. Malaga

Abstract Minimalism and essentialism in Manila looks at examples of Thomasian
Architects on design and urban architecture (through built projects and photography).
This study catalogues approaches to austerity, financial considerations such as frugal
innovation, adaptive reuse, and new forms of minimalism in the material and spaces
of contemporaryManila (since the 2008 Global Financial Crisis). Findings show that
prioritizing natural wind flow in interior and urban spaces are a common attribute
that in the selected works discussed of Thomasian Architects post GFC, which is an
essential consideration in addressing pandemics in the built environment.

Keywords Minimalism · Essentialism · Urban architecture

1 Introduction

Urban wellbeing is a common ingredient of minimalism and essentialism. Urban
wellbeing is the combination of social, economic, environmental, cultural, and polit-
ical conditions identified by individuals and their communities as essential for them
to flourish and fulfill their potential [1]. Wellbeing has strong linkages with ecosys-
tems services and the materiality of architecture and urban spaces as established by
the Millennium Ecosystem Assessment (2005). Provisioning services are directly
linked with wellbeing needs for shelter and other activities that are necessary for
man to achieve values of doing and being.

The global financial crisis and the covid-19 pandemic events are a decade apart,
the call for conservation that can be traced to the modern movement in architecture
where Mies Van Der Rohe’s aphorism of “less is more” is anchored on. In 2019,
UK Architects have declared that the twin crises of climate breakdown and biodi-
versity loss are the most serious issue of our time. Infrastructure and construction
industry contribute to almost 40% of energy-related carbon dioxide (CO2) emissions
that significantly impact on our natural surroundings [2]. This calls for designers
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to be more innovative and conscious of material selections, spatial disruptions and
biodiversity implications. Tall buildings in city centers are now half empty with those
who can return to the regions have gone back to their hometowns.

However not all activities are able to adapt to telecommuting and still require
human physical presence in the public realm. These events underscore the need for
“pagiging malikhain” (innovative) in the design of architecture interiors and urban
space.

Schools and public spaces today are serving as temporary shelters to front liners,
stranded transients and less fortunate people. They have adapted to the absences of
pupils and the need for isolation and resting spaces. The endless call for a paradigm
shift has finally stood still and inevitably calls everyone to reassess their essentials
and basic necessities in the symbiosis of our web of life.

Infrastructure optimization is the key to wellbeing in urban spaces. Residences
now demand flexibility and adaptability to answer the calls for social distancing,
work, study and exercise at home. Space saving, measures have been pushed further
for activities that were once accommodated in public spaces.

2 Methodology

The study catalogues approaches to austerity, financial considerations such as frugal
innovation, adaptive reuse, and new forms of minimalism in the material and spaces
of contemporary Manila (since the 2008 Global Financial Crisis). The catalogue
looks into works of graduates of the University of Santo Tomas, the oldest university
in South East Asia with core values of competence, commitment and compassion
(Fig. 1).

3 Thomasian Architecture

Thomasian Architecture refers to those licensed and registered architects who
obtained their bachelor’s degree from the University of Santo Tomas, the oldest
university in South-East Asia. Most outstanding are Philippine National Artists for
Architecture from Leandro Locsin’s floating volumes and Francisco Mañosa’s inno-
vations inmateriality. LocsinArchitecture have been strongly characterized as poetry
in space, with metaphors referring to the lightness of the Philippine bahay kubo with
an expansive roof structure supported by flimsy stilts. Mañosa features a palacemade
mostly from the coconut tree products showcasing the textural sophistication of the
native genre.

Locsin andMañosa’s descendants are still very visible in the 21st century domain
that is strongly characterized by social architecture andminimalism, bridging the gap
that architecture serves the underserved and equalizing the community and interior
spaces.
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Fig. 1 Conceptual Framework onMinimalism and Essentialism inManila -Architecture andUrban
Wellbeing (Source Authors, 2020)

4 Catalogue of Minimalist Architecture in the Post GFC

William Ty and Associates rendition of the first “The Book Stop Project” is an open
and modern structure that sits in front of the Manila Cathedral, inviting passersby
to take respite in the articulated metal shelves. There have been recorded expansive
impacts on the number of book readers that have visited the book stop project. This
miniscule facility has nomadic roots that have been travelling around the cities of
Manila such as Quezon City, Taguig and others Architecture and Urban Wellbeing
locations. The project won the Excellent Communications Design (Architecture) at
the German Design Award 2018 [3].

The outdoor museum similar has engaged numerous viewers in art appreciation.
The setting allows diverse visitors in a casual setting to learn more on featured
visual curations that are usually enclosed in highly secured museums. These outdoor
facilities are relevant in these times of pandemic insecurity and social distancing. It
allows earthly delights in the recent normal for a better new normal. The project is a
WAF Finalist for Display Category, and an Architizer A+ Awards finalist for Popular
Choice Awards under the Museum category WTA thru [3] (Figs. 2, 3).

In the new chapel of Buensalido+Architects has succeeded in translating belief
into material form [4]. This open plan design like paper cuttings are formed in
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Fig. 2 Urban space and “The Book Stop Project” by WTA architecture and design studio (Source
Bluprint 2018)

Fig. 3 Urban space and the El Museo del Prado by WTA architecture and design studio (Source
Bluprint 2018)
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Fig. 4 Interiors of the Amara Chapel of Buensalido + Architects (Source Simon, 2017)

an asymmetrical and irregular sequence that allows natural wind and light in the
semi-sheltered space. The fan formation is founded on the culture of lattice cuttings
that allow semi-transparency and oneness in interior and exterior space. Being
grounded on pavement level allows minimal intimidation for physically vulnerable
users (Figs. 4, 5).

Locsin Partners + Furunes + Boase, together with the Streetlight stakeholders
collaborated on the design process through a number of workshops that employed
drawing, poetry, model making, mapping, and physical prototyping. This method
is vital in forming a strong sense of ownership of the project and empowering the
organization to find their own voice. It taps the Filipino culture of ‘bayanihan’ or
communal cooperation, rooted in the practice of helping neighbors carry and relocate
their thatched houses. This post-Haiyan community facilitywas ideated and designed
with local residents in an equitably transformative process (LVLPandFurunes, 2017).

The November 2013 super-typhoon Haiyan has stricken the city of Tacloban,
Leyte with one of the most devastating typhoons to have visited the Philippines.
Streetlight is among the local community stakeholders, that takes in orphans and less
privileged children. The new Streetlight orphanage provides staff residences and an
outdoor recreation grounds. The facility consists of two major groupings for the
offices, clinic, and function hall and study center. The park provides a much needed
space for the relocated families to mix with the existing Tagpuro community (LVLP
and Furunes, 2017).

These above projects showcase the Thomasian core values of commitment in
exemplifying inclusive architecture that benefits all members of society. Architecture
is not only enjoyed in the abstract forms from urban spaces, but are also scaled at a
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Fig. 5 Urban space and the Amara Chapel of Buensalido + Architects (Source Simon, 2017)

human level allowing communities to take part in all phases from conceptualization,
design and construction (Figs. 6, 7).

House No. 10 by Edwin Uy is an architectural and interior design project created
for a family of four: a couple and two young boys (FuturArc, 2016). The family was
mentioned to be on a strict budget andwaswilling to experiment with unconventional

Fig. 6 Doors of the streetlight Tagpuro Study Center (Source LVLP and Furunes 2017)
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Fig. 7 Interiors of the streetlight Tagpuro (Source LVLP and Furunes 2017)

building materials. The use of motor oil containers seemed something quite unusual
but opens the possibilities of upcycling and frugal innovation. This gives new life to
products which might seem no longer useful or might be reused in other ways other
than wall paneling.

Edwin Uy’s design ethic shows Thomasian core values of commitment to explore
frugal innovations in extending the lifecycle of materials as possible building
elements to lessen extractive activities of natural resources for wall paneling and
building envelope (Figs. 8, 9).

5 Catalogue of Essential Architecture in the New Normal

The covid19 pandemic is still at present time is still disrupting normal day to day
activities as most communities remain in quarantine, to prevent the widespread of
the virus. The shortage of health care facilities had Thomasian architects innovating
on the most doable interventions with limited resources (Figs. 10, 11).

The emergency quarantine facility by William Ty had expanded the bed capacity
of primary medical facilities, with the need to isolate patients affected by the covid19
virus. This is representative of compassionate architecture the third of the core values
of the University. With overwhelming number of covid19 positive patients, several
government buildings have also been converted for in-patient care. Dan Lichauco
oversaw the adaptive reuse of Philippine International Convention Center, the Rizal
Memorial Sports Complex, and the World Trade Center.



38 C. M. S. Villanueva et al.

Fig. 8 Upcycling Motor oil containers (Source Kathryn Jill Ablaza, July 2013)

6 Findings and Conclusion

Thomasian architects have collaborated with community partners in creating built
environments in society today.WilliamTi, JasonBuensalido, LVLocsin andPartners
are among Manila’s prestigious firms with commitment to social design in uplifting
the lives of Filipinos from all walks of life. The most distinct in the feature of the
above catalogued examples is the utilization of natural wind flow to sanitize interior
and urban spaces. This is a major consideration in designing for pandemics which
target the respiratory functions of users.

Dan Lichauco’s conversion/adaptive re-use of the PhilippineWorld Trade Center,
Philippine International Convention Center, Rizal Memorial Sports Complex among
manifestations of true Thomasian core values of compassion. While Edwin Uy’s
House No. 10 features competence in pursuing frugal innovations in upcycling mate-
rials for architectural purposes. These are strategies are vital in achieving a cyclical
transformation of urban space in community wellbeing [5].
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Fig. 9 Upcycling Motor oil containers ([3] Source)
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Fig. 10 The emergency quarantine facility (EQF) (Source WTA Architecture and Design Studio,
2020)

Fig. 11 Quarantine facility at Rizal Memorial (Source DPWH Esquire, 2020)
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Influence of Waste Oils on the Extracted
Aged Binder Properties and Dosage
Optimisation

Md Zahid Hossain Khan, Ali Mohammed Babalghaith, Suhana Koting,
Mohd Rasdan Ibrahim, Herda Yati Binti Katman, and Obada Asqool

Abstract Asphalt binder loses its properties due to oxidation and becomes stiffer
over time. Restoring the properties of the aged asphalt binder is a major challenge
to recycle asphalt pavement. Waste engine oil (WEO) and waste cooking oil (WCO)
were used in this study as rejuvenators to restore the extracted aged binder prop-
erties. The physical and rheological properties of the rejuvenated aged binder were
analysed, and optimum dosages were determined. Binder test results showed that
the WEO and WCO effectively rejuvenated the extracted aged binder. The optimum
dosages of WEO and WCO that returned the aged binder with penetration 11 dmm
to its reference penetration value (58 dmm) were 18% and 12%, respectively. The
rheological properties in terms of rutting resistance of the aged binder could also be
regained to a normal level with different contents of WEO or WCO.

Keywords Waste oils · Aged binder · Rejuvenator · Rheological

1 Introduction

The most challenging aspect of recycling the reclaimed asphalt pavement (RAP)
is its’ aged binder ingredient because the aged binder could reduce workability and
compatibility of mixes [1, 2]. The maltenes-to-asphaltenes ratio in aged binder could
increase due to the use of RAP in the asphalt mix. In addition, the utilisation of RAP
could increase the stiffness and viscosity and decrease the penetration of the blended
binder [3, 4]. Therefore, asphalt mix with RAP could reduce the fatigue resistance
[5–7] and the workability of the mix [8, 9].

Rejuvenator could serve as a principal catalyst to restore the aged binder’s proper-
ties [10–15]. It increases the aged binder penetration grade, decreases the softening
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point, and consequently decreases the viscosity. However, a part of the aged binder
stays inherent to the RAP aggregate and acts like a black rock [16–19]. The selecting
proper type and dosage of rejuvenator is a critical issue [20–23] because excessive
levels of a rejuvenator are not suitable for stripping, adhesion, rutting, heat cracking,
and inadequate dosages can stiff the mix [24–26].

Waste oils, namely, waste engine oil (WEO), waste cooking oil (WCO), waste
engine oil bottom, and waste vegetable grease are the rejuvenators that have been
investigated in several studies. It was found that the inclusion of waste oils would
significantly restore the physical and chemical properties of the aged asphalt binder.
The rheological tests showed that waste oils would significantly soften the binder
and lower the G*/sinδ [15, 27], and softening point temperature, and increased pene-
tration [28]. Moreover, as waste oils withstand high temperatures (above 200 °C)
in production processes compared to fresh bio-oil, their volatile amount is much
lower. As a result, they are inherently highly qualified to be used in the hot mixing
operation [9]. Yan et al. [29] investigated the physical and chemical properties of the
WEO and WCO-rejuvenated aged binder. The study results indicated that the waste
oils could recover the aged binder properties (penetration, ductility, softening point,
and viscosity) to their virgin level when the optimum content of waste oils was used
because waste oils could reduce the sulfoxide and carboxyl groups in the aged binder.
Besides, the waste oils are the most harmful to the ecosystem among all rejuvenators,
as they are usually disposed of in rivers and landfills [30, 31]. It is well recognised that
a huge amount of waste oils is generated every year and they have caused significant
environmental problems due to improper disposal. Thus, they are more effective to
use as recyclables in high RAP mixes considering the environmental implications.

WEO acts as a vital tool for softening the aged binder [32]. It can change the
rheological and physical properties of the aged binder [33]. Fernandes et al. [34]
studied crumb rubber, and WEO modified binder with penetration, softening point,
and viscosity tests. It was revealed that the laboratory-modified binder had the same
penetration values as the commercially modified binder but had higher softening
points. Romera et al. [32] showed that adding 18% WEO to an aged binder could
modify the aged binder to resemble a new binder of 60/70 grade. Dokandari et al. [35]
found that higher RAP content could be used in recyclable asphalt mixes usingWEO.
Moreover, Silva et al. [14] used WEO to restore the properties of the aged binder
of 14 mm penetration and 68 °C softening point. They reported that by adding 5%
WEO to the aged binder, the penetration grade could be reduced to 20/30 and the
softening point to 63 °C. The authors concluded that the performance of the asphalt
mix incorporating RAP was better than the conventional HMAmix due to the usage
of WEO [14, 36].

WCO mainly comes from food frying oil from food industries, families, restau-
rants, and hotels [37]. Several researchers used WCO to restore the properties of the
aged binder [20, 38–43]. It has been shown thatWCO is a feasible rejuvenating agent.
It can work to restore the volatiles and diffuse oil of the aged binder and re-establish
its rheological properties [30, 44]. Yu et al. [45] illustrated that theWCO-rejuvenated
aged binder could restore the rheological properties of the aged binder while also
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reproducing the surfacemicrostructures. According toM. Zargar et al. [43], the prop-
erties of a 40/50 grade aged binder could be restored to the properties of the initial
80/100 binder in the case of 3–4 percent of WCO.

Most studies investigated howwaste oils affected the properties of the laboratory-
made aged binder, whereas this study used RAP-extracted aged binder at how the
waste oils change the properties of the aged binder. In the first step, the characteristic
of the modified binder, extracted aged binder, and rejuvenated aged binder were
examined. The second stage concentrated to determine the optimum dosage of the
waste oils to meet the desired penetration value.

2 Materials and Method

2.1 Materials

This study used the modified binder as a reference binder. The reference binder was
prepared with asphalt binder 60/70 penetration grade and 6% crumb rubber modifier
(CRM) (by % of binder mass) of 80 mesh size. It was prepared using a propeller
mixer at a speed of 200 rpm for two hours at the temperature of 160 °C [36, 46]. The
modification aimed to enhance the rheological properties of the virgin binder [9].
Moreover, crumb rubber is more resistant to low temperature cracking compared to
other modifiers [47]. Table 1 shows the physical and rheological properties of the
reference binder and extracted aged binder.

RAPused in this studywas collected fromKuala Lumpur,Malaysia. Two different
rejuvenators, namely, WEO andWCOwere used in the study (Fig. 1). Table 2 shows
some common elements and generic identities that describe waste oils in a nutshell.

Table 1 Binders’ properties

Properties Unit Temp. (°C) Standard Reference binder Extracted aged
binder

Penetration
(100 g, 5 s.)

dmm 25 ASTM D5 58 11.0

Softening
point

˚C – ASTM D36 53 71

Dynamic
viscosity
(20 rpm)

cP 135 ASTM D4402 644 3513

165 200 632

G*/sin δ

(10 rad/s)
kPa 58 AASHTO D7175 3.8 95.9

64 1.8 42.0

70 0.9 22.1

Note Penetration was measured in decimillimetre (dmm) or in units of 0.1 mm; G* = complex
modulus; δ = phase angle; cP = centipoise
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a b

Fig. 1 Rejuvenators: a) WEO, b) WCO

Table 2 Basic characteristics and generic descriptors of waste oils

Rejuvenators Specific
gravity

Water content
(%)

Engineered or
generic

Petroleum or
organic

Refined or
waste

WEO 0.87 0.34 Generic Petroleum Waste

WCO 0.91 0.21 Generic Organic Waste

2.2 Methods

The flowchart for the experimental process used in this study is shown in Fig. 2.
Consecutively, the aged binder was extracted and recovered from the RAP following
the ASTM D 2172 [48] and ASTM D 1856 [49] method. It was found that RAP
aggregates contained 4.1% aged binder (by%of RAP aggregatemass). The extracted
aged binder was then rejuvenated with 10 and 18% of bothWEO andWCO (by % of
aged binder mass). During the rejuvenation process, the extracted aged binder was

Extracted aged binder Modified binder 

Rejuvenated by WEO 
10% and 18%

Rejuvenated by WCO 
10% and 18%

Physical and rheological property tests

Optimum dosage determination

Without 
rejuvenation 

Fig. 2 Experimental flowchart
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first heated at 160 °C temperature for one hour. Then rejuvenators were mixed using
a propeller mixer at 800 rpm for 30 min. Finally, the rejuvenated binder samples
were kept in the laboratory for further testing.

2.2.1 Binders Property Tests

A penetration test was conducted following the ASTM D5 [50] to determine the
consistency of the rejuvenated aged binders and the optimum rejuvenator dosage.
Softening point test was carried out following ASTM D36 [51] to determine the
softening point temperature of the asphalt binder. It’s used to classify the behaviour of
binders at increasing temperatures. A viscosity test was conducted following ASTM
D4402 [52] to determine the binder’s flow resistance and internal friction. This value
is an indication of workability. It was also used to determine mixing and compaction
temperatures during sample preparation. A dynamic shear rheometer (DSR) was
conducted to characterise the aged binder’s rheological property following ASTM
D7175 [53]. This test was performed to determine the rutting resistance factor of
the rejuvenated aged binder at medium to high temperatures and compared with the
unrejuvenated reference binder using G*/sinδ value.

2.2.2 Rejuvenator Dosage Determination

Optimum dosages of WEO and WCO were determined to meet the target penetra-
tion value of the reference binder (58 dmm) at 25 °C because the best approach for
selecting optimum rejuvenator dosage is to determine the rejuvenated binder pene-
tration value [14, 54–56]. Another important element of this test is that the outcomes
can be forecasted with a simple exponential equation using only two data points [54].

3 Results and Discussion

3.1 Physical Properties Tests of Binders

3.1.1 Penetration

Figure 3 shows the effect of waste oils on the penetration at 25 °C of the rejuvenated
and unrejuvenated aged binders. The penetration of the extracted aged binder (before
rejuvenation) was 11 dmm which was significantly lower than that of the reference
binder (58 dmm). It shows that the values of the penetration increased exponentially
by adding both WEO and WCO. It implies that the rejuvenators can soften aged
binder by reducing its consistency.
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Fig. 3 Influence of waste oils on penetration at 25 °C

Furthermore, the effect of WCO on penetration was greater than WEO. The
increase in penetration values indicated a change in the consistency of the aged
binder. It was observed that 18% of WEO returned the extracted aged binder from
11 to 58 dmm penetration which was 12% in the case of WCO. Therefore, the waste
oils softened the binder.

3.1.2 Softening Point

Figure 4 shows the softening point changes due to the use of WEO and WCO on
the extracted aged binder. It shows that softening point of rejuvenated aged binder
decreased as the amount of waste oils increased. WCO-rejuvenated aged binder had
lower softening points than the WEO-rejuvenated aged binder. Softening points of
64 °C and 54 °C, respectively, were obtained using 18% of the WEO and 12%
of the WCO, which recovered the aged binder to 58 dmm penetration. These new
softening points were lower than the extracted aged binder (71 °C). This reduction
in softening point was due to the waste oils’ effect, which causes the aged binder
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to be more temperature susceptibility than the aged binder without rejuvenation.
Waste oils reduced the softening point because they softened the aged binder in a
similar way to the penetration tests. The maximum reduction in the softening point
of the aged binder was observed while WCO was used. It was also observed that the
penetration values and softening points decreased in a similar pattern for both waste
oils.

3.1.3 Viscosity

Figure 5 presents the value of dynamic viscosity, at 135 °C, for extracted aged binder
and rejuvenated aged binder. The extracted aged binder had viscosity value 3513
centipoises (cP) at 135 °C. All the viscosity values decreased with the increment of
WEO and WCO. This was due to the effect of both waste oils on the aged binder.

From the figure, it can be seen that at 18% of WEO and 12% of WCO (optimum
dosage), the viscosity was about 738 cP and 1000 cP, respectively. These new
viscosity values were higher than the reference binder’s viscosity (644 cP) at 135
°C. It indicates that the workability that will be achieved when using these two reju-
venators will be lower than the original mix. Therefore, the mixing and compaction
temperature will also be required higher. While more WEO or WCO could increase
the frictional resistance of aged binder, too much oil would affect the binder’s other
properties. The asphalt mix would be segregated if the viscosity of the aged binder
is too low, which would harm the mix’s performance. The asphalt roads would be
vulnerable to fatigue failure if the viscosity of the aged binder becomes too poor.
Therefore, the rejuvenator dosage should be within a sufficient range to fulfil the
adhesion efficiency of the aged binder. Moreover, in the case of SUPERPAVE™
specification, the maximum viscosity of the asphalt binder for storage and pumping
during construction must be less than 3000 cP. Therefore, the optimum dosages were
precisely determined and considered acceptable.
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3.2 Rheological Property Test

3.2.1 G*/sinδ (Rutting Resistance Factor)

Based on the asphalt binder properties, the dynamic shear rheometer test can indicate
the major stresses observed in asphalt paving through the rheological parameters,
which are complex modulus (G*) and phase angle (δ). The factor G*/sinδ was used
to control the permanent deformation or rutting resistance. Figure 6 displays the effect
of rejuvenator dosages on G*/sinδ. It shows that G*/sinδ decreased rapidly until it
reached a dosage of 10%, then slowly decreased to a dosage of 18%. As a result,
an increase content of waste oils did not result in a higher G*/sinδ. Furthermore,
at the same temperature and dosage, the value of G*/sinδ of the WCO-rejuvenated
aged binder was less than theWEO-rejuvenated aged binder. Therefore, these results
indicate that the increased level of rejuvenator could have a poor rutting resistance,
which is consistent with the softening point and viscosity results.

Meanwhile, both the WEO and the WCO could recover the performance of the
aged binder, but the WCO could do so with less content. The results support prior
findings that WCO had a greater rejuvenation effect than WEO. Although the WEO
andWCOwere far more important for restoring the aged binder’s property, a rational
choice should bemade based on the asphalt performance requirements andmaximum
temperature in the construction site.

4 Conclusions

The following conclusions are obtained from this study:

1. The use of waste oils as a rejuvenator increased the extracted aged binder’s
penetration values while lowering viscosity and softening points.
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2. The optimum dosages of WEO and WCO that returned the aged binder with
penetration 11 dmm to its reference penetration value (58 dmm) were 18% and
12%, respectively.

3. As a rejuvenating agent, a less amount of organic rejuvenator (WCO) was
required to restore the properties of the extracted aged binder than the petroleum
rejuvenator (WEO).

4. The DSR outcome indicated that the rutting resistance factor of the aged binder
decreasedwith increased content ofWEO andWCO. The rheological properties
of the aged binder could also be regained to a normal levelwith different contents
of WEO or WCO.
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Abstract This paper attempts to characterize the typology of luxury car showrooms
in Malaysia. The architectural design of luxury car showrooms is subject to changes
and development of the economy, technology and behavior of the consumers in the
market. It is also dependent on the brand’s Corporate Identity (C.I.), which is formed
by cultural adaptations from its country of origin, competitors in the industry and the
demands of car owners. Each brand must incorporate their own C.I. into the design
of the showrooms to maintain standard requirements and safeguard the outlook and
operation of the showrooms. This paper employs a case study approach as its main
research method. The study is mainly based on observation on built examples and
draws conclusion from the input of architects who are specialized in designing car
showrooms in Malaysia. The findings indicate that the design typology of luxury
car showrooms is an expression of the values of the brand’s C.I., integrates lounge
spaces with the showroom area, constructed with premium quality materials and at
times, be shaped by the design guidelines provided by the brands to comply with
their international identity.
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1 Introduction

Luxury cars often inspire a sense of ambition and desire in consumers. It becomes
a lifestyle goal to own one. Therefore, luxury brand managements must effectively
identify the target consumers and strive to continuously attract, grow and main-
tain brand relationships in order to establish credibility and stay relevant in such
a competitive and volatile market [5]. Consequently, the requirement of a presti-
gious showroom becomes one of the considerations in purchasing a luxury car. The
concept of luxury is normally associated with higher prices, exceptional quality,
pleasure, exclusivity, aesthetic beauty and strong emotional and symbolic attach-
ments [1]. According to Manoukian [6], consumers are more likely to invest in
luxury-branded cars over other brands due to greater perceived value, exclusivity
and elevated consumer experience. Thus, the design of a showroom to display the
cars and as a platform where consumer relationships are built, then becomes essen-
tial as it will reflect the quality and branding of the company. This paper will reveal
some case studies of showrooms belonging to different luxury car brands located in
Malaysia and the design strategies employed to translate the concept of ‘luxury’ into
the showrooms’ design. The objective of this paper is to provide clear characteri-
zation of showrooms based on the C.I. This includes the design concepts, materials
and space organizations of the showroom.

2 Research Method

This paper observes the case study run by foreign car makers operated by local car
dealers. Targeted locations are in prominent cities in the country as these regions
have the busiest service centers. This research is a case study expecting to review
critical understanding, originality and creativity in theories and practices to frame
new findings that challenge conservative thinking in industrial design that will be
exceedingly valued in education and the automotive industries. This method is best
used when the research focuses on theory and concept development that emerge from
actual life events and settings.

3 Case Study—Showrooms

This paper examines 3 luxury car showrooms in Malaysia. The 3 sites have the
same similarity in terms of climate, material availability and authority’s compliance.
This provides clear comparison of the focus, thinking and design strategies of the
designer/architects in the same region. The table below shows the location of the 3
showrooms.
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Brand Location

1 Volvo showroom Kuching, Sarawak

2 Mercedes Benz showroom Balakong, Kuala Lumpur

3 Lexus showroom Kuching, Sarawak

3.1 Volvo Showroom

Since 2013, Volvo has initiated their new C.I. called the Volvo Retail Experience
(VRE), which embodies their core brand expression; “Scandinavian luxury that
understands people”. Inspired by the Swedish culture of ‘Lagom’, which means
the art of living a balanced, leisurely life, the design concept of Volvo’s showrooms
aims to create a calming environment for customers to work, relax and enjoy refresh-
ments or to browse their latest car models [2, 8]. The showroom conceptualized as
a living room incorporates elements of calm, clean lines and features bespoke Scan-
dinavian furniture to create a space that is both cool on the outside and warm on the
inside [3]. Unlike most car showrooms which are constructed with full transparent
glass façades, the contemporary exteriors of the new VRE showrooms uses white
translucent glass panels with only the transparent ones located strategically where
display cars are parked. The design strategy of the façade not only creates a visual
landmark for customers but also to direct the eyes of onlookers to the models on
display [3] (Fig. 1).

The warm interiors of the VRE showrooms create an inviting contrast to the cool
exterior and are demarcated into two zones; namely the Street Area and the Living
Room Area. The Street Area contains all product displays, the Car Studio, Acces-
sories Hub, Car Delivery Area and Consultation Points, all evenly spread throughout
the Street to provide various points of interest in the customers’ journey [3, 8]. At
the heart of the showroom is the Living Room Area which forms a cozy haven for
a more casual approach for Sales Consultants and customers to meet. Located here
are different living room spaces with varying seating options, the Reception Area,
the Coffee Bar Area, the Lifestyle Shop and the Kid’s Lounge. For both customer
experience and practicality, the space planning must integrate both the sales and
service areas completely, to design an open and comprehensive setting. The layout
must maximize efficient interaction between the Showroom Entrance, the Living

Fig. 1 Transparent glass windows set against translucent glass panels highlight the cars on display
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Fig. 2 Left- The Street Area with product display; Right- The Living Area where customers can
relax

Room and the Workshop Areas so the staff can work effectively whilst ensuring that
customers are attended to swiftly. The Swedish culture of transparency expressed in
the usage of glass partitions also enable customers to see their cars being serviced in
the Workshop from the comforts of the Living Room Area [8]. The showrooms are
also furnished with bespoke furniture from Scandinavian interior-design company,
Senab. Each piece of furniture including the reception table, light fixtures, seating,
display panels and standalone pantrywere designed to reflect theVolvo brand, unique
for its showrooms and are owned by Volvo. The interior design features the clean
and warm outlook of the Scandinavian scheme, mainly using the colors of white and
light oak timber (Fig. 2).

3.2 Mercedes Benz Showroom

Germany is a haven for car enthusiasts. Luxury brands such as Volkswagen, BMW,
Audi and Mercedes Benz originated from this country. For Mercedes Benz, the
showroom consists of the essential areas such as sales, product display, customer
lounge, service and shop. The showroom and adjacent rooms with customer access
are parts of the dealership where the corporate design needs to make the greatest
impression. Every element of theMercedesBenz showroom, from structural features,
furniture, fittings, down to the choice of materials and color, serve to determine its
ambience. The design is composed of several brand-defining elements such as the
thin roof edge, horizontal structure of the glass façade, the row of columns, wall star
bearing the logo and the main entrance element [7]. The exterior of the showroom
features a horizontal glass façade topped with a thin, horizontal roof which together,
produces a homogenous design. The overhanging roof with a slim edge not only
forms a prominent feature but also functions to protect the glass façade from sun
and rain. A row of black columns is also placed in front of the glass exterior, which
has become the signature architectural element of the Mercedes Benz showrooms.
In addition to that is the wall star on which the brand logo is displayed, designed
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Fig. 3 Exterior design of Mercedes Benz showroom

Fig. 4 Mercedes Benz showroom at Balakong featuring glass facades and courtyards as elements
of sustainable design

so that its size and placement on the façade is perceived as exclusive, reflecting
the exclusivity of the Mercedes Benz brand. Alternatively, the wall star can also be
integrated as part of the row of columns (Fig. 3).

The main entrance of the Mercedes Benz showroom is designed to contrast the
glass façade. The entrance features a clean design with a projecting roof, highlighted
with a black outer surface and a white inner surface to create a welcoming effect
whilst being instantly noticeable to visitors. Sustainable design strategies had been
greatly implemented into the showrooms. This includes maximizing the usage of
natural daylight to reduce the energy consumed for artificial lighting. A combination
of glass facades and courtyards served to optimize the usage of natural light which
also has a major impact on the well-being and productivity of the employees (Fig. 4).

3.3 Lexus Showroom

The Lexus automotive brand, headquartered in Japan, is owned by Toyota Motor
Corporation. Although Lexus can be classified as the luxury division of the company,
the brand operates independently to bring quality luxury cars to themarket [4].Unlike
Volvo and Mercedes Benz, the Lexus dealerships do not require any specific design
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Fig. 5 Lexus showroom in Kuching, Sarawak designed by Design Network Architects with facade
featuring advertising billboard

requirements to its external architecture, giving the architect freedom to design the
building forms and façades. However, the brand only demands that the exterior of the
showrooms feature a large advertising board installed as part of the façade, in which
it will be used for product advertisements which are changed regularly. The interior
design places more emphasis on expressing the concept of luxury to the customers.
Seating areas and lounges are positioned in prominent areas to integrate them into
the exhibition space more strongly. The lounge areas are also required to include an
adjacent open pantry for the convenience of customers. It is important that the lounge
areas express generosity while at the same time, with the type of furniture used and
its spatial layout, the lounge also provides a space of retreat without interrupting the
customers’ view of the vehicle display. The interior design also requires a mix of
black and timber elements. Finishes in dark walnut and the usage of timber flooring
at customer lounges not only convey elegance but also create a warm and welcoming
space. Lexus sets a high standard for the quality of interior finishes and fittings that
are to be incorporated into their showrooms, including the brand of the tiles and
sanitary wares used. This is to ensure that the end product of the showroom reflects
Lexus’ image as a luxury brand (Figs. 5 and 6).

4 Conclusion

The design typology of luxury car showrooms is greatly influenced by the
brand’s Corporate Identity (C.I.), development of technology and economy, industry
competitors and consumer demands. From the three case studies of luxury car show-
rooms above, it can be concluded that the luxury car brands have similar design
requirements for their showrooms so as to fulfil their respective C.I.’s conditions.
One of the main design characteristic of luxury car showrooms is the integration of a
comfortable andwell-equipped customer lounge areawith an attractive and engaging
showroom where products are displayed. The typology of the dealerships is also
shaped by the obligatory design requirements set by each individual brand’s C.I. as it



Typology of Design Concepts for Luxury Car Showrooms 61

Fig. 6 Left- Lexus premium merchandise display in black and timber colors. Right- A Mark
Levinson audio system installed in an acoustical room for guests to experience the real-life sound
systems provided in Lexus vehicles

carries international identity. For brands like Volvo and Mercedes Benz, guidelines
for the exterior and interior design of the dealerships were provided by the companies
and must be strictly adhered to as representatives from the brand’s company head-
quarters are sent to audit the showrooms. It is also essential that designers incorporate
high-end construction materials to create an end product that is more premium, thus,
befitting the concept of luxury. The design of luxury car showrooms is bound to
evolve along with the growth of the brand it represents and the experience it wishes
to provide to its consumers.
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Significance of Illuminance Level
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Abstract Light is sacred and important inmajormonotheistic religion: Islam,Chris-
tianity, and Judaism. One example dedicated for light in the Quran is surah An-Nur.
Daylight considerations are also viewed as important in designing educational spaces
to reduce visual discomfort to ensure students’ optimal reading and writing task
performance. This paper focuses on specific educational space that are used for
reading and writing task for memorizing (hafazan) the Quran. This paper highlights
the relationship between acceptable illuminance level and students’ learning task
for hafazan. Various research proven that efficient daylighting in educational spaces
influences the students’ learning task performance positively. The recommended illu-
minance level for educational spaces is between 300 to 500 lx. In the pilot study, the
illuminance level is below than minimum recommendation of 300 lx. However, the
lower illuminance level increases the students’ hafazan task performance. Further
study is required to test the theory that hafazan learning task requires lower illumi-
nance level. This shows that efficient illuminance level is an important consideration
in different education system that uses different tools.
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1 Introduction

One of the important renewable resources for human to progress with daily routine is
daylight. A research relates the light withmajormonotheistic religion by transcribing
Islam, Christian and Judaism holy scriptures mentioning its sacredness [1]. In the
Quran, surah An-Nur, ayah 35 mentioned that God exemplified as light in a lamp
providing a guidance to the believers. This is an example of light sacredness in Islam.
Both photobiology studies and religious point of view shows that light is essential for
human being. Reading and writing are basic tasks in learning spaces. Buya Hamka
described that the first word “READ!” in surah Al-Alaq is to magnify that Islam
encouraged Muslims to learn through reading. The relationship of this two surah
An-Nur and Al-Alaq can be translated in scientific field, where studies proven that
efficient daylight improves the students’ performance such as reading and writing.

2 Literature Review

The process of extracting visual stimulus information from retinal image and transmit
it to the optic nerve is by the retina, which influenced by the sufficiency of light
receivedby the cornea [2]. In Islamcivilisation, IbnAl-Haytmstudied the relationship
between human eye’s physiology and anatomy with the theory of light introduced
by Plato, Aristotle, and Euclid. The theory of extra-mission by these philosophers
however was contradicted by Ibn Al-Haytm’s deduction. His observation of human
pain sensation due to exposure of intense light shows that lights that enters the eye and
change the eye’s structure. Thus, this causes visual discomfort [3]. Understanding
visual discomfort requires various lighting aspects such as insufficiency of light
and flickering of artificial lighting. Other aspects are shadows, veiling reflections,
uniformity, and glare [2]. Glares exist in two conditions, which are direct glare
and reflected glare. Uncontrolled glare from lighting source combined with brightly
coloured surface causes direct glare. Reflected glare in another hand are caused by
walls, floors, and ceilings high light reflective surfaces. A handbook mentioned that
inappropriate position of the artificial light and windows design can causes reflected
glare [2, 4]. Quoting from Figuero and Rea (2010), the loss of concentrations is due
to eye fatigue caused by visual discomfort [5].

Long-term and short-term are two types of memory retention, where psycholo-
gists have identified Quranic hafazan is considered as long-term memorization. The
recitation of the holy Quran triggers the activity of the brain that requires long-
term memory retention [6]. Wahdah (reading/reciting), Kitabah (writing), Sama’i
(listening) and Jama’ (recite together) are the four basic hafazan method, where the
most common method used are Wahdah (reading) and Sama’i (listening).\, while
the most easing and preferred method by students is Wahdah (reading/reciting) [7,
8]. Panipati memorization method originated from Pakistan requires the students
to repeatedly read and recite the verses of the Quran throughout their day [9]. The
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Table 1 Illuminance level recommendations

Learning space Guidelines and standards

IESNA MS1525 JKR OSHA ZUMTOBEL EFM

General 300–500 300 300 300 300 215–430

Labs 500 300 300

Library 300 300–500 300

Othman method initially uses the ten-time Khatm, where the students are required
to read and recite the full Quran ten times before memorizing it. Other techniques
are Chi (new memorization), Xor Pismis, Kolay Pismis, Tekrar, Tekrar Hepsi Seyfa
and Has [10].

Daylighting that provides efficient illuminance level in classrooms influences the
students’ performance [11], where this is due to improvements of students’ health
affected by sufficient daylighting [5]. Providing efficient daylighting can increase the
factor of optimal learning performance such as subjective moods, physical activities,
cognitive performance, sleepquality, alertness, psychology, health, and attention span
[12, 13]. Abundant daylight with chances of low glare, included with high quality
artificial lighting improves the visual environment [14]. Other study shows the same
result where students that attended schools with efficient daylighting had improved
their learning performance and health. However, providing high illuminance level
does not improve visual acuity, thus reduces their learning performance due to glare
[15].

Most referred to daylighting guidelines is the Illuminating Engineering Society of
North America (IESNA) handbook, where the identified range of illuminance level
has been specified for specific spaces and specific tasks, such as 300 lx to 500 lx for
educational spaces [4, 16]. Table 1 shows the various recommendations for learning
spaces in schools based on various guidelines.

3 Pilot Study

Effort to identify the correlationbetween illuminance level and students’ performance
in Malaysia, a pilot study was done in Kolej Genius Insan, Universiti Sains Islam
Malaysia (USIM), Nilai. The school integrates Islamic education in the curriculum
including hafazan. The selected PNP-001 and PNP-019 classroom differences is the
orientation, where other variables such as the floor area, location, level (ground floor)
and the window design are similar. Students aged 13 to 17 we randomly selected by
the schools’ administration, where this age group have the intellect to give feedback
based on perceptions and experience. Windows and openings are controlled at 20%
WFR, which follows the recommended value (Fig. 1).

The illuminance level for each classroom is measured using data loggers located
in a 1 m × 1 m grid at 900 mm working plane height from floor level (table and
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Fig. 1 Floor plan of classroom PNP-001(left) and PNP-019 (right) [ 17, 18]

window height). The measurements show that PNP-001 received a lower average
illuminance level of 281 lx, meanwhile PNP-019 received illuminance level within
the recommended range, which is 340 lx, shown in Fig. 2.

Fig. 2 Average illuminance level comparison between two PNP classrooms
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Modified LogMAR chart for visual acuity test was used to evaluate the students’
reading and writing task performance. The 30 students were arranged in three rows,
where 10 students seated in each row. The LogMAR chart was read and rewritten
with the additional of questionnaires to identify the students’ perception on their
performance of the LogMAR chart test. The students are required to record their
writing performance speed based on the provided timer in front of the classroom.
The questionnaire also included with their perception on the classrooms’ daylight
condition during the test. Result shows that both classrooms perceived by the students
as having a comfortable and suitable daylighting condition for reading task.

The average time speed recorded for the students to rewrite the LogMAR chart
shows the average Arabic writing performance of the students, as shown in Fig. 3.
The average time speed for students in classroom PNP-001 is 87 s (1 min 27 s) and
students in classroom PNP-019 is 108 s (1 min 48 s). This shows that the learning
performance of students in classroom PNP-001 is better than students in classroom
PNP-019. This contradicts the theory where students seated in the classroom that
achieved recommended illuminance level have better learning performance.

Fig. 3 Average handwriting performance between two PNP classrooms
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4 Conclusion

A clear correlation can be seen between acceptable illuminance level and students’
learningperformance in the provided literature review, strengthenwith the by the pilot
study. Since the one of the preferredmethods of hafazan is reading, it is highly recom-
mended that the classroom design should considers the windows and openings for
adequate illuminance level. The ranges of acceptable illuminance level for students
should be revised and requires further study, proven where the students in classroom
PNP-001 that received lower than recommended illuminance level performs better in
reading and writing performance. Therefore, providing acceptable illuminance level
in a classroomfor hafazan education can improves the students’ hafazanperformance.
This study encourages architects to consider daylighting in designing classrooms for
schools that integrates Islamic education such as hafazan in the curriculum.
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The Method of Measuring Students’
Arabic Handwriting Performances
in Classrooms

Raja Nur Syaheeza Raja Mohd Yazit, Elina Mohd Husini,
Awang Hasim bin Awang Sulong, and Ruzanah binti Abu Bakar

Abstract A design that uses passive design strategies usually optimizes daylight
source for occupants’ visual comfort. Through literature review, it suggested that the
students’ performance is influenced by the daylight level of the space.Manymethods
have been introduced to identify students’ English writing performance in relation
to the daylight level in classrooms, not so many for Arabic writing. The aim of
this paper is to review the Arabic writing performance assessment that were used to
developSyaheeza’sDaylightRule of Thumb (DRT). TheArabicwriting performance
were measured in word per minute (wpm), which is similar with the Handwriting
Speed Test (HST). Therefore, this paper proposes a method to measure students’
Arabic handwriting performance in a daylit classroom by using the modified Balsam
Alabdulkader-Leat (BAL) eye chart. This benefits schools that uses Arabic writing
as a teaching medium in a daylit classrooms.

Keywords Daylight · Illuminance level · Reading and writing performance ·
Daylight rule of thumb

1 Introduction

The quantity and quality of the daylight in building assessment tools identifies its
effects on students’ visual comfort [1]. There is various recommendation by stan-
dards and guidelines for acceptable illuminance level in learning spaces such as
Malaysian Standard 1525 (MS1525). This paper reviews the suitability of method
used to evaluate students’ Arabic writing performance in daylit classrooms, which
is the modified BAL eye chart [2] that identifies the students’ Arabic handwriting
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performance in relationwith the illuminance level of the classroom.TheArabic hand-
writing performance were measured based on the word per minute (wpm). Studies
that use modified BAL eye chart were selected for this paper.

1.1 Aim and Objectives

The aim of this study is the review of the modified BAL eye chart in measuring
students’ Arabic handwriting performance as a reliable tool. First objective is to
review the BAL eye chart based on references of other handwriting performance
assessments. Second objective is to analyse the results and outcome of modified
BAL chart from previous research.

2 Literature Review

Studies highlighted that daylight intensity influenced the students’ visual stimuli, thus
influenced the students’ learning performance in classroom [3]. The eye strain expe-
rienced in classroom can be reduced by providing adequate daylight [4]. Malaysian
standards follow Illuminating Engineering Society of North America (IESNA)
recommendations on classrooms illuminance level, which is between 300 to 500 lx
[5].

The comprehensive sentences in the Minnesota Near Reading Test (MNREAD)
acuity charts allows it to extensively evaluate the handwriting performance results [6].
A logarithmically scaled chart known as Colenbrander evaluates the reading acuity
score, maximum reading speed and mean reading speed to identify the respondents’
visual performance [7]. The BAL eye chart is currently the only developed Arabic
acuity eye chart [2].

A handwriting performance assessments principle has three tasks, which are
copying, dictated writing and narrative or free writing [8]. Another principle requires
five tasks, which are ‘Best’ copy, ‘Fast’ copy,Writing alphabets, 10-min free writing,
and non-language-based tasks [9]. Test of Legible Handwriting (TOLH) assess the
students’ handwriting by recording the students’ time [10], which determines the
students’ word per minute (wpm) score [11].

Handwriting Proficiency Screening Questionnaire (HSPQ) uses Likert scale type
questionnaires to indicate students’ performance, which consist of three domains
(legibility, performance time, well-being) [12]. The most used standardised assess-
ment is the Detailed Assessment Speed Handwriting (DASH) [13] for English, while
Hebrew Handwriting Evaluation (HHE) is the standardised Hebrew handwriting
performance assessment tool [14]. Additionally, the BAL eye chart was developed
for Arabic alphabet eye acuity test [2].
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3 Case Study of Arabic Handwriting Performance
Assessment

Syaheeza’sDRT is developed for IslamicReligious schools that usesArabic language
as teaching and learning medium. Thus, to evaluate students’ Arabic handwriting
performance, the BAL eye chart was modified to fit the function of handwriting
performance assessment tools as shown in Fig. 1. Both case studies use the same
method that utilizes the modified BAL eye chart.

Students aged 13 to 17 were selected in the Kolej Genius Insan due to their age
capabilities to give feedbacks based on perceptions and emotions. The students were
seated in three rows with eight students in each with a normal school table (Fig. 2).

Higher illuminance level recorded resulted in lower students’ performance (Fig. 3)
proves that daylight intensity in the classroom correlates with the students’ learning
performance. This correlation also proves that the method used to evaluate students’
Arabic handwriting performance are reliable for similar research scope and scale.

Fig. 1 Modified Balsam
Alabdulkader-Leat (BAL)
eye chart [15]
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Fig. 2 Information of Kolej Genius Insan selected classrooms [15]

Fig. 3 Correlation; illuminance level and Arabic handwriting performance [15]

The diagram shows a direct correlation between students’ performance and illu-
minance level, where the increment of illuminance level at working plane height
decreases the students’ performance. However, session one results shows that when
the illuminance level is slightly lower than 300 lx recommended, the students’ perfor-
mance exceeds the average performance for their same age group. Setup for the
second case study in MJIIT is as shown in Fig. 4.

The students are arranged in four rows with five students in each row. the students
were seated facing the windows instead of having the windows on both or either side
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Fig. 4 Setup for Arabic
handwriting performance
assessment in MJIIT [16]

Table 1 Arabic handwriting performance based on word per minute (wpm)

Range of Acceptable
illuminance level (in
daylighting; lux)

Percentage above
Average Score (%)

The Fastest Speed
(Time)

Word per minute
(wpm)

MJIIT 401–599 50 8 min 52 s–10 min
30 s

15.7–13.3

Kolej Genius Insan 280–446 35 7 min 45 s–9 min
50 s

18.1–14.3

*Average wpm for age 13 to 17 years old is 14.7

of the classroom. Table 1 shows the results of the Arabic handwriting performance
assessment for both case studies.

50% of the students in MJIIT session scores higher than the average wpm in their
age group, while only 35% students in Kolej Genius Insan sessions wpm scores are
above average. The difference of modified BAL eye chart wpm scores shows that the
range of different illuminance level in the classrooms highly influences the students’
performance. Since that both studies show correlation between the average illumi-
nance level and the Arabic handwriting performance as literature review suggested,
this proves that the modified BAL eye chart is reliable to be used in daylighting
evaluation research and studies in relation to students’ handwriting performance
assessment.

4 Conclusion

Eye charts such as MNREAD, Jaeger and Colenbrander chart are suitable to be
used to identify the correlation between students’ handwriting performance (wpm)
and illuminance level (lux). However, these eye charts emphasized the use of English
alphabetical system instead of other languages such asArabic. ThemodifiedBALeye
chart used to developSyaheeza’sDRTcan replace the permentionedEnglish alphabet
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eye charts to evaluates the correlation between illuminance level and students’ Arabic
handwriting performance. This method can be useful for schools that uses Arabic
language as the main medium for teaching and learning. Noted that other factors
such as WWR or WFR and the performance zone (2.5 m to 4.5 m away from the
window) influenced the illuminance level and students’ performance as well. Even
though the current modified BAL eye chart can produce reliable results and prove
of correlation between illuminance level and Arabic handwriting performance, the
modified BAL eye chart and the methods used requires further improvement towards
its adaptations to other field of studies.
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The Correlation Between Indoor Radon
Concentration for Different Types
of Building and Its Ages

Norhayati Abd Manap, Norelyza Hussein, Suhairul Hashim,
and Zainura Zainon Noor

Abstract Radon is a naturally occurring gas that originated from the geology mate-
rial. Most of the building materials like bricks, concrete blocks, aggregates and sand
produce radon gas and it will exhale into the residential building. The high contam-
ination of indoor radon gas in the residential building is very harmful to human
health. Therefore, this study was conducted to investigate the indoor radon concen-
tration in residential buildings as well as its relationship with building material and
age of the building. The Radon Eye detector has been used to measure the indoor
radon concentration. Based on the finding results, the indoor radon concentration
of concrete type residence, 283 Bq/m3 is higher than the wooden type of residence
14.13 Bq/m3. However, few mitigations can be taken to reduce the indoor radon gas
included to provide good ventilation system in the residence.

Keywords Radon · Indoor air pollution · Air quality · Building materials ·
Building ages

1 Introduction

Indoor air quality is very important to human because most people spend about 90%
of time indoor either at home or in working area [1]. Thus, indoor air quality has a
significant impact on human health. One of hazardous indoor air pollutants is radon.
Radon can be defined as a radioactive gas that originated from geological materials
which usually used in the building construction like aggregate, sand, and cement. The
exhalation of radon gas from the building materials will accumulate in the building.
If indoor radon gas been inhaled by human, its will cause the damage of respiratory
system [2] and it had been agreed by Ahmad et al. [3]. World Health Organization
(WHO) [4] and Internal Research on Cancer Canter (IRCC) had declared the radon
gas as a carcinogenic gas for lung.
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The study should therefore be conducted to investigate the concentration of indoor
radon in residentials buildings, especially its association with their age and type of
building material. There is currently no clear law and regulation in Malaysia imple-
mented by policy makers related to guidelines, requirements, or solutions to mitigate
the risks of residential indoor radon concentration.This researchwas therefore carried
out to identify the radon concentration in indoor residential buildings to help policy
makers and industry solve the problem of indoor radon contamination in residential
buildings.

Generally, this study is conducted to measure the indoor radon concentration for
the different types of residence. There are three objectives of this research:

1. To measure the indoor radon concentration for different types of residential in
Johor Bahru, Pahang, Negeri Sembilan, Kelantan and Putrajaya.

2. To investigate the correlation between indoor radon concentration and its
building materials.

3. To investigate the correlation between indoor radon concentration and its ages.

2 Methodology

The indoor radon concentration measurement activity began from 17 August 2020
and was finished on 9 September 2020, taking approximately 22 days to complete.
In the various types of residence, radon concentration measurement was performed,
including single storey terrace, double storey terrace, multistorey, and residence on
the village lot. The number of years of residency ranges from 2 to 30 years.

2.1 Indoor Radon Concentration Measurement by Using
Radon Eye Detector

Radon Eye detector was used to measure the indoor radon.It is known as a user-
friendly device because it is easy to operate. The detector is equipped with limit
indicator (LED sign) which will show sign the indoor radon concentration exceeding
the US EPA allowable limit, 148 Bq/m3 as shown in Fig. 1.

2.2 Location of the Study

This research had carried out in 5 states inMalaysia inclusive Johor,Negeri Sembilan,
Putrajaya, Pahang, and Kelantan. The Radon Eye detector has been used to measure
the indoor radon.
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Fig. 1 LED blinking when
indoor radon exceeding the
allowable limits, 148 Bq/m3

3 Results and Discussion

Measurement of indoor radon concentration was performed in 10 residential units in
5 Malaysian states. All these residentials were chosen in accordance with their types
and ages. The Radon Eye detector measurement unit is in becquerel per cube meter
(Bq/m3).

3.1 Indoor Radon Concentration Measurement Data
in the Different Types of Residential

The measured data for all types of residential has been shown in Table 1:
The highest value of indoor radon concentration is in the multistorey residential

located at Putrajaya with 283 Bq/m3. The type and characteristic of soil also play an
important role to identify the level of radon gas concentration. Putrajaya was overlain
on the Hawthorden Schist which located at the bottom of the rock layer followed
by the sedimentary rocks of Kenny Hill formation which it consists of interbedded
sandstone and shales. Then the upper layer of the rock is granite body [5]. According
to a research by Deborah Tolulope Esan [6], the rock types of soil usually contain
high natural radioactivity includes radon. Other than that, the second higher of indoor
radon concentration is located at Kelantan and its concentration is 116.5 Bq/m3. The
major soil types in Kota Bharu Kelantan are mainly sand, gravel, silt and clay. Then,
it is underlain by granite and metasedimentary rocks [7]. These types of soil contain
high concentration of radon gas and they also contribute to the high concentration
of indoor radon in that residence. These 2 levels exceeded the national average
concentration reference level byWHO, 100 Bq/m3 and it will increase the risk to get
lung cancer [4]. The lowest value of indoor radon concentration is 14.13 Bq/m3 and
the type of residence is wooden village lot residence and located at Felda Sg Koyan
3, Pahang. The type of soil in Raub, Pahang mostly originated from silt loam soil
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Table 1 Average indoor radon concentration for all types of residential

Item Type of
residential

Location Residential
ages
(Years)

Level Type of
building
material

Average
indoor radon
concentration
(Bq/m3)

Std.
dev.

1 Single
storey
terrace
residence

Taman
Universiti,
Johor

26 Ground
floor

Concrete 31.38 + 17.88

2 Double
storey
terrace
residence

Jalan
Sejambak
Taman
Bukit
Dahlia,
Johor

10 Ground
floor

Concrete 22.75 + 9.81

First
floor

Concrete 53.13 + 9.59

3 Double
storey
terrace
residence

Jalan
Semerbak
Taman
Bukit
Dahlia,
Johor

2 Ground
floor

Concrete 22.75 + 9.81

First
floor

Concrete 40.00 + 5.89

4 Village lot
residence

Felda
Jengka 4,
Pahang

10 Ground
floor

Concrete 31.00 + 8.21

5 Village lot
residence

Felda
Palong 13,
Negeri
Sembilan

10 Ground
floor

Concrete 33.50 + 11.47

6 Village lot
residence

Felda Sg
Koyan 1,
Pahang

20 Ground
floor

Concrete 40.00 + 6.12

7 Village lot
residence
(Wood)

Felda Sg
Koyan 3,
Pahang

30 Upper
floor

Wooden 14.13 + 2.53

8 Multistorey
residence

Apartment
in Horizon
Hills,
Johor

6 Level 6 Concrete 27.25 + 6.08

9 Multistorey
residence

Hotel in
Putrajaya

7 Level
24

Concrete 283.00 + 18.51

10 Multistorey
residence

Apartment
in Kota
Bharu,
Kelantan

6 Level 9 Concrete 116.50 + 11.70
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[8]. With reference to the previous study, the radon concentration in silt loam soil is
less than sandy or rock soil.

3.2 The Correlation Between Indoor Radon Concentration
with Its Building Materials

The hypothesis indicates that the indoor radon concentration in the concrete residence
shall higher than the concentration in the wooden residence. The results of this study
had indicated that the hypothesis is correct because the highest concentration of
indoor radon gas had accumulated in the concrete multistorey building located at
Putrajaya with an average concentration of 283 Bq/m3. The high concentration in
that building perhaps due to no natural air ventilation in the roombecause all windows
anddoorswere closed.Therefore, the exhaled indoor radon from thebuildingmaterial
was accumulated in the room and increase the concentration of indoor radon.

However, the lowest concentration of indoor radon in this study is 14.13 Bq/m3

belongs to the Wooden Village Lot Residence located at Felda Sungai Koyan 3,
Pahang. This residence was fully constructed by using wood. Based on the study
carried out by Lee et al. [9], the wooden structure material does not exhale the radon
gas and its lower concentration might be originates from surrounding soil.

3.3 The Correlation Between Indoor Radon Concentration
with Ages of Residential Building

Based on the hypothesis, the indoor radon concentration of the older building suppos-
edly higher than the new building. The results of this study had proved that the above
hypothesis is correct. Table 1 shown that the highest indoor radon concentration is in
the 10 years double storey residence with 53.13 Bq/m3 compared to the 2 years resi-
dence which only 40 Bq/m3. For multistorey resident (Concrete Type), the result had
indicated that indoor radon concentration in Hotel at Putrajaya is 283 Bq/m3 and its
age is 7 years which is higher than the other two units of 6 years ages of multistorey
residences and its concentrations are 116.5 Bq/m3 for Apartment at Kelantan and
27.25 Bq/m3 for Apartment at Johor Bahru. There is a big gap between the indoor
radon concentration in a Hotel in Putrajaya and the other two multistorey residences.
This is most probably because the Hotel in Putrajaya is not operated for the long-time
duration due to the closure during Movement Control Order (MCO). Therefore, it
causes the indoor radon gas accumulated in the room as well as increase the concen-
tration. The lowest indoor radon concentration is 27.25 Bq/m3 which located in the
Apartment at JohorBahru. Its lowest valuemost probability caused by the good venti-
lation system in that resident. Other than that, the concrete type village lot residence
indicated that the highest concentration is 40 Bq/m3 and the ages of residence is
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20 years compared to the lowest concentration 31 Bq/m3 and the ages of its building
is 10 years. It is usually having some crack and it allows the radon gas emanating
from the ground sip into the building. The structures of new building usually still in
good condition compared to the older building.

3.4 Mitigation Measures

Providing good ventilation system is one of the strategies that can be used to reduce
the concentration of indoor radon in the residential setting. The residence must have
enough natural opening to prevent the accumulation of radon in the building.

4 Conclusion

The presence of radon gas in the building will cause a bad effect on human health.
Nowadays, majority of building materials are made from soil and rock included
bricks, sand, cement, and aggregate which will exhale radon gas into the residence.
Based on this study, the indoor radon concentration in the residencemade of concrete
is higher than the residencemade bywood. The other factor affecting the indoor radon
concentration is the age of building because this study showed that the indoor radon
concentration in old building is higher than new building. Therefore, fewmitigations
shall be taken to reduce the indoor radon. Further research needs to be carried out to
assist the policy maker to implement the utilization of the low radon gas material in
construction industry and incorporate this requirement in law and regulations.
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Developmental Stages of Eversley Childs
Sanitarium—An Urban
and Architectural Approach

Bela Lanyi

Abstract In the present pandemic, social distancing for health care calls for special
attention. Eversley Childs Sanitarium and General Hospital (ECSGH), originally
Eversley Child Sanitarium (ECS) in Metro Cebu/Philippines has been representing
for decades a humane health care philosophy and built environment. In this study,
the researcher inserts ECS in the typology of leprosy facilities and investigates
its transition through time. He follows up the social-medical backgrounds of each
spatial developmental phase. Comparing ECS with historical leprosy facilities, the
researcher proves that from its foundation on, ECS has been following community-
driven medical principles and realized corresponding architectural-urban features.
The main finding consists in the resiliency of the Sanitarium’s original design philos-
ophy which is in position to give impulse for an incoming heritage conservation and
urban rehabilitation. The researcher recommends to update the area to a modern
hospital with a cluster of livable new subdivision designs in conformity with ECS’
original dynamics.

Keywords Philippine architecture · Health-care architecture · Leprosy
sanitarium · Urban sanitation · Heritage conservation

1 Introduction

ECS has been a successful leprosy facility for decades, despite frequent revisions
of the disease’s treatment. The researcher investigated it as a venue of continuously
changing medical strategies which manifest themselves in adequately continuously
changing architectural and urban forms. Although, fortunately, almost nothing of
the original buildings had been demolished, they were being altered and reassessed
through new buildings and an urban sprawl. In this resilient connection between
medical strategies and design, the researcher recognizes a strong impulse for ECS’
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incoming urban rehabilitation. The study’s significance is its support for architectural
and health-care consciousness in the Philippines.

2 Literature, Review of Sources

Early accommodations for lepers served the society’s self-protection with little hope
for healing. In the end of the nineteenth century, Hansen discovered the cause of
leprosy, a bacillus—but he could not offer a medicine. This made the fear of infec-
tion stronger and caused so-called Segregation Laws. On the other hand, the call
for the community’s healing power also became heard. The study “The Dawn of
Humane Leprosy Segregation: Transforming Leprosarium into Home” [1] distin-
guishes this community-driven approach from formal institutional approaches to
leprosaria like the American National Sanitarium in Carville, USA [2]. Leprosy
colony Culion (Philippines) was a first model realizations of principles approved
at the Third Leprosy Conference in Strasbourg (1923). The social-political condi-
tions of that time can be studied in Moran’s book [3]. The following authors helped
studying the predecessor institutions: Bailey [4], Robertson [5], Sakaino [6], The
Leprosy Mission [7], and Chapman [8]. Interviews were made with stakeholders of
ECS.

The leprosy sanatorium in Cebu, now called Eversley Childs Sanitarium and
General Hospital (ECSGH), is located in Mandaue City (Cebu Province). The place
is healthy: outside the city but not far. It was founded during the American colonial
time by the Leonard Wood Foundation with Mr. Eversley Childs as donor, with
involvement of Catholic male and female religious [9]. Construction began in May
1928 and was completed two years later on May 3, 1930. There were 52 concrete
buildings, waterworks, sewage system, a telephone system, equipment and the like.
It was occupied on May 26 with 540 patients transferred from the Carreta Treatment
Center (“Cebu Skin Clinic)” [10]. ECS homepage indicates that originally inhabited
area was Block I (32.2830 ha acquired in 1930), while in 1932, a work area, Block
II, with 19.9575 ha, was added [9].

The urban planning of the area is unique. While it takes over urban planning of
traditions of health-care facilities, it smartly adjusts itself to the local topography
which contains a central plateau and several hill ridges. This kind of distribution of
buildings is very much valuable as it breaks the buildings into small and uses the
terrain’s abilities.

“Eversley Childs Treatment Station was the first regional institution established
purposely to make segregation and treatment of patients suffering from leprosy more
attractive. This was a departure from the system of compulsory segregation of all
bacterio-positive cases in Culion. It was later renamed ECS” [9]. ECS’ areawitnesses
a community-oriented philosophy that, despite legal and habitual calls for separation
and social distancing, saw healing as a community achievement.
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3 Research Methodology

This study is a “case study research, a strategy in which a particular setting or
circumstance is investigated holistically using a variety of data collection and anal-
ysis tactic” [11]. Thus ECS is viewed within the context of history (developmental
stages), medical science (improving treatments), and sociology (formal and informal
settlers). The research inserted ECS’ core philosophy and its realization in the histor-
ical development of leprosy treatment. From the institutional and the community-
driven approaches to Hansen’s disease the research identified key principles of the
community-driven approach and proved that these principles shaped ECS’s archi-
tectural and urban design. Then the research mapped out the resilient continuation
of ECS’ core philosophy amidst changing medical technology and urban sprawl. In
terms of limitations, this study covers only the original (1932) territory of ECSwhich
needs an architectural-urban rehabilitation.

4 Key Principles of Historical Community-Driven
Leprosaria

To identify key principles of historical community-driven leprosy settlements, the
study correlates their major spatial design features with their partial healing objec-
tives. The set of principles below, marked with letters from A to I, was extracted
from Lim’s paper (1) which contained but not explicitly listed them up. Chapel and
Convent buildings (A) serve the patients’ spiritual needs. They provide lovingmedical
and personal care, counseling, and morale-building services. Scenic building envi-
ronment (B) serves emotional relief. A major factor was to create cottages instead of
wards, a home rather than an institution (C). “To establish a humane leprosarium, the
arrangement of patient’s houses should not be rigid or in massive scale. The whole
leprosarium complex should be broken down into smaller forms and distributed on
pleasant landscape,” as observed by Lim and Lim [1, p. 5; 12] Verandahs provide
fresh air. Distinguished house rows separated genders and married couples (D) to
avoid children contagion. In fact, the only contrast between this leprosarium and a
regular village was that male and female could not reside together [13, pp. 215–
230]. Workspaces for productive labor (E) were provided in buildings and on the
area. Common facilities for an efficient community (F) expressed a strive for self-
support and self-governance of the patients. School rooms (G) expressed a sign of
hope. Various health-care buildings (H) served a holistic care.
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5 The Original Approach of ECS Was Community-Driven
(1928–1932)

In this chapter, the researcher proves that the major principles of community-driven
approach were applied here, despite the (at that time compulsory) social distancing.
Chapel and convent (A) made the settlement resemble a monastery. Its center is
Sacred Heart Chaplaincy (1932) [14]. For scenic environment for emotional relief
(B), ECS was built on a hilly area but close to the sea and to a strong spring with
potable water.Cottages instead of wards—a home rather than an institution (C)were
built. This allowed a better identification of patients of the same cottage. The patients
were empowered by the trust of a smaller community and less institutional control.
“Each cottage housed 20 patients in a one-room house. There was no compartment.
Five beds were placed on each sides, eachwith a bed-side table. The patients cooked”
[15]. Bathhouses outside the cottages served hygiene.

Each ESC cottage had a verandah for fresh air (D), cross-ventilation and commu-
nity area. Building rows for gender separation (E), a building law requirement of
those times, was carefully realized in the urban design of the Sanitarium. The twenty
two (22) male cottages were distributed on the tableland and partly on two moun-
tain ridges. The eleven (11) female cottages were arranged on the other side of the
playground plaza, in a plan forming letter “A”. However, the community principle
prevailed, despite strict separation, since the plaza serves not only a spatial separation
but also a connection through common activities.Workspaces for Productive Labor
(F) consisted in workshops and huge agricultural and fishery areas [15].

Common Facilities for Community-Driven Self-Support (G) were the administra-
tion and event buildings which expressed a democratic attitude of self-government
for more than 1,000 patients and new contacts. An own patient police maintained
border control and internal discipline. When after the 1980s, this order was chal-
lenged by locker medical rules and growing urban sprawl—inner fences had to be
erected. Regularly, entertainment and sport events took place. Teaching–learning
(H) provided in ECS was necessary since here born children were prevented from
outside ducation due to the stigma of their parents’ leprosy.Holistic care (I) provided
well-equipped infirmary buildings and even a cottage for tuberculosis cases. The
community had its own cemetery.

6 Further Developmental Stages

Updating the Sanitarium (1930–64) was the next developmental stage of the Sani-
tarium due to a new medical achievement in the 1950s. The introduction of Sulfones
in the early 1950s changed the directions of sanitaria and patients’ hopes. The Philip-
pines, and this sanitarium in particular, was involved in medical research. Foreign
scientists frequently arrived and spent significant time here. The growing Philippine
population and the lack of efficient therapy led to a growing number of patients.
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After WWII, ECS remained intact and was completed with a few new buildings for a
growing number of patients with a peak in 1955 of 1,250 patients. A new a research
building was built, with a farm for test animals.

After Lifting of the Separation Law (1964–1988), medical science confirmed the
healing power of community and the human dignity which were always the convic-
tions of ECS. A milestone here was the “Lifting the Separation Law” rule which
instructed that “no persons afflicted with leprosy shall be confined in a leprosarium
but be sent to skin clinics or physicians—except for some special cases” [16]. The
number of patients decreased but there were also “healed” patients who relapsed.
Thus some cottages were changed into daycare centers. Former hansenites still had to
be accommodated who could not go back to their original place because the leprosy
permanently changed their appearance, even if they were not any more contagious.
Male and female were not any more separated—thus villages (“barrios”) inside the
Sanitarium came into existence but at that time, only for patients and their close
relatives. A circumferential road was built to connect the villages which occupied
“valleys” between cottage areas which were unused in the original design.

The Change to a Regular Hospital (1988–) is the recent trend after a new, finally
very efficient and quick treatment (Multiple Drug Therapy or Rifamicin) made
home treatment without infection possible. The successes of this multidrug therapy
resulted in the Devolution Law (1991) which rationalized admission, discharged
those who did not need hospitalization, and provided cash incentives for former
patients who decided to leave the Sanitarium [17]. However, most of them did not
want to leave because their appearance hindered them in job opportunities outside.
Both the decreasing number of patients and the increasing medical expenses made
the change to a regular hospital necessary. The Government’ Sanitarium Convertion
Plan (1999) foresaw here a general hospital. Thus in 2006, ECS was provided an
allowance of 450 beds as a Sanitarium and 50 beds as a General Hospital. Today,
only four (4) original cottages are occupied by hansenites who are negative patients
with visible body damages [15].

Recent new buildings are theOutpatient Building and the Clinics Building (2008).
At present, construction of a modern, multistory building is ongoing.While beautiful
new buildings are being erected, the researcher observed how the original cottages
under heritage protection are getting deteriorated. Due to decreasing discipline and
urban sprawl, outside illegal settlers moved in (2000–today). Most of the unused
original cottages were turned over to Sanitarium employees [10, 15]. For protection
in a chaotic situation, the Hospital Area and the Custody Care Area had to be fenced
[15]. Only one local researcher uses the underused Research Building. As an unfor-
tunate recent development, landtitle claims arose abusing inaccuracies in the land
acquisitions’ documentation more than 80 years ago. Although presidential decrees
twice ordered that associations of inhabitants be protected with land titles but 400
families still live in insecure legal conditions [18–20].
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7 Findings, Conclusions

The Sanitarium’s original design sensitively mirrors the professional philosophy
behind it. Treatment strategies and hopes for healing underwent several changes—
and the Sanitarium was always able to physical facilities. Thus in chronology,
its spatial development corresponds to changes in leprosy healing. ECS is a very
dynamic and sensitive example of health-care architecture where old buildings can
adapt to new situations and accept additional new buildings in a flexible and organic
cooperation of building generations. In fact, its heritage conservation is necessary not
only for cultural awareness but also for health care consciousness. The researcher’s
feeling is that the building complexwill undergo a radical change through its accepted
new role as a General Hospital.
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Impact of the 4.0 Industrial Revolution
on the Construction Industry in Malaysia

Gunalaan Vasudevan and Wong Wei Ming

Abstract This paper discusses the impact of the 4.0 Industrial Revolution on the
Malaysian construction industry, which has been evolving since the 1980s. This
research seeks to investigate and understand the increasing awareness for a compre-
hensive change in the social needs in the modern construction industry. One hundred
respondents completed the questionnaire for this study and the results were analyzed
and tabulated using the SPSS system. Most respondents agreed or strongly agreed
that they look forward to Malaysia adopting the industry 4.0 technologies in the near
future. Most respondents have a positive mindset and provided positive feedback. A
strategic construction knowledge in the application of Industry 4.0 technologies can
ensure a better future and benefit the construction industry in Malaysia. Presently,
the impact of industry 4.0 on the Malaysian construction industry is still in its early
stage relative to other countries. Proper utilisation of industry 4.0 technologies will
take the Malaysian construction industry to the next level.

Keywords 4.0 Industrial Revolution · Construction industry · Strategic
construction

1 Introduction

The term Fourth Industrial Revolution was coined by Klaus Schwab, who is a former
professor and the founder of the World Economic Forum. Technologies such as
artificial intelligence, autonomous vehicles and the Internet of things are increas-
ingly being infused and adopted in daily life. These technologies are even used in
our bodies, such as voice-activated virtual assistants, facial identity recognition and
health care sensor. In otherwords,modern technologies are increasinglymergingwith
human life, and the technologies are currently transforming and evolving at a faster
pace than the previous Industrial Revolutions. As a conclude for shape shaping the
future technologies, the Fourth Industrial Revolution ismaking away to changes ours
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way of life and it impacting in every of the business inMalaysia as it is happening and
changing without even a notice [1]. Associated with this flexibility, Industry 4.0 aims
at overcoming contemporary challenges, such as intensifying global competition,
volatile markets and demands, required customization, as well as decreasing inno-
vation and product life cycles. Industry 4.0 serves as a useful and targeted approach
to deal with these challenging requirements [2]. This process shows that Artificial
Intelligence can operate by itself and co-functionwith humans to produce a customer-
oriented product that continuously improves itself. The machine has the ability to
collect data and analyse the data in a split second. Moreover, it has becoming in a
way that they can introducing optimization, cognition, and customization by itself
in the business industry.

2 Problem Statement

The Fourth Industrial Revolution could increase sales, revenues, and profit, reduce
expenditure and introduce cutting edge technologies. Despite this, employment
remains the most special aspect of the Fourth Industrial Revolution. An average
employee would want to know if there will be a creation of new jobs; if the tradi-
tional industrial worker would be able to adapt to the new working environment; and
if the changes would result in them losing their jobs. Even though the Fourth Indus-
trial Revolution offers the most advanced technologies in manufacturing, the use
of machines in the industry may replace the traditional way of working. The most
challenging aspect in the Industry 4.0 technology is IT (Information Technology)
security risk. Storing all data in the computer means they are exposed to data secu-
rity problems such as a breach of the security system that leaks data to the public.
The threat of cybercrime must always be given the top priority because it affects the
nation and not just several individuals [3].

3 Research Methodology

The purpose of this information data is to investigating how is suppose that our chosen
respondents wherewe had chosen from the area, wewanted to research and randomly
selected 50 respondents and observe their answer of the question of Impact of Fourth
Industrial Revolution in Malaysia’s Construction Industry. The questionnaire was
distributed to respondents in Klang Valley.
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3.1 Part A (Demographic Information)

The questions in Part A gather information on the respondent’s name and age, occu-
pation, organisation, prior expertise and experiences with Industry 4.0 technology.
This part will also involve the respondent’s company or firm operate their company
with their own method and opinion on Industry 4.0.

3.2 Part B (Respondent’s Response)

The questions in Part B gather the respondent’s responses and opinions on themodern
construction industry being forced to abandon the traditional construction industry.
The questions gather the respondent’s opinion on the traditional construction industry
before the adoption of Industry 4.0 and the impact of its adoption on the industry.

3.3 Part C (Respondent’s Vision)

The questions in Part C are concerned with increase of consciousness of compre-
hensive of changing the social needs in construction learning. This section seeks to
understand the respondent’s preference based on their past and current e-learning
experiences, the challenges in adopting Industry 4.0 in the construction industry, the
vision of the future of the construction industry, and the advantages and disadvantages
of Industry 4.0.

3.4 Data Analysis

The gathered data was analysed using the SPSS software. The software performs
statistical analysis using learning algorithms, open or end source of extension, and
integrate the data into the application.

4 Result and Discussion

4.1 Experience with Industry 4.0

Table 1 shows the frequency table for the experiencewith Industry 4.0 in the construc-
tion industry. More than half of the respondents, 52%, chose Maybe as the response,
and 23% indicated that they do not have experience in Industry 4.0. The remaining
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Table 1 Experience with Industry 4.0

Frequency Percent Valid percent Cumulative percent

Yes 25 25.0 25.0 25.0

No 23 23.0 23.0 48.0

Maybe 52 52.0 52.0 100.0

Total 100 100.0 100.0

25% of the respondents have experience applying Industry 4.0 in the construction
industry.

4.2 Awareness of the Changing Social Needs in the Modern
Construction Industry

Figure 1 shows that the highest mean of 4.09 is for the question, “Which method
of producing a design drawing do you prefer, hand drawing the building design or
using BIM to produce the building design? Do you prefer the method because of
its efficiency and advantages?”, indicating that most respondents agreed with the
statement and most respondent have pick on agree. The second-highest mean of 4.01
is concerning the awareness for a comprehensive of changing the social needs in the
construction industry. “If Malaysia has implying technology of industry 4.0, and do
you think you can able to work with the technology?” and “Do you look forward to
Malaysia adopting the industry 4.0 technology in the near future?”Most respondents
has chosen more tend towards agreeing with the opinion. Moreover, as for the third
highest Mean is 3.94 where is it the question “Should people start to look more into
the future construction industry with Industry 4.0?” as most respondents also tend to
agree than disagree. Following as the fourth highest Mean is 3.91 which indicate of
“If working beside with modern technology, do you think it will bring more benefit
than less benefit to the construction industry?” most of the respondents also chose

Fig. 1 Awareness of the
changing social needs in the
modern construction industry
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towards more agree than disagree and neutral. Last but not least for, least amount
of Mean which is 3.82, represent of “Do you think technology industry 4.0 brings
people unite as one and gather people working together?” while even though is least
Mean among them but it is also the most respondents has chosen agree on.

4.3 Identify the Modern Business Industry That Is Forced
to Abandon the Traditional Business Industry

The descriptive statistics in Table 2 shows that the question “Do you think that the
4.0 Industrial Revolution has an impact on theMalaysian construction industry?” has
the highest mean of 3.93, which means that most respondents agreed with the Yes
the statement with the second-highest mean of 3.86 is “Do you think economic,
organization, politic and even social will become more challenging if implying
industry 4.0 technology in construction industry?” Moreover, as for the third and
fourth is the factors has the Mean,3.86 about respondent choose agree on “Do you
think economic, organization, politic and even social will become more challenging
if implying industry 4.0 technology in construction industry?” and Fourth Mean is
present by 3.74 which mostly respondent will chooses agree on the factor Malaysia’s
Government will support industry revolution 4.0 in the construction industry?”. List
going to theMean is 3.70 represent to the factors of “If all of the traditional construc-
tion industry will be fully replaced with industry revolution 4.0, is it acceptable for
you?” of most respondent had chosen agree on andMean is 3.20 which represent the
factors of “Do you think those who still using traditional method will out of job the
response to the question “Do you prefer using traditional construction method over

Table 2 Descriptive statistics for identifying the modern business industry forced to abandon the
traditional business industry

N Mean Std. deviation

Do you agree with completely replacing the traditional
construction industry with the 4.0 Industrial Revolution?

100 3.70 0.732

Do you think that the 4.0 Industrial Revolution has an impact on
the Malaysian construction industry?

100 3.93 0.756

Do you think that the Malaysian Government supports the 4.0
Industrial Revolution in the construction industry?

100 3.74 0.883

Do you prefer using the traditional construction method over the
modern construction method?

100 3.18 0.845

Do you think that utilizing industry 4.0 technology in modern
construction would incur higher costs than the traditional
construction method?

100 3.87 0.787

Do you think economic, organization, politic and even social will
become more challenging if implying industry 4.0 technology in
construction industry?

100 3.86 0.817
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Table 3 Descriptive Statistics for whether the revolution resulted in greater disparity in the modern
construction industry

N Mean Std. deviation

Do you think the increased use of industry 4.0 technologies will
increase the society’s anxiety with the construction industry?

100 3.27 1.014

Do you think it will cause more obvious on Low skilled/Low pay
and High skilled/High pay in the future construction industry if
utilizing industry 4.0?

100 3.63 0.800

Do you think human worker will want to work together with
technology industry 4.0?

100 3.80 0.752

Do you think the workers see technology industry 4.0 as a threat
to their work/job?

100 3.13 1.186

Do you think people can put their trusting in technology Industry
4.0 and allow them to carry the burden of the work?

100 3.82 0.809

Do you think employer should allow their worker to take
academic purpose for better efficiency to operate technology
industry 4.0?

100 4.12 0.671

the modern construction method?” has the lowest mean of 3.18. Most respondents
have no preference and will abide by the decision made by their organisations.

4.4 Examine the Revolution Lead to Greater Dissimilarity
in Modern Construction Industry

Table 3 shows that the statement “Do you think employer should allow their worker
to take academic purpose for better efficiency to operate technology industry 4.0?”
has the highest mean of 4.12, indicating that most respondents not agreed with
the question. The second-highest mean of 3.82 is for the question “Do you think
people can put their trusting in technology Industry 4.0 and allow them to carry the
burden of the work?” indicating that a higher number of respondents agreed with
the question relative to those who disagreed or are neutral. The 3.80 mean for the
statement “Do you think human worker will want to work together with technology
industry 4.0?” indicates that most respondents are willing to work using industry
4.0 technologies. The question “Do you think it will cause more obvious on Low
skilled/Low pay and High skilled/High pay in the future construction industry if
utilizing industry 4.0?” has a mean of 3.63, which shows that most respondents
either agreed with the question or were neutral regarding whether Industry 4.0 will
completely replace and not replaced them. Most respondent either agreed with the
question or are neutral concerning the question “Do you think the rise of industry 4.0
technologywill increase the society tomoreworry about construction industry?”; this
statement has a mean of 3.27. Finally, the question “Do you think people see industry
4.0 technology as a threat to their work/job?” has amean of 3.13, indicating that most
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respondents are neutral relative to those who agreed or disagreed. They believed that
Industry 4.0 would not necessary fully replaced work job or fully replaced the work
job.

5 Conclusions

In conclusion, Industry 4.0 or the 4.0 Industrial Revolution has an impact on the
Malaysian construction industry [4]. Although Malaysia is still in the early phase of
the 4.0 Industrial Revolution relative to other countries, its construction industry will
achieve a higher level that would bring prosperity and glory to Malaysia. It is based
on economic, social, political, and organization challenge on construction industry
with how respondents is looking regarding modern construction industry is slowly
replaced traditional construction industry [5]. The respondents of this study agreed
that the modern construction industry should replace the traditional construction
industry. like project the executives, arranging and configuration just as the offsite
assembling and supply of building materials with utilizing industry 4.0 can be easily
execute efficiency and less cost required. Most of the respondents look forward
to adopting Industry 4.0 since this could meet the requirement of how the social
needs regarding in efficient and quality in future construction industry and such as
interoperability is the way of communication of information the data to finalize the
report like measurement and coordination in construction field with more emphasis
in priority and better condition of the data and enable to access and comprehensive
the data [6]. Industry 4.0 enhances the overall of the efficiency construction industry.

Future research could investigate the data on the impact of the Fourth Indus-
trial Revolution on Malaysia’s construction industry may not be accurate. and each
of construction worker’s opinion might be varies and also different. Allowing to
be part of actual experiencing in Industry 4.0 impact Malaysia’s construction firm
to understand more about the research topic. Modern construction industry force
to replaced traditional construction industry, awareness of comprehensive of social
needs in construction industry and Industry 4.0 escalate social tension in construction
industry [7].
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The Challenges and Impacts
of COVID-19 on the Construction
Industry in Malaysia

Gunalaan Vasudevan and Yap Chai Yuen

Abstract The COVID-19 pandemic brings with it serious challenges that have a
huge impact on the construction industry. Malaysia was placed under lockdown
during the pandemic and a Movement Control Order (MCO) was enforced on 18
March 2020 to prevent the spread of COVID-19. This research seeks to determine
the challenges and impacts of COVID-19 and the measures taken by the Government
on theMalaysian construction industry. The literature review provides the theoretical
background for the study and establishes, enhances, and consolidates the knowledge
base for this study. A questionnaire survey using Google form was used to collect
the data. One hundred questionnaires were distributed to gather the data. This survey
was carried out in Klang Valley, Kuala Lumpur. This study used the SPSS software
to analyze the collected data employing frequency analysis, descriptive analysis, and
chart builder. The findings of this research contribute to the body of knowledge on
the challenges and impacts of COVID-19 and the measures taken by the Government
on the construction industry in Malaysia.

Keywords COVID-19 · Construction industry · Impacts · Challenges ·
Government measures

1 Introduction

Coronavirus disease (COVID-19) is a new disease that appeared in China and was
transmitted to humans from animal species. In humans, COVID-19 can cause an
illness that ranges from the common cold to moderate respiratory illness. The rapid
spread of COVID-19 in Malaysia brings forth many challenges that impacted the
construction industry and economy [1].

The Federal Government imposed a nationwideMovement Control Order (MCO)
on 18 March 2020, which was then extended to 9 June 2020 to curb the COVID-
19 pandemic. During the Movement Control Order, only essential services such
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as banking and finance, health care, energy, transportation, e-commerce, and radio
communicationwere allowed to operate [2]. Constructionworkswere not included in
the essential services and thereforewere not allowed to continue.Nonewconstruction
projects are allowed until the end of theMCO.TheMinistry of PublicWorks enforced
the Movement Control Order across the board except for the essential services and
critical work that do not cause harm and pose danger to the public, environment, and
workers [3].

The Covid-19 outbreak in Malaysia caused the construction sector to come to a
temporary halt and 6.3% have become the lowest point and largest contraction on the
record as compared with the previous period. Construction activities declined in the
first quarter of 2020. Any subsequent extension and implementation of a Movement
Control Order (MCO) would dampen Malaysia’s economic activities due to the
suspension of the operations by non-essential service providers.

2 Problem Statement

The COVID-19 pandemic brings with it a wide range of challenges to the Malaysian
construction industry and has a significant adverse impact on the industry. It is
estimated that the Malaysian economy incurred a loss of RM2.4 billion each day
during the Movement Control Order because most businesses and industries could
not start so as to export. According to Prime Minister Tan Sir Muhyiddin Yassin,
the Movement Control Order resulted in Malaysia incurring a loss of RM63 billion,
and extending the Movement Control Order for another month would cause an addi-
tional loss of RM35 billion, bringing the total losses to an estimated RM98 billion
throughout the lockdown period [4, 5].

About 17,000 construction companies were affected by the COVID-19 pandemic.
According to statistics from the Construction Industry Development Industry, the
construction companies in Malaysia hire the highest workforce of 850,000 construc-
tion workers [6]. On 4 May 2020, the Government enforced the Conditional Motion
Control Order (CMCO) that allowed the construction industry to operate on the
condition they comply with the Government’s Standard Operating Procedure (SOP).

Most building materials, including steel, aluminum, tiles, and architecture
finishes, are imported from COVID-19 embattled countries such as China, Europe,
and Indonesia because of their low price [7]. If COVID-19 continues to spread across
the world, there might be supply chain bottlenecks that cause a delay in the shipment
of the raw materials and equipment for all current projects. Construction companies
have to face the challenge of assessing how they will complete all ongoing projects
while complying with the Standard Operation Procedure (SOP). One of the chal-
lenges that developers have to deal with is manpower due to the strict requirement
for physical distancing requirement on the construction sites.



The Challenges and Impacts of COVID-19 on the Construction Industry … 103

3 Methodology

Research methodology is a system of procedures, techniques, and models for
obtaining the results for a research problem. It is the most common element in
research that considers the methods employed to achieve the aims and objec-
tives of the research. The methodology adopted for this research comprises several
processes, including research strategy, research approach such as a questionnaire
survey, selecting the sample and determining the sample size, data collection, and
data analysis using SPSS statistics software. This research discusses the quantitative
methods employed for collecting and analyzing the data to achieve the research aims
and objectives. The data were gathered through a literature review, questionnaire
survey, and SPSS descriptive and frequency analysis [8].

4 Result and Discussion

Research methodology is a system of procedures, techniques, and models for
obtaining the results for a research problem. It is the most common element in
research that considers the methods employed to achieve the aims and objec-
tives of the research. The methodology adopted for this research comprises several
processes, including research strategy, research approach such as a questionnaire
survey, selecting the sample and determining the sample size, data collection, and
data analysis using SPSS statistics software. This research discusses the quantitative
methods employed for collecting and analyzing the data to achieve the research aims
and objectives. The data were gathered through a literature review, questionnaire
survey, and SPSS descriptive and frequency analysis [8].

4.1 Government Measures to Control Covid-19 in Malaysia

Table 1 showed the frequency table for the measures taken by the Government to
Control the COVID-19 pandemic inMalaysia. Fifty-four (67.5%) of the respondents
agreed that theGovernmentmanaged to control the spread ofCOVID-19 inMalaysia,
while 26 (32.5%) disagreed. For example, the respondents believed that an effective

Table 1 Frequency table for the measures taken by the government to control the Covid-19
pandemic in Malaysia

Frequency Percent Valid percent Cumulative percent

Valid Yes 54 67.5 67.5 67.5

No 26 32.5 32.5 100.0

Total 80 100.0 100.0
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way to control the pandemic in the Malaysian construction industry is by improving
the living condition and accommodation for the foreign workers and carrying out
inspections at the construction sites. Any construction that fails to comply with the
standard operating procedure must be closed immediately.

4.2 Disruption in the Supply Chain of Building Materials
Due to COVID-19

For Table 2 shows that most respondents agreed with the statement that the prices of
materials for producing steel imported from China have increased considerably and
this resulted in a higher steel price; this statement has a mean value of 4.0875. The
mean value for the second statement, which measures the respondent’s agreement
with whether the construction materials and finishes are stuck in the warehouses and
at the ports during the restriction period, is 4.0750.

The Movement Control Order has resulted in the materials were stuck at
the supplier’s warehouses and port, and this caused an increase in the price of
buildingmaterials. According to [9], the prohibition to transport non-essential goods,
including construction materials, during the first phase of the Movement Control
Order resulted in 70% of import containers being stuck at the port, including 50,000
20-foot equivalent units for the automotive and constriction industry stuck at the
port.

The respondents agreed with the third statement that there was reduced cement
production because cement plants were not allowed to operate during the Movement
Control Order; the mean value for this statement is 4.0250. According to the Cement

Table 2 Descriptive statistics for the disruption in the supply chain of the building materials due
to COVID-19

N Minimum Maximum Mean Std. deviation

There was a disruption in the supply chain
of construction materials and finishes
because the materials were stuck at the
supplier’s warehouses and port during the
movement control order

80 1.00 5.00 4.0750 0.97792

The price of raw materials imported from
China to produce steel increased
considerably and resulted in a higher steel
price

80 1.00 5.00 4.0875 0.91671

Reduced cement production because the
cement plants were not allowed to operate
during the movement control order

80 1.00 5.00 4.0250 0.88554

Valid N (listwise) 80

Note 1-Strongly disagree; 2-Disagree; 3-Neutral; 4-Agree; 5-Strongly agree



The Challenges and Impacts of COVID-19 on the Construction Industry … 105

andConcreteAssociation ofMalaysia, the cement industry provides 100,000 jobs and
service contracts to small and medium construction companies, such as contractors,
suppliers, and developers. The cement industry was not allowed to operate during
the phase 1 and 2 of the Movement Control Order, resulting in massive losses to the
construction industry and late completion of projects because cement is one of the
critical raw materials in the construction industry.

4.3 Delay in Construction Progress and Project Completion

Figure 1 shows that the mean for the first statement is 4.0750, which means that the
respondents agreed they were affected by the limitation of 50% of the workforce on
construction sites. The respondents agreed with the second statement concerning the
lengthy period to test and inspect heavy equipment on the sites because they were
idle during the Movement Control Order (mean value of 4.0). The third and fourth
statements have a mean value of 3.9875 and 3.9375, indicating that the respondents
agreed with the statement that the registration process to operate a construction site
is time-consuming and the number of government officers to carry out inspection,
particularly on the heavy machinery, is limited. The 3.9125 mean for the fifth state-
ment shows that the respondents agreed they were unable to obtain permits or a

Fig. 1 Delay in construction progress and project completion
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Table 3 Inspection of the construction sites in Malaysia

Frequency Percent Valid percent Cumulative percent

Valid Strongly disagree 3 3.8 3.8 3.8

Disagree 3 3.8 3.8 7.5

Neutral 6 7.5 7.5 15.0

Agree 40 50.0 50.0 65.0

Strongly agree 28 35.0 35.0 100.0

Total 80 100.0 100.0

letter of approval to operate from the relevant authority. The 3.8750 mean for the last
statement indicates that the respondents agreed construction works are not essential
services and critical activities during the Movement Control Order.

This not only affects the quality of labor but also the overall labor performance
due to the limited number of workers allowed on the construction sites. Limiting the
number of workers at the construction sites to 50% significantly reduced the labor
productivity and capacity, and resulted in late completion of the projects.

4.4 Inspection of the Construction Sites in Malaysia

References Table 3 shows that forty (50%) respondents agreed with the inspection of
the construction sites across the county by CIDB. Twenty-eight (36.5%) respondents
strongly agreed with the statement, six (10%) were neutral, three (3.8%) strongly
disagreed, and three (3.8%) disagreed.

5 Conclusions and Recommendation

There is a dearth of literature relevant to this research due to the limited research on
COVID-19 inMalaysia. The limited literature review is oneweakness of this research
because it does not accurately represent the challenges, impacts, and government
measures in dealing with COVID-19 in the construction industry. Another limitation
of this research is the results of the findings do not reflect the general opinion of
respondents because of their lack of in-depth knowledge on COVID-19. Due to time
constraints, this questionnaire survey was conducted only in Klang Valley, Kuala
Lumpur, and this could affect the accuracy of the data. The small sample size of 80
respondents may also affect the accuracy of this study.

This research sought to identify the challenges, impacts, andgovernmentmeasures
taken to control the COVID-19 on the Malaysian construction industry. The results
of this research are useful to the parties in the construction industry, including
the employers, developers and consultants, and future researchers investigating the
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COVID-19 challenges, impacts, and government measures for dealing with the
pandemic. This area of research can help various parties in the construction industry
understand the challenges and impacts of the pandemic and the measures taken
by the Government to control the pandemic. The construction industry should be
concerned with the challenges and impacts of COVID-19 to ensure the continuity of
future projects. The Government could use the findings of the research to help the
construction industry deal with the challenges and impacts of the pandemic.
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Application of Steel Framework
for Multi-storey Modular House
Modules: A Review

Mohamad Azil Muzammil Bin Baharudin and Mohd Hafizal Mohd Isa

Abstract In developing a vertical modular house module, framework is the most
crucial element in the construction. Framework act as the support system for the
capsule to attach to the main mother structure. Thus, the main structural system
needed to be durable and resistant. The structural system is based on all elements’
type-design practice: steel columns, beams (crossbeam), floorings, and curtain wall
panels. The use of separate frame system elements (beams, columns, floorings, wall
panels) that are produced offsite and assembled on-site, as well as the use of 3D
elements (block containers) with necessary internal engineering facilities, can be
understood as twomain directions in the construction ofmodular buildings. The light
steel frame is one of the frame structures used for the construction of modular house
modules. Based on the characteristics and features, it is very suitable for construction.
Apart from that, modular house modules need a very efficient system to transport
them from place to place. Thus, the management of the modules needs to be light and
easy to transfer. The structure system that supports the module (mother structure)
needs to be strong and afford to support the modules’ load. High-strength steel is
a review based on its characteristics and performance to support the framework’s
study to support the housing modules. The study employs qualitative methods and
draws on previously collected data on a variety of steel framework and modular
housing. Thus, the data tabulated will help the study to improve the mechanism
created especially regarding the vertical system of modular construction in term of
the support, structure and things related to the construction. The application of steel
frameworks will aid modular construction industries in developing an improved and
more efficient system of multi-story modular housing.
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1 Introduction

In some countries conventional methods of construction using cast in place structural
elements and brick walls remain widely used because of the relatively low labour
cost. However, because these construction methods are inefficient, economic growth
has been stifled in the construction industry, and they are losing financial advantage
as labour costs rise [1]. In Malaysia’s Industrialized Building Systems (IBS), the
Modular Construction System (MCS) and the Volumetric Modules Construction
System (VMC) were classified as innovative methods [2]. It was determined that it
was necessary to promote a solution that would assist the construction industry in
increasing productivity and quality. Malaysia adopted IBS in response to concerns
about skilled craftspeople, expedited completion, cost, and transportation [3].

Modular construction is a construction method where construction modules are
manufactured off-site. Modular constructions incorporate a variety of structural
systems and construction materials into a single structure [4]. Modular housing is
the industry’s most recent innovation. Prefabricated room-sized volumetric units
are manufactured in a factory and installed on-site as load-bearing building blocks
in modular construction [5]. In most cases, the modular discrete units form an
autonomous structure. They are usually built in the factory and then fully equipped
with floors, lighting, plumbing and heating [6].

Referring to Fig. 1, it is a housing module pod. The housing pod was constructed
with the external light steel frame. The pod system is using the plug and play system
which the pod will be attached to the main core structure (referring to Fig. 2) and
the core structure r0emains as the supportive skeleton while the pod can be plug
in and out. The main structural system is the most important element in designing
the modular house modules in terms of supporting elements, as well as a system of
module installation to themain structure system.The systemcanbe also considered to
be the hybrid system. Hybrids referring to Fig. 3 usually combine panel and modular
prefabrication systems to construct a whole building [28] is the combination of the
off-site prefab modules and on-site build steel structure system or also known as the
plug in and out system.

The main structural system must be durable and resistant to support each of the
housing modules installed and attached to it. Steel is today the structural material
most frequently used for buildings and bridges because of its higher anti-seismic
properties, environmental protection, rapid construction, high usage of space, new

Fig. 1 Housing pod
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Fig. 2 Core structure

Fig. 3 Installation procedure

pictures and many other advantages. The steel structure is today the most used struc-
ture for buildings and bridges because of its superior anti-seismic properties, protec-
tion of the environment, fast construction, high use of space, innovative images and
numerous other advantages [12]. They are recyclable, have a high structural effi-
ciency, are highly adaptable in terms of design and manufacturing, and are quick to
construct. Durability is a term that refers to the ability of a structure to perform over
time [9]. To avoid deflections in the design, tension and compression are preferred
instead of bending in the structure design [13]. Apart from that, based on the housing
demand today, which become the catalyst idea of creating the vertical module house.
The steel structure study will also examine the benefits of steel framing, such as the
increased speed of on-site construction enabled by prefabrication of the wall panels
and their ease of assembly on-site [7].
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2 Research Methodology

The paper is aimed to review the application of the external frame structure for
modular housing modules construction in order to develop the best selection of the
structures for themodular housingmodules. The study is carried out using qualitative
methods, with parameter data collected based on previous research on a selection
of steel framework and modular housing. The data gathered will be analysed based
on the literature review to achieve the best selection of steel structure for multi-
storey modular design. The study’s findings will be examined in terms of the type
of steel structure used, its durability and resistance, cost and its relationship to the
construction.

3 Steel Frame Structure

Steel is one of the most widely used building materials on a global scale. Steel’s
inherent strength, toughness, and high ductility make it an ideal material for seismic
design [12].

3.1 Light Steel Framework

Light Steel Framing (LSF) is a technique for supporting the building’s floors, roof,
and walls with a “skeleton frame” of vertical steel columns and horizontal I-beams
arranged in a rectangular grid. It is a way to build quickly while also maintaining a
cleaner construction environment and reducing waste materials, all of which directly
impact the final budget [14]. The benefits of higher production quality and a simpler,
more reliable, much more consolidated and fast connection system give light-weight
steel frames a significant advantage over other structures [10]. The advantages of light
steel framing are accelerated construction on the premises because of the prefabrica-
tion and the easy assembly of wall panels. This provides the subsequent businesses
with a dry work environment, allowing the brickworks cover and the roof tilting to
complete the critical path [11] (Fig. 4 and Tables 1 and 2).

3.1.1 Application of Light Steel Frame in the Construction

See Table 3.
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Fig. 4 Sectional perspective of light steel frame

Table 1 Light steel framing features

Floor depth – 250 to 300 mm joists made of light steel
– Lattice joists, 350 to 500 mm

Span The distance between load-bearing walls should be between 3 and 6 m

Weight 0.6 to 1.0 kN/m2

Height suitability 2 to 6 storeys

Fire resistance 30 to 60 min for the outer layer of
plasterboard

Other features – Multiple layers of facing board serve as acoustic insulation
– External walls are braced for stability

Table 2 There are three basic forms of light steel construction

Type 1 Components are made of light steel and assembled on-site

Type 2 Panels or sub-frames that are prefabricated in a factory and assembled on site to form a
complete building structure

Type 3 In the factory, volumetric production of the entire room with internal finishes and
services
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Table 3 LSF application

Author Description Finding

Salman Mashhadifarahani
(2015)

Light steel frames (LSF) have a
significant advantage over other
structures due to the benefits of
higher factory production
quality and a more simple,
more reliable, much more
consolidated, and rapid
connection system [10]

Due to the light weight of
LSF structures, lateral loads
applied to them have a
negligible effect, preventing
future problems [10]

Amarildo V. Moreira, JR.
(2015)

Different methods can have a
variety of effects on the
construction process, including
the length of time it takes to
complete, the final cost, and the
building’s quality [14]

Light Steel Framing is a
technique for supporting the
building’s floors, roof, and
walls with a “skeleton frame”
of vertical steel columns and
horizontal I-beams arranged
in a rectangular grid. It is a
method of constructing
quickly while also preserving
a clean construction
environment and minimising
waste materials, all of which
have a direct effect on the
final budget [14]

Wenwei Yang, Qili Yang
(2017)

In comparison to a traditional
brick structure, the light steel
structure makes extensive use
of lightweight steel as the
primary bearing component,
resulting in a significantly
lighter structure [16]

The light steel structure’s
strength and seismic
performance are superior to
that of traditional brick
structures because steel’s
strength and stiffness are
greater than those of
traditional brick structures
[16]

R. M. Lawson, S. O. Popo-Ola,
A. Way, T. Heatley, R.
Pedreschi (2010)

Additionally, these building
components offer the following
advantages: reduced weight
with high mechanical strength;
large-scale prefabrication of
substructures and subsequent
site assembly, allowing for
faster assembly; increased
quality control; no dimensional
variations due to moisture;
architectural flexibility; and
low cost [7]

The advantages of light steel
framing include the reduced
time required for on-site
construction due to the
prefabrication of wall panels
and their ease of assembly.
This creates a dry working
environment for the
subsequent trades, allowing
for the completion of the
brickwork cladding and roof
tiling off the critical path [7]

(continued)
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Table 3 (continued)

Author Description Finding

Cláudio Martins, Paulo Santos,
Luís Simões da Silva (2014)

The advantages of light steel
framing include on-site
construction speed, which is
achieved through the
prefabrication of wall panels
and their simple assembly [17]

The primary advantages and
disadvantages of the LSF
construction system were
reviewed, with a strong
emphasis on sustainability.
These specifications are
critical during the design
stage to minimise operational
energy consumption,
increase energy efficiency,
and achieve the sustainability
label

3.2 High Strength Steel

The advantages of high-strength steel structures are mechanical performance, cost,
and sustainability. Steels with a nominal capacity of 460 MPa or more are classified
as steels of the highest strength. Strength, solderability and adequately ductility
required for the traditional plastic designs or performance-based designs in civil
engineering application. The proper application of HSSs in structural engineering
benefits mechanical performance, cost and long-term viability. High-strength steels
have several advantages, including increased safety due to higher strength in the
elastic state, better economy due to smaller member sizes and structural weights, as
well as the correspondingweldingwork, and, most importantly, more environmental,
and ecological friendliness due to the use of fewer steels, welding, and coating
materials. [13]

3.2.1 Application of High Strength Steel in the Construction

See Table 4.

4 Factors Affecting Steel Framework

4.1 Steel Framework Durability and Resistance

The design of new and existing structures for long-term durability is critical for the
built environment’s long-term development. The steel framework is used in a variety
of ways in the construction industry. Steel is a combination of carbon and iron in
which the most universally useful and versatile structural building material currently
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Table 4 HSS application

Author Description Finding

Huiyong Ban, Gan Shi
(2017)

High-strength steel (HSS)
structures offer numerous
advantages in terms of
mechanical performance,
economy, and sustainability [18]

With appropriate design
considerations, the use of HSSs
in frame structures may
significantly improve their
loading capacities, and their
ductility and energy dissipation
capacity may also be acceptable
for seismic design requirements
[18]

Fu Lei et al (2018) High strength steel is a steel that
has a good balance of strength
and tenacity, which also means
that it is a low-alloy steel that has
good overall mechanical
properties after tempering [12]

The widespread use of Grade
Q345 high performance steel in
high-rise buildings, combined
with the success of Grade Q460
high strength and performance
steel, has demonstrated to the
entire steel structure industry the
superiority and potential of high
strength and performance steel
[12]

Huiyong Ban, Mark A
Bradford (2013)

Because the majority of the steel
segment is tensile when HS steel
is used on composite beams, the
potential benefits of the high
strength of those steel beams can
be maximised. The compressive
region can buckle and the
strength is determined primarily
by the steel elastic modulus when
using pure steel beams that are
bent [26]

HS steel is used in place of
low-strength steel. Mild steel can
be used to reduce member size,
resulting in a structure with a
lower self-weight and thus
smaller foundations; it can also
be used to reduce welding and
coating materials, lowering
construction costs; and it can be
used to reduce the structure’s
weight, resulting in smaller
foundations. resulting in more
environmentally friendly design
[26]

in use and well-known for providing a structure that no other material can match.
Steel possesses a strength and durability unmatched by wood or concrete. Steel is
a malleable, weldable, and ductile metal. Steel possesses exceptional tensile and
compressive strengths, as well as the ability to withstand wear and tear [8].

Modular Steel Building connections are structurally significant because they
significantly impact structural stability and durability. The proposed connection is
horizontally and vertically separated. The vertical connection is formed by partially
welding the lower and upper modular columns. The horizontal connection is formed
by field-bolting the shop-welded angles to the floor beams [12].
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4.2 Degradation of Steel Frame

In response to the classification of corrosivity according to standards, an application
of degradation models was developed [23]. The models were developed for a variety
of materials, taking into account the effects of four environmental variables: wetness
time, sulphur dioxide, salinity, and temperature. The degradation model takes the
following shape (Table 5):

y = A · t B
(
T OW

C

)D

·
(
1+ SO2

E

)F(
1+ Cl

G

)H

eJ (T+T0)

y = corrosion loss (µm); t = exposure time (years); TOW = time-of-wetness
(h/year); SO2 = sulfur dioxide concentration (µg/m3); Cl is chloride deposition
rate (mg/m2/day); T = air temperature (°C); A, B, C, D, E, F, G, H, J, and T0 =
empirical coefficients.

Figure 5 depicts the degradation curves for zinc and carbon steel for the selected
model (Table 3). Environmental variables have been analysed using values corre-
sponding to the EN 12,500 corrosiveness classes (2000)—Corrosion protection for
metallic materials. Probability of corrosion in an atmospheric environment- Corro-
sivity classification, determination, and estimation of atmospheric environments.

Table 5 Results based on the calculation from the formula

Material Equation coefficients

A B C D E F G H I J

Carbon steel 13.4 0.98 3800 0.46 25 0.62 50 0.34 0.016 20

Zinc 0.16 0.36 3800 0.24 25 0.82 50 0.44 0.05 20

Source Dean and Reiser (2002)

Fig. 5 Zinc thickness loss as a function of time (a) and carbon steel (b) with varying degrees of
corrosiveness classes (c), according to selected degradation models
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4.3 High Steel Frame Fire Resistance

In higher elevation buildings, steel structures have been used extensively due to their
strength and seismic performance in ambient design. In contrast, at high temperatures
steel material characteristics deteriorate significantly. Framed structures must main-
tain stability for a specified period in order to guarantee safety of occupants during an
accidental fire [29]. HSS is a newly developed class of structural steel that combines
high strength, ductility, toughness and superior performance (efficiency greater than
460 N/mm2). It is produced by micro alloys and mechanically controlled thermal
rolling (TMCR) [28]. Many studies on the effects of fire on the steel frame were
conducted (Table 6).

YiwenWu et al. developed a technique for determining the mechanical properties
of materials at elevated temperatures by employing a constant material, Q550 HSS.
Static tests (loading at a constant temperature) are used in which the temperature is
maintained throughout the test and the load is increased at a constant rate until the
specimen is damaged.

Table 6 HSS fire resistance

Author Studies

Bailey et al. (1996) The effects of fire spread on the behaviour of
two-dimensional frames were investigated, and it was
discovered that progressive fire spread increased the
residual displacements of beams when compared to
simultaneous burning across the same range of
compartments [30]

Röben et al. (2015) the behaviour of a multi-story composite frame when it is
exposed to avertically propagating fire between three
floors. It was demonstrated that the inter-floor time delay
had a significant effect on the global behaviour, and that
the axial forces generated by thermal expansion in
individual floors may induce cyclic loading on the
column, which is not normally considered in structural
fire design but may be critical in determining structural
behaviour [31]

Rackauskaite and El-Rimawi (2015) the behaviour of a three-story, three-bay symmetrical
steel frame when subjected to six distinct localised fire
scenarios. It was demonstrated thatfire compartmentation
was necessary in unprotected steel structures not only to
ensure people’s safety during a fire, but also to improve a
building’s ability to achieve longer fire survival times [33]

Rezvani et al. (2016) The structural response of a seismically designed steel
moment-resisting frame subjected to travelling fire was
investigated, and the analysis revealed that the size of the
fire had a significant effect on the total collapse time of
the frame [34]
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Fig. 6 Curves of
stress–strain for Q550 HSS
at various temperatures each
colour represent the tested
temperature

As illustrated in Fig. 5, the elevated temperature steady test can be used to deter-
mine the stress–strain curves of Q550 HSS at various temperatures. From Fig. 5, the
following conclusions can be drawn.When the temperature is lower than 450 degrees
Celsius, the difference in mechanical properties is negligible, and ductility is excel-
lent. When the temperature of Q550 HSS is increased to 500 degrees Celsius, the
yield strength, ultimate tensile strength, and ultimate tensile strain all decrease signifi-
cantly, indicating that themechanical properties degrade abruptly at this temperature.
When heated above 500 degrees Celsius, HSS’s mechanical properties and ductility
rapidly deteriorate (Fig. 6).

5 Conclusion

The structure is a critical element in developing the modular house module, first
and foremost as a support system for the modular house module. When the module
house is connected to the main mother structure, the main structure system acts as
a skeleton, securing the module house in place. Additionally, research is conducted
to ascertain the appropriate steel structure specifications for use in the construction
of the housing modular modules. The chosen steel, which is a light steel frame, has
numerous advantages in the construction industry, including cost savings and compat-
ibilitywithmodular structures. The light steel frame can also be used for themodules’
components due to its light weight and ease of transportation, as well as for assem-
bling the modules’ components during construction. Thus, productivity and time
management are enhanced, which contributes to the modular construction’s overall
efficiency. The more efficient the module is constructed, the more benefits the public
will gain from housing development. Following that, the use of high-strength steel as
the primary core structure system results in increased safety due to increased elastic
strength, increased economy due to smaller member sizes and structural weights,
and other benefits for vertical modular module house construction. The central core
component will serve as the mother structure for all housing modules that will be
connected to it. The core structurewill remain in place to support any housingmodule
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system developed for attachment to the mother core structure. HSS offers numerous
advantages, as the frame structures may significantly improve loading capacities.
The ductility and energy dissipation capacity may also meet seismic design require-
ments with appropriate design considerations and the fire resistance. The greater the
structure selected, the more secure and efficient the structure will be.

Acknowledgements The authorswould like to thankArchitecture Programme, School ofHousing,
Building and Planning, Universiti Sains Malaysia for the financial support through fulfilment of
dissertation submission.

References

1. Construction Industry Development Board (1992) Raising Singapore’s construction retrieved
January 2018. https://www.bca.gov.sg/publications/BuildabilitySeries/others/rscp_intr2.PDF

2. Aziz S, Abdullah MR (2015) Modular construction system in Malaysia: issues for research in
sustaining an affordable home project

3. AzmanM,AhamadM,WanHussinW(2012)Comparative studyonprefabrication construction
process. Int Survey Res J 45–58. http://www.rism.org.my/ISMDoc/ISrJ/Vol-2.1/Full-2.1.pdf#
page=45

4. Lacey AW, Chen W, Hao H, Bi K (2018) Structural response of modular buildings—an
overview. J Build Eng 16:45–56. https://doi.org/10.1016/j.jobe.2017.12.008

5. Lawson P, ByfieldM, Popo-Ola S,Grubb P (2008) Robustness of light steel frames andmodular
construction. Proc Inst Civ Eng Struct Build 161(1):3–16

6. Annan CD, Youssef MA, El-Naggar MH (2009) Effect of directlywelded stringer-to-beam
connections on the analysis and design of modular steel building floors. Adv Struct Eng
12(3):373–383

7. Lawson RM, Popo-Ola SO, Way A, Heatley T, Pedreschi R (2010) Durability of light steel
framing in residential applications. Proc Inst Civil Eng—ConstrMater 163(2):109–121. https://
doi.org/10.1680/coma.2010.163.2.109

8. Sharma V, Kumar R, Singh H, Ahmad W, Pratap Y (2017) A review study on uses of steel in
construction. Int Res J Eng Technol (IRJET) 4(4)

9. Saba D (2013) Investigating the durability of structures (Unpublished doctoral dissertation,
2013). McGill University, Montréal

10. Mashhadifarahani S (2015) Light weight steel frames versus Common building structures—
structural performance evaluation. Am Sci Res J Eng Technol Sci 12, 1st ser., 222–229

11. Lawson RM, Ogden RG, Rackham JW (2004) Light steel framing. In: Steel in multi-storey
residential buildings. Steel Construction Institute, Ascot, p 36

12. Fu L, Xu G, Yan Y, Yang J, Xie J (2018) The application and research progress of high strength
and high-performance steel in building structure. IOP Conf Series: Mater Sci Eng 392:022008.
https://doi.org/10.1088/1757-899x/392/2/02200

13. Coelho AM, Bijlaard F (2010) High strength steel in buildings and civil engineering structures:
design of connections. Adv Struct Eng 13(3):413–429. https://doi.org/10.1260/1369-4332.13.
3.413

14. Moreira VA (2015) Design analysis of structures for residential light steel framing systems.
Int J Eng Res Technol (IJERT) 4(08). ISSN: 2278-0181

15. Generalova E, Generalov V, Kuznetsova A (2016) Modular buildings in modern construction.
Proc Eng 153:167–172. https://doi.org/10.1016/j.proeng.2016.08.098

16. YangW, YangQ (2017) Study on the dynamic characteristics of light steel residential structural
system. Engineering 09(06):591–598. https://doi.org/10.4236/eng.2017.96037

https://www.bca.gov.sg/publications/BuildabilitySeries/others/rscp_intr2.PDF
http://www.rism.org.my/ISMDoc/ISrJ/Vol-2.1/Full-2.1.pdf%23page%3D45
https://doi.org/10.1016/j.jobe.2017.12.008
https://doi.org/10.1680/coma.2010.163.2.109
https://doi.org/10.1088/1757-899x/392/2/02200
https://doi.org/10.1260/1369-4332.13.3.413
https://doi.org/10.1016/j.proeng.2016.08.098
https://doi.org/10.4236/eng.2017.96037


Application of Steel Framework for Multi-storey … 121

17. Santos P, Martins C, Simões da Silva L (2014) Thermal performance of lightweight steel-
framed construction systems. Metallurg Res Technol 111(6):329–338. https://doi.org/10.1051/
metal/2014035

18. Ban H, Shi G (2017) A review of research on high-strength steel structures. Proc Inst Civ Eng.
https://doi.org/10.1680/jstbu.16.00197

20. Raoul J, Günther HP (2005) Use and application of high-performance steels for steel structures.
IABSEAIPC-IVBH, Zürich, Switzerland

21. Li G, Wang Y, Chen S (2015) The art of application of high- strength steel structures for
buildings in seismic zones. 11(4), 492–506. https://doi.org/10.18057/ijasc.2015.11.4.6

22. Annan CD, Youssef MA, El Naggar MH (2009) Seismic vulnerability assessment of modular
steel buildings. J Earthq Eng 13(8):1065–1088

23. LucreziaC, Portioli F, LandolfoR (2007)Durability design ofmetal structures based on lifetime
safety factor method. In: Portugal SB 2007—sustainable construction, materials and practices:
challenge of the industry for the New Millennium, pp 522–529

24. Klinesmith DE, McCuen R, Albrecht P (2007) Effect of environmental condition on corrosion
rate. J Mater Civil Eng

25. Dean S, Reiser DB (2002) Analysis of long term atmospheric corrosion results from ISO
CORRAG Program. ASTM, West Conshohocken

26. Hou YY, Zhang L (2004) Light steel residential structural system and its application. Shanxi
Arch 30:29–30

27. Ban H, Bradford M (2013) Ductility of composite beams constructed with high-strength steel
sections

28. Boafo F, Kim J, Kim J (2016) Performance of modular prefabricated architecture: case study-
based review and future pathways. Sustainability 8(6):558. https://doi.org/10.3390/su8060558

29. WuY, Fan S, He B, Li C, Zhou H (2021) Experimental study and numerical simulation analysis
of the fire resistance of high-strength steel columns with rectangular sections under axial
compression. Fire Saf J 121:103266. https://doi.org/10.1016/j.firesaf.2020.103266

30. Ren, W. (2020). Behaviour of steel frames exposed to different fire spread scenarios. Int J Steel
Struct 20(2):636–654. https://doi.org/10.1007/s13296-020-00311-x

31. Bailey CG, Burgess IW, Plank RJ (1996) Analyses of the effects of cooling and fire spread on
steel-framed buildings. Fire Saf J 26(4):273–293

32. Röben C, Gillie M, Torero J (2010) Structural behaviour during vertically travelling fires. J
Constr Steel Res 66(2):191–197

33. Rackauskaite E, El-Rimawi J (2015)A study on the effect of compartment fires on the behaviour
of multi-storey steel framed structures. Fire Technol 51(4):867–886

34. Rezvani FH, Behnam B, Ronagh HR et al (2016) Robustness assessment of a generic steel
fire-protectedmoment-resisting frame under travelling fire. Eur J Environ Civ Eng 22(1):64–81

https://doi.org/10.1051/metal/2014035
https://doi.org/10.1680/jstbu.16.00197
https://doi.org/10.18057/ijasc.2015.11.4.6
https://doi.org/10.3390/su8060558
https://doi.org/10.1016/j.firesaf.2020.103266
https://doi.org/10.1007/s13296-020-00311-x


A Sustainable Facade Treatment
Through Self Cleaning Coating Agents:
A Review

Mohamed Farhan Mohamed Noor and Mohd Hafizal Mohd Isa

Abstract Building façades play an essential role in building aesthetics and in
shielding the structural system and contents from defects and deterioration due
to exposure to a climate such as air pollution: The impact of air pollution on
building facades can be defined as “discolouration, material degradation, and struc-
tural collapse.” Abrasion, deposition and removal, direct chemical attack, indirect
chemical attack, and decay are ways atmospheric contaminants deteriorate. This
paper aims to investigate the type of coatings through self-cleaning agents for various
types of building materials on building façades. Application of self-cleaning mate-
rial, rather than repainting the entire building elevation, is becomingmore practical to
preserve clean facades for more extended periods. In particular, their presence elim-
inates indirect costs associated with repair activities over the house’s life, providing
quick and cost-effective access to the envelope surfaces. Furthermore, their exis-
tence reduces indirect costs related with maintenance operations throughout the life
of the building by allowing for fast and cost-effective access to the exterior surfaces
throughout construction.

Keywords Façade material · Deterioration · Cleaning process · Self-cleaning
material · Façade treatment

1 Introduction

Façades; the first aesthetical feature of a building that distinguishes one building
from another, have to fulfil the fundamental aspects like defence against fire and
burglary, climatic impact, and environmental pollution. The development of facades
has made it more practical, providing designers with the ability to produce high-
performance solutions, which are visually pleasing and exciting for both internal and
external and It is necessary to keep facade materials in a generally clean condition
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throughout time in order to ensure that the proper functioning of the envelope compo-
nents is preserved [1]. Research shows that high density architecture has attracted
a lot of attention regarding the effect of outdoor pollutants and globally especially
in big cities. Moreover, having bad air quality is one of the most significant factors
contributing to deterioration of building façades in most high-density urban contexts.
A viable alternative for mitigating the effect of this deterioration is to incorporate a
self-cleaning substance into the paints used on the facades of the particular contam-
inated buildings. Cleaning processes in these situations will be greatly simplified
by the use of effective self-cleaning coatings, which are designed to take advantage
of the combination chemical-physical behaviour of treated surfaces [2–6]. Rather
than repainting the whole building repeatedly, it is becoming more practical to use
self-cleaning materials to maintain cleaner facades over a more extended period
[7]. Self-treatment coatings are increasingly becoming an integral part of the global
strategy for bacterial pathogen protection. This paper would discuss the applica-
tion of coatings to the self-cleaning treatment of building façades. Examining the
latest generation of release-based coatings, emphasising the threats and uncertain-
ties they create. Recent methods for controlling self-treatment and release of façade
materials, imparting multi-functionality, and enhancing the long-term durability of
building materials/façade finishes are illuminated in particular (Fig. 1).

A case study was conducted on the facades of many buildings in Cairo, Egypt and
Beirut, Lebanon to examine the outer characteristics of the buildings. The facades of
the buildings show trace of pollution andmarks of stain. These instances are prevalent
in a large number of buildings in these areas. Due to their flexibility on the substrate
and the ability to preserve the original aesthetical look of such buildings with almost
no effort and meagre cost, self-cleaning materials have found wide acceptance in
building, especially for building preservation [8].

Another example is Talaat Harb Square, Cairo’s central squares downtown. Due
to air pollutants and pollen, Egypt faces significant façades destruction. The surface
would be clean as the coating decomposes the chemical compounds on the surface. A
component of the inorganic pollutants can remain on the surface after the molecules
decompose, easily washed down by rain or other cleaning methods [9]. This square
is considered an important and historic downtown centre of Cairo, with distinctive

Fig. 1 Example of exterior stained façade in Cairo, Egypt
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Fig. 2 Example of an exterior limestone cladding coated with a self-cleaning coating that resists
algae growth (c) and (d) [9]

architecture surrounding and identifying its central position. Trying to fix the issue of
erosion, the Egyptian government paints façades every few years. The government’s
primary goal is to retain a better urban look for this critical square. Unfortunately, it
returns after a short period. Figure 2 shows the same buildings in 2007 to 2015. There-
fore, self-cleaning agents is one of the key solutions in reducing cost for building
maintenance as well as to preserve the building facades especially for fragile and
exquisite building materials and features.

2 Types of Coatings

2.1 Paint

Paints servingdefensive or decorative functions and their need for our goods aswell as
buildings remain as critical as in the past. Developing waterborne structures focused
on polymer dispersions practically revolutionised traditional internal and external
used paints. It’s no surprise that there’s much interest in nanostructured paints with
suspended nanoparticles or nanotubes that are applied as liquids and then hardened
on the materials’ surface [10]. Today, nano paints come in many forms and have been
developed with many different needs in mind. Typical objectives include improved
scratch and abrasion resistance, hardness, glossiness, and colour steadfastness.

However, as shown in Fig. 3, finishes are frequently low-quality finishes, resulting
in unplanned maintenance and extra costs. The new regulatory and scientific study
focused onmetal surfaces. Studying the regularities of structure-forming and coating
properties on porous substrates, and developing guidelines to improve quality, would
enhance the quality of protective and decorative coatings and ensure maintenance-
free life. Coatings used for building facades, performing aesthetic preventive roles
should have a high-quality look, i.e. should be defect-free (inclusions, stains, shark-
skin, strokes and scratches, waviness). Passive coatings can detect bacteria from
adhering to surfaces and destroy bacteria as they contact them. Surface roughness,
wettability, and conductivity are both physical and chemical properties of the coating
that have a significant impact on bacterial activity [11].
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Fig. 3 Example powder
coating for metallic trends
for façade

2.1.1 Example of Paints Products

(i) Epoxy paints

Much of epoxy paints are operating as the two-component framework (2K) and used
for many applications, much of it for painting; concrete, steel frame, and wooden
grounds as a primer and finish often coating metal surfaces, fuel pipes and tanks.
One of the important coating missions is coating pipelines and tanks for water and
gasoline.

(ii) Polyurethane paints

As epoxy, its function relies typically on the 2K system with high wash-ability
weathering and chemical resistance, making it ideal for applying steel, wooden,
and concrete surfaces. As currently described, polyurethane is graded based on
the polyol used in its manufacture, which impacts the properties of PU. Still, it is
commonlyknown for its abrasion resistance, durability, strength, chemical resistance,
and weather resistance [12].

(iii) Aluminium Paints

It’s ametallic paint used for defence purposes, the basematerial in aluminium paint is
aluminium powder. Aluminium paint is used to coat woodwork and metal surfaces.
This paint is recommended for its weather resistance and water resistance. It is
extremely heat resistant as well as corrosive resistant. it relies on aluminium paste
as a pigment, which makes it corrosion resistance

(iv) Varnish

It’s a colourless paint used for protection and disappearing the primed surface under-
neath it and often has a yellowish tint. Historically, natural resin solutions, which
are secretions of plants, were used to create the first varnishes. It has been stated
that the amines occurring in the structure of solvent-based varnishes become yellow
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over time due to the effects of oxidation; however, these substances that produce
yellowing have not been used in the manufacturing process of water-based varnishes
[13]. Varnishes are used to preserve wooden surfaces, paintings, and a variety of
other ornamental items from the elements. Varnish preserves and improves the look
of hardwood floors as well as wood panelling and trim in the interior of buildings and
furniture. It was found that there is a significant connection between overall change
in wood colour and resistant characteristics after thermal treatment [14].

2.2 Self Repelling Paints/Coatings

Nanotechnology is a relatively new field in materials science, though it has grown
significantly in nature, it is concerned with the boundary between atoms and
molecules and the macro universe, where the properties are essentially determined
by the fundamental behaviour of atoms [15]. If nanotechnology can be implemented
creatively, it resulted in drastic increase in material efficiency and new technolo-
gies in the building industry. According to modern research, the lotus leaf utilises
nanotechnology to produce a self-cleaning, non-wetting, super-water-repellent, or
superhydrophobic [16, 17] (Fig. 4).

The lotus leaf’s self-cleaning potential is its unique surface structure. A lotus
leaf’s nanostructure consists of different cone-like protrusions [11, 19–21]. As a
result, the lotus leaf powerfully repels water that brings soil off the leaf, enabling the
lotus to stay clean despite rising in turbid water [22]. This is commonly recognised as
“lotus impact,” mimicking various substrates utilising certain newly created coating
materials (Fig. 5).

Fig. 4 Water drops suspended on nanostructured lotus leaf [18]
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Fig. 5 Comparison of
conventional and nano lotus
leaf bio mimicked coating
(adapted from European
Consumers Choice 2017)

2.3 Photocatalyst Coating

Photocatalysts are materials that, under sunlight, it decomposes hazardous
compounds such as titanium oxide (TiO2). It is mainly used as a photocatalyst.
TiO2 stage anatase has the most significant photocatalytic effect among polymorphs.
Photocatalytic coatings, using a coating that produces reactive radical species with
a solid antimicrobial range, give an alternate way of surface disinfection [23].

Conventionally, in the end of the façade assembly process or on present façade
surfaces, photocatalytic coatings in anti-bacterial coating (paints, plasters or spray-
clear coatings) demonstrated suitable air purification and quick durability [24–27].
One of the most successful photocatalytic approach used to treat various organic
oxide compounds, including dyes and phenol. According to [28] (2009), these reac-
tive organisms behave as antimicrobial surfaces: these compounds are generally
known as light-activated antimicrobials (LAAAs). The oxidation of organic mate-
rials involves complex processes depending on radical hydroxyl details, based on
the photodegradation mechanism of organic compounds using TiO2. This carries
generate free hydroxyl radicals that may interact with organic compounds in
secondary reactions (Fig. 6).

2.4 Anti Bacterial Coating

Antimicrobial coatings utilise chemicals to hinder pathogengrowthby cellmembrane
perturbation. In layman’s terms, an antimicrobial coating is a surface application
of a chemical agent that can prevent bacterial infection micro-organisms. Besides
increasing surface durability, appearance, corrosion resistance, etc., these coat-
ings often guard against harmful disease-causing microbes. There are several ways
to strengthen anti-bacterial and antimicrobial surfaces using nano products. One
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Fig. 6 The basics of how photocatalysis surfaces execute [29]

approach uses copper or silver nanoparticles trapped in another matrix, such as coat-
ings on certain raw materials or directly integrated into bare material surfaces. This
technique takes advantage of copper’s antimicrobial properties long-established, but
this has been significantly improved, thanks to the far wider surface area of nanopar-
ticles. The upper layer achieves hydrophobic function, significantly reducing surface
tension and molecular attraction. The lower layer ensures the surface coating speed.
It cannot reverse this layer. Once added into cracks, it cannot be extracted. Unlike
standard coating schemes, Nano-based anti-graffiti coatings are permanent and stay
in effect long after removing writing from walls.

3 Analytical Study to Distinguishing the Application
of Nano-coating for Building Components

(i) Floor

It may be used as floor finishing material to manufacture water-repellent flooring for
improved service life.Water involves certain flooringmaterials’ corrosion processes.
Water repellence reduces water infiltration into flooring materials and thereby
increases floor system life span with higher durability.

(ii) Wall Concrete Brick

Nano lotus leaf biomimicked coating may be added to the exterior walls or façades
of buildings, minimising humidity due to water sorption and obtaining a dust-free,
self-cleaning wall surface.
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Fig. 7 The most relevant metrics and sustainability requirements arising from the use of nano
coatings in architectural facades in line with the comparative empirical analysis

(iii) Glass

Water droplets roll off quickly with soil, and nano lotus leaf biomimicked coating
would not absorb dust due to its strong water repellence. Buildings painted with a bio
mimicked nano lotus leaf coating substance can self-clean through rain and remain
dry due to the lotus effect. As water droplets slip down, they hold the dust particles
as they do on the wall, keeping the windows self-cleaned.

(iv) Drainage System

This one-of-a-kind coating often resists the building surface development of fungus,
mildew, and algae. It may be added from outside windows for self-cleaning. Nano
lotus leaf bio mimicked coating may be added as a water-repelling coating on pave-
ments for fast drainage, enabling them to dry quickly throughout the rainy season,
thereby contributing to safe driving and increased durability.

(v) Pavement

For similar purposes, it may also be used for safe walking on the sidewalk; but, it
must be assured that the friction property of the concrete surface is not compromised
by the presence of bio mimicked nano-lotus leaf coating. Nano lotus bio mimicked
coating may be used on the building’s roof to accelerate the drainage of snow-melt
water or rainwater, thereby reducing algae or bacterial growth and thereby (Figs. 7;
Table 1).

4 Conclusion

In the standards and benchmarks of the sustainability of architectural facades, there
have a few points that can be focused on these issues:-

• self-cleaning coatings represent a durable coating over the existence of the
structure, minimize maintenance costs and prolong building lifespan.

• The self-cleaning coating often represents the interior air quality and allows for
unrestricted design versatility.

• Easy-to-clean coatings increase the reliability of coating materials’ performance
and service of the building.
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• Application onNanopaint coatings could provide a long-termanti-graffiti solution
for a building within this uses of Nano paint coatings improve the quality of life
and could act as a more sustainable building materials which can work in different
climatic conditions and weather.

Table 1 Analytical study distinguishing the application of various nano paint coatings used in the
architecture façade to make them sustainable

Properties • Anti Bacterial Coating
To incorporate copper or silver nanoparticles onto another material, such as
coatings in various necessary materials or directly mixed with surfaces of
essential material. Such a strategy favours bacteria but has already been
documented
• Self Repelling Paints
The lotus surface produced from the nanotechnology sector is a hydrophobic
surface that works on removing and separating water from surface areas
• Photocatalysis
Hydrophilic surfaces working on destroying particles of dust and dirt and
making them loose on surfaces [27]

Advantages • Anti-bacterial coating
Since ions prevent cell division, weaken cell membranes and walls, and contain
the transference of enzymes from the feeding substrate, bacteria have a slight
possibility of surviving. Hence, by utilising this process, bacterial elimination
can be achieved indefinitely without chemical materials. Silver nanoparticles
minimise the need for chemical detergents and the amount of time it takes to
scrub [12]
• Self Repelling Paints
The use of the Lotus Effect remains for a long time, as facades are still practical
after five years. Cleanly and a drop in maintenance requirements, the merits of
these surfaces are mainly reflected
• Photocatalysis
In coating, organic contamination on the surface is decomposed, making the
surface clean. Once the particles decompose, a portion of inorganic pollutants
may be quickly cleaned off the ground using rain or washing methods

Disadvantages • Anti-bacterial coating
There are many defined favourites of types, concentrations and shapes, as well
as the distribution of the volume of nanoparticles to microbes for high potency;
it is nevertheless important to note that all microbes with similar composition
are not affected; more studies on the types of microbe activities that can breathe
are required
• Self Repelling Paints
Limited drops of water nearly often result in the formation of water droplets in
the formation of drywalls or areas, leaving the surface dusty rather than clean.
The composition of these materials cannot survive solid mechanical corrosion
• Photocatalysis
Self-cleaning surfaces by photocatalysis usually are more efficient in the open
air than in enclosed spaces if the required requirements are met, including
ultraviolet light, oxygen, and air humidity. It is suggested that it be used only on
the building’s exterior facades and not inside

(continued)
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Table 1 (continued)

Usage • Anti-bacterial
Support maintenance strategies related to healthcare situations. It is using silver
nanoparticle technology in buildings that are exposed to microbes and fungi
regularly
• Self Repelling Paints
To make the most use of self-cleaning facades, thus reducing maintenance costs.
Also, coating roof tiles in a house that is only washed regularly [30]
• Photocatalysis
Coating granite and marble walls to prevent the adhesion of dust and dirt
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Investigation of Direct Sunlight
in Existing Classroom Design
in Indonesia: Case Study
of Lhokseumawe

Atthaillah, Rizki A. Mangkuto, and Mochamad Donny Koerniawan

Abstract Investigations of direct sunlight inside school classrooms in Indonesia
are currently missing. This study therefore investigates the availability of direct
sunlight inside several state elementary school classrooms in Banda Sakti region
of Lhokseumawe, Indonesia. Daylight in the location is abundantly available, thus,
there is a risk of excessive daylight inside the classroom that may disrupt the student
performance. A computational simulation was carried out to assess direct sunlight
availability inside the space by utilizing the annual sunlight exposure (ASE1000,250)
metric. Results show that 43.42% of the observed school classrooms suffer from
excessive direct sunlight inside the classroom. Two orientation groups (F and I)
were examined to evaluate the sensitivity of input variables within this study. It is
found that corridor shading depth, corridor shading elevation, and window-to-wall
ratio (WWR) have moderate influence on the sunlight availability inside the existing
classrooms in Lhokseumawe.
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1 Introduction

Daylighting is a significant indicator for a good performance design in a building
in terms of energy-saving [1–3] and user performance [4–7]. However, daylighting
also has its disadvantages, particularly when the quantity is too little or too much.
Therefore, good daylighting management is required to obtain its optimum benefit,
particularly in the tropical region where daylighting is abundantly available, such as
Lhokseumawe, Indonesia. Lhokseumawe is one of the Indonesian coastal-tropical
cities which is located slightly at the north of equator (5o10′0′′ N, 97o8′0′′ E, 2 ~
24 m above sea level). In such locations, the risk of excessive daylight inside a space
can be disrupting for the users, particularly for sensitive users such as elementary
school children.

There is no proper regulation for good daylighting design for school classrooms
in Indonesia. Most of the school classroom designs are based on the Decree of the
Ministry of Education, which focus only on the physical features of the classrooms
[8]. The only daylighting design criteria still in use is a static metric of daylight
factor (DF) [9]. However, the DF is insensitive to geographical locations, and cannot
represent the annual and direct sunlight contribution inside a space. Therefore, this
study proposes an annual daylight metric, which is called annual sunlight exposure
(ASE), that can be used as a criterion to assess the availability of direct sunlight
inside school classrooms.

This research therefore aims to investigate the contribution of the direct sunlight
inside existing elementary school classrooms in Banda Sakti region of Lhokseu-
mawe, Indonesia. The most sensitive design variables that influence the availability
of sunlight inside the school classrooms are observed. The finding from this research
is beneficial for the design of elementary classrooms with similar characteristics
elsewhere in the tropical region, to avoid excessive direct sunlight exposure.

2 Methods

This research employed a computational method for the simulation purpose using
the Ladybug tool (LB) to investigate annual direct sunlight contributions inside the
existing classroom design. The classrooms were obtained from 22 state elementary
schools (SDN), consist of 256 classrooms, in the Banda Sakti region of Lhokseu-
mawe, Indonesia. To obtain the data, a physical measurement was conducted. The
data consisted of sizes for the room, shading, distance to an adjacent building, corri-
dors, glazing, opening position, and elevation. Those data aremainly collected for the
digital modelling of the existing classroom design. Figure 1 depicts some examples
of the digital representation for the school objects.

From the physical data measurement, some input variables considered influen-
tial to the daylight distribution inside the classroom were identified. Those variables
were window elevation (X1), window to wall ratio (WWR, X2), distance to adjacent
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Fig. 1 Digital modeling samples of existing schools being surveyed, perspective views (top row)
and top views (bottom row). The objects were SDN 8, 9 and 10 Banda Sakti, Lhokseumawe (left
to right)

buildings (X3), corridor shading depth (X4), corridor shading elevation (X5), back
shading depth (X6), and back shading elevation (X7). Also, all the school objects were
categorized by their orientations and WWRs which resulted in 76 unique groups of
classrooms. The corridor side was utilized as a reference for the classroom orien-
tation. For instance, if the corridor side of a classroom faces East, it means the
classroom orientation is 0° and so on. Also, it was based on the counter-clockwise
rule for the orientation degrees increment (Fig. 2).

For the digitalmodeling, this studyutilizedRhinoceros (RH) and avisual program-
ming interface called Grasshopper (GH) [10, 11]. All the school classrooms were
modeledwithout thicknesses for theirwalls. Themodelwithout thicknesswas created
since the earlier study had proved a relatively small impact for the result of annual
daylight simulation using climate-based metrics [12]. All the school objects were
modeled in RH and were imported into GH for the simulation purpose.

Fig. 2 Orientation in the
range of 30 degrees span for
each group. The graph shows
a sample classroom
orientated to the 0o

(East/group A)
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Next, once imported to GH, the objects were connected to the LB algorithm
for calculating Annual Sunlight Exposure (ASE1000,250), which is defined as the
percentage of sensors receiving direct sunlight hours inside a space that equal or
exceed 1000 lx for 250 h (nSE1000lx≥250 h) divided by the total number of sensors
(ntotal) annually [13]. Mathematically, ASE1000,250 can be explained in Eq. (1).

ASE1000, 250 = nsE1000lx≥250h

ntotal
× 100% (1)

Based on the document of Leadership in Energy Efficient Design version 4 (LEED
v4), originally the threshold must not exceed 10%, however, in 2017 the threshold
was updated to 20% [14]. However, since the 20% threshold required some more
efforts to improve the performance toward ASE1000,250, the 10% threshold was more
appropriate to be employed for an existing space design as intended within this
study. Furthermore, ASE1000,250 was calculated only the contribution of the direct
sunlight, meaning that it omitted the surface reflection inside the space. In order
to calculate ASE1000,250 accurately, the sun position must be assumed to be in the
reallocation in the sky throughout the year [15]. By using the LB algorithm, the
calculation for such a case was made possible. Firstly, the EnergyPlus (E+) weather
file (.epw) for Lhokseumawe was used and extracted for its direct normal and diffuse
horizontal illuminance data by using the Ladybug_hourly surface solar component.
All data were organized to be employed as the input in Ladybug_SunPath. The
analysis periodwas set for the full year from09:00 to 17:00, assuming 0.6 for the glass
transmittance, while the interior room surfaces were considered black. Simulation
was run using Ladybug_Sunlight Hours Analysis, and the ASE1000,250 was calculated
from the output of the component.

3 Data Analysis

For the data analysis, the 76 school objects were group based on the orientation
ranges. The ranges were label as A to L as explained in Fig. 2. The orientation group
that had more than 10 (ten) school objects was further analysed for its correlation.
From the data, it was obtained that only orientation group C (60° to 90°), F (150° to
180°), and I (240° to 270°) meet the criterion (highlighted in bold-red).

Furthermore, the Spearman Rank (rs) was utilized for the correlation analysis. If
the correlation is more than 0.70 then it had a strong correlation while in the range
of 0.50 to 0.69, it has moderate correlation, otherwise, it was a weak and very weak
category. This category was labelled based on absolute rs (|rs|). From the strong and
moderate correlation criteria, the sensitivity analysis was conducted.

The sensitivity analysis utilizedwas the standardized regression coefficient (SRC).
The SRC can be observed to standardize input (X1–X7) and output (ASE1000,250 = Y )
variables by using amulti-linear regressionmodel. The normalizationwas performed
since the input and output variables vary in their units. Therefore, all variables were
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equallyweighted. The normalized input or outputwas differentiated by adding accent
on input or output variables label (X1’−X7’ and Y’). The SRC value ranges from −
1.0 to 1.0, where−1.0 or 1.0 represent the most sensitive variable, while the negative
and positive signs indicated the trend. A negative SRC value means that the higher
the value of an input, the lower the output value. In addition, SRC in this study was
categorized as low (SRC = ±0.00 to 0.33), moderate (SRC = ±0.34 to 0.66) and
high (SRC = ±0.67 to 1.00).

4 Result

The simulation shows that 33 school objects (43.42%) are above the 10% threshold
(red line in Fig. 3) and 10 objects (7.6%) above the 20% threshold (red dash-line in
Fig. 3). This condition shows that in existing classrooms, some have suffered from
excessive daylight leading to the potential for perceptual discomfort and overheating
during the study time.

Meanwhile, from orientation groupC that consists of 11 objects, 4 exceed the 10%
threshold (red bar in Fig. 4 top graph). In group F, it is shown that the orientation
group which has more problematic classroom objects, 10 out of 15 objects (red bar
in Fig. 4 middle histogram). Lastly, in group I, which consists of 20 objects, only 5
exceed the 10% threshold (Fig. 4, bottom graph). The result from Fig. 4 is further
evaluated for its correlation.

Fig. 3 ASE1000,250 simulation result for all 76 school objects
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Fig. 4 ASE1000,250 result per orientation group that has more than 10 objects at orientation group
C (top), F (middle), and I (bottom)

From the correlation analysis, it is found that there are two variables at orientation
group C that are moderately correlated, which are X1 (glazing elevation) and X2

(WWR) (bold in Table 1). Table 1 reveals that X2 (WWR) has a p-value = 0.12,
which means the correlation is considered insignificant. Similarly, when conducts
for sensitivity analysis themodel suggests statistically insignificantwhich is indicated
by the p-value = 0.21, which is larger than 0.05. Therefore, from this orientation
group, none of the variables being observed is sensitive.
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Table 1 Correlation between input variables (X1−X7) with the output variable (ASE1000,250) at
orientation group C

Variables X1 X2 X3 X4 X5 X6 X7

rs −0.68 0.49 0.35 0.19 −0.42 −0.32 −0.12

N 11.00 11.00 11.00 11.00 11.00 11.00 11.00

T Statistic 2.79 1.71 1.11 0.58 1.39 1.03 0.35

DF 9.00 9.00 9.00 9.00 9.00 9.00 9.00

p-value 0.02 0.12 0.30 0.58 0.20 0.33 0.73

|rs| 0.68 0.49 0.35 0.19 0.42 0.32 0.12

Correlation Moderate Moderate Weak Very Weak Weak Weak Very Weak

At orientation group F, only one strong input correlation is called X4 (corridor
shading depth) and one for moderate which is X3 (distance to adjacent building).
Table 2 shows the rs value for the relevant variables in bold. At this orientation group,
sensitivity analysis is performed for these two input variables, which reveals only
X4 (corridor shading depth) as the moderately influential input variable (Fig. 5, left
histogram), in a negative trend (SRC=−0.64). Itmeans that at this orientation group,
when the corridor shading depth is increased, the ASE1000,250 value is decreased.
Furthermore, at orientation group F,X3 (distance to adjacent building) is not sensitive
for the direct sunlight.

Table 2 Correlation between input variables (X1-X7) with the output variable (ASE1000,250) at
orientation group F

Variables X1 X2 X3 X4 X5 X6 X7

rs −0.07 0.04 −0.61 −0.75 0.08 −0.01 0.13

N 15.00 15.00 15.00 15.00 15.00 15.00 15.00

T Statistic 0.24 0.13 2.77 4.08 0.29 0.04 0.47

DF 13.00 13.00 13.00 13.00 13.00 13.00 13.00

p-value 0.82 0.90 0.02 0.00 0.77 0.97 0.65

|rs| 0.07 0.04 0.61 0.75 0.08 0.01 0.13

Correlation Very
Weak

Very
Weak

Moderate Strong Very
Weak

Very
Weak

Very
Weak

Fig. 5 SRC values for orientation group F (left) and I (right)
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Next, at orientation group I, there is one strong correlated input variable which
is X7 (back shading elevation). Also, within this group, there are two moderately
influential input variables, which areX2 (WWR) andX5 (corridor shading elevation).
Figure 5 (right graph) shows the sensitivity result for orientation group I. Input
variables with moderate correlation are found to also have moderate influence with
positive trends (SRC = 0.48 for X2’ and SRC = 0.47 for X5’).

5 Discussion

Based on existing classrooms for the state elementary schools design in Lhokseu-
mawe, Indonesia, this study has revealed two orientation groups that can be evaluated
in terms of sensitivity regarding direct sunlight inside the classroom. The first orien-
tation group is F, which suggests that the corridor depth shading can be used to
mitigate the excessive sunlight exposure inside the classroom. As explained earlier,
the greater the depth of the corridor shading, the lesser the ASE1000,250 value. At
this orientation group, the windows are located slightly off the West (corridor side
of the classroom) and East (back of the classroom) orientations. The SRC = −0.64
indicates that the influence of the corridor shading depth is moderate with respect to
ASE1000,250.

The second orientation group is I, which indicates that two input variables moder-
ately influence theASE1000,250. Those variables areWWR (SRC= 0.48) and corridor
shading elevation (SRC = 0.47). Meanwhile, back shading elevation is the weakest
sensitive input variable (SRC = 0.29). In this orientation group, both classroom’s
windows are slightly off the North and South orientations. In this group the trend is
positive, which means when the corridor shading elevation andWWR are increased,
the ASE1000,250 is likely to improve as well. Therefore, careful attention is expected
when designingWWR and back shading elevation. In this orientation group, a larger
window design in combination with a higher back shading elevation may contribute
to more excessive direct sunlight inside the classroom (Table 3).

Table 3 Correlation between input variables (X1–X7) with the output variable (ASE1000,250) at
orientation group I

Variables X1 X2 X3 X4 X5 X6 X7

rs −0.05 0.51 −0.29 0.28 0.65 0.12 0.76

N 20.00 20.00 20.00 20.00 20.00 20.00 20.00

T Statistic 0.21 2.49 1.28 1.23 3.60 0.52 4.99

DF 18.00 18.00 18.00 18.00 18.00 18.00 18.00

p-value 0.84 0.02 0.22 0.24 0.00 0.61 0.00

|rs| 0.05 0.51 0.29 0.28 0.65 0.12 0.76

Correlation Very
Weak

Moderate Very
Weak

Very
Weak

Moderate Very
Weak

Strong
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6 Conclusion

From this study, it is found that excessive sunlight occur in 43.42%of the investigated
state elementary school classrooms in the Banda Sakti Region of Lhokseumawe,
Indonesia. Moreover, it is found that there are two orientations (F and I) at which
the impact of different input variables can be observed with respect to the avail-
ability of direct sunlight inside the classrooms. At orientation group F, the corridor
shading depth designmayhold a vital role to reduce excessive sunlight.Meanwhile, at
orientation group I, two input variables, which areWWR and corridor shading eleva-
tion, shall be carefully designed to guarantee good daylighting distribution without
excessive direct sunlight. At both orientation groups, various design features shall
be properly considered to achieve optimum indoor daylight performance inside the
classroom.
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Turning Challenge into Advantage:
UNIMAS Experience in Conducting
Architecture Design Studio During
COVID-19 Pandemic

Dona Rose Amer Koesmeri, Julaihi Wahid, Bambang Karsono,
and Atta Idrawani Zaini

Abstract The Malaysian Movement Control Order (MCO) had forced teaching
and learning (T&L) of architecture design studio course to be conducted remotely,
as a response to the COVID-19 pandemic outbreak in early 2020. In maintaining
the quality of the education, the Universiti Malaysia Sarawak (UNIMAS) archi-
tecture programme tried to turn the challenge into advantages through experien-
tial and immersive blended learning. This paper presents a case study with some
data validations of experience through mixed method approach. Apart from using
UNIMAS experience as the main framework, observation on students’ performance
and a survey was also conducted to reflect students’ perceptions of their experience.
The results of the experience were obtained by measuring students’ achievement.
The stages of the design process in the course were designed systematically in such
a way that they are transferable and scalable as necessary, potentially to be adapted
by any architecture design studio courses.

Keywords Architecture pedagogy · Architecture education · Architecture design
studio · Distance learning · Blended learning · COVID pandemic

1 Introduction

Architecture design studio courses are the core of architecture education [1]. The
term ‘studio’ refers to two things. Firstly, it serves as a student-centred educa-
tional pedagogy of learning based on projects (project-based learning), which is
a course developed for students to gain the necessary knowledge and skills required
of an architect by analysing and responding to authentic, engaging, and real-world
complex issues. Secondly, the design studio is also referring to the venue to conduct
design learning, monitored by sufficient qualified lecturers set by the Board of Archi-
tects Malaysia (LAM). The Council of Architectural Accreditation and Education
of Malaysia (MAPS) under LAM has issued a Special Note #4 stated that the longer
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design studios’ T&L to take place in a non F2F learning environment, the more
it might jeopardize the quality of the design studio learning. This paper presents
UNIMAS experience in conducting their architecture design studio course during
its Semester 2–2019/2020 academic session, when the COVID-19 pandemic was in
its initial outbreak and during the strictest MCO restriction ever imposed. The case
study is then supported by the data in validating the experience’s effectiveness, in
answering the objectives as follows:

1. Will online learning be able to support T&L with the absence of educational
facilities and equipment during the MCO?

2. How exactly will online learning be conducted to achieve a conducive learning
environment while maintaining the quality of the architecture education?

1.1 Hypothesis

Exploratory learning is of exploring environments and virtual experiences with tuto-
rials and peer-based support which acknowledges the cognitive process that helps
students to use their imagination and creativity to compose output from interactions.
This is a complex process and occurs at different levels of understanding. Hence,
learning can be supported through different media and interactions, rather than solely
on textual engagements. Themain hypothesis of this study is expressed as: If students
are immersed in the learning activities, they tend to be more engaged in the entire
learning process.

1.2 Exploratory and Blended Learning

de Freitas and Neumann [2] describes ‘exploratory learning’ as learning through
exploring environments, which may be real, virtual or a combination of both settings
with peer and tutorial supports. This approach of T&L emphasises more on students’
involvement and encourages learners to examine discussions in discovering rela-
tionships between prior knowledge and unfamiliar concepts. It is a student-centred
pedagogy that encourages students to think creatively, experience different concepts
and learn how to reflect on what they learned. The requirement of one-to-one interac-
tions between lecturer and students is central to this [2]. On the other hand, blended
learning, or the integration of F2F and online instruction [3], is known to have
the potential to enhance effectiveness of learning [4]. Compared to F2F learning,
studies have found that blended learning improves student success and satisfac-
tion [5], as well as the sense of community among the students [6]. Within the
pandemic constraint, immersive blended learning in architecture design courses
through exploratory learning was adopted, where an environment is created for
learning to take place in a more experiential way by integrating a range of different
tools, applications and communications despite it was done remotely online.
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2 Research Methods

The research used mixed method where both qualitative and quantitative analyses
were used. The case study is based on the implementation of Architecture Design
Studio 6whichwas conducted in semester 2–2019/2020. Other than literature review,
observation is made on students’ ongoing responded behaviour. A survey was also
conducted to gather feedbacks on the students’ perception on the initiatives. The
results of the initiatives were obtained by measuring students’ achievement.

2.1 Studio Teaching and Learning Challenges

Manual of Accreditation for Architecture Programme [1] interprets design studio
course activities may involve lectures, precedent studies, talks, student-led discus-
sions, ‘desk crits’ (project critiques on a one-to-one basis) and ‘critique sessions’
(presentation of project for purpose of sharing learning experience) within the studio
environment. There are also portfolio review, exhibitions, presentations and assess-
ments, as well as off-studio activities (such as site visits, study tour etc.). Whatever
instructional models applied, the focus would be the attainment of standards which
should be adequate with regards to design, technical, professional, knowledge and
skills required by MAPS.

2.2 Case Study—UNIMAS Design Studio T&L Approaches
During MCO

Thevisual perception of representations is a complex internal information-processing
task which is subject to the type of representation [7]. The objectives of visual
perception and spatial cognition are to identify, recognize, estimate and provide
meaning to objects and spaces with which the human being is engaged [8]. The
followings are some stages in the design process conducted in the course during the
ephemeral phases.

(a) Site Analysis

The visits to sites, land or council office and meeting the client are real-world expe-
rience that provides opportunities towards an experiential learning process. Drone
technology was used during the site study to reinforce hands-on experience practice
to ensure the deep learning, technical knowledge and skill enhancement.

(b) Collaborative Learning (Group works and Student-led Discussions)

Collaborative oriented education is a learning method where students share their
knowledge and experiences and develop them by discussion and collaboration [9].
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(c) Lectures and Talks

Lectures act as a complement to a problem-based learning course such as design
studio course [10]. This form of lecture is organized to support meaningful learning
and to give an opportunity for the students to interact with the speakers, actively
process the content of the lectures and open new discussions via a joint studio lecture
as an integrated online talk series which is namedAD+ (Architecture+Design Talk).

(d) ‘Desk Critiques’ and Tutorials

The following outlines the comparison between conventional desk crit and online
desk crit both (non-conventional) with blended learning approach (Table 1).

(e) Interim Assessments and Final Presentations

Interim assessments and final presentations are the stage where the students present
their design proposal through drawings, scaled buildingmodels and animations. This
is an interactive environment that allows exchange of knowledge and ideas among
individuals.

Table 1 Comparison of different desk crit method

Conventional desk crit Non-conventional desk crit

Mode • Physical F2F
• Synchronously

• Online F2F
• Synchronously

Venue Takes place at a desk Takes place online

Tools May employ a drafting board,
pens, and papers where the
students present their drawings and
concepts one-on-one

Conducted using computers on a
video conferencing platform.
Available to the students were file
transfer feature, text-based chat,
digital audio, digital video, a
shared whiteboard drawing
application, and application
sharing of AutoCAD, SketchUp,
PowerPoint and other programs

Annotation Lecturer comments and gives
feedbacks directly on the student’s
papers

Lecturer comments and gives
feedbacks directly on the student’s
digital drawings, by using
touch-screen technology or
Wacom

Record-keeping Crit session activities are normally
not recorded

Sessions are recorded and can be
made available for all students to
refer to asynchronously

Sequence of activities Follow the working model of
activity sequence

Follow the working model of
activity sequence

Interaction Direct lecturer-student dialogue,
with visible expression and body
language during presentation

Direct lecturer-student dialogue
but limited to merely camera view.
Invisible expression and body
language, moreover if camera is
turned off during presentation
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2.3 Students’ Perception

A survey has been conducted to gather feedbacks from all eight (8) students of
BEA3218 Architecture Design Studio 6. The students were asked to rank their view
about the teaching and learning delivery on a six-point Likert scale. The data is
presented in Table 2.

3 Discussion

Basically, the initiative provides a meaningful learning experience in aspects of
cognitive, psychomotor and affective.

i. Cognitive Aspect

Several studies proved design studio learning as a high-level cognitive ability and
underscored the link between the cognitive process and the concept of aesthetics in
design [11, 12].

ii. Psychomotor

The activities were based on free-hand, technical drawings, some skills on the usage
of various tools, applications and other media which can be categorized within
psychomotor domain, in the margins of contemporary architectural education [13].

iii. Affective

Affective domain in architecture design studio learning represents emotional aspect
of behaviour which can be seen throughout the whole design process. Students
educated in an immersive learning environment can be more engaged in the learning
process within this creative environment. The learning blends interaction, collabo-
ration, and the enhanced integration of tools and technology. The setting provides
activity-based instruction and student-led participation, which significantly improve
attention and develop active interest in the development of the design.

4 Conclusions

At the end of the course, the assessment result was all Course Learning Outcomes
achieved by the students. Although the studies are still considered underway, we
may offer some tentative conclusions. Even though the students preferred to have
physical face-to-face teaching and learning, it was found that they were able to
adapt to the online design process. As design studio learning requires a high-level
cognitive ability, students were able to internalize design concepts and develop their
own ideas. The knowledge enables student to analyse and respond to authentic, real-
world complex issues and problems. The stages in the design process in the course
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Table 2 Respondents views on their use of eLEAP (web-based learning management system
(LMS)) and video conferencing

% of responses

Strongly
disagree

Disagree Slightly
disagree

Slightly
agree

Agree Strongly
agree

When many activities
were restricted due to
MCO, our studio
implemented blended
learning setting that
utilises face-to-face
and one-to-one
learning by making
use of several
interaction platforms
such as eLEAP, live
video conferencing,
and other social
networking media

11.1 11.1 11.1 66

The above activities
were effective and
efficient. I was able to
achieve the learning
objective even though
activities were
conducted online

11.1 22.2 44.4 22.2

Blended learning
technique offers the
benefits of online
learning that allows
remote delivery

11.1 44.4 22.2 22.2

eLEAP was useful for
my study during the
MCO

11.1 22.2 22.2 22.2 22.2 22.2

eLEAP as an
interaction platform
was useful/easy to
communicate with

11.1 11.1 55.6 11.1 11.1

The discussion forums
on eLEAP were good
because one had to
write everything down
and it was easy to
follow the discussions

11.1 22.2 55.6 11.1

eLEAP is a good
platform to place all
teaching and learning
materials

11.1 11.1 33.3 44.4

(continued)
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Table 2 (continued)

% of responses

Strongly
disagree

Disagree Slightly
disagree

Slightly
agree

Agree Strongly
agree

eLEAP provides easy
access and is
user-friendly

11.1 55.6 33.3

eLEAP is a good
platform to submit
assignments/projects

11.1 22.2 66.7

Video conferencing
sessions were
enjoyable

11.1 22.2 44.4 22.2

Video conferencing
was a more efficient
medium for group
discussions than the
eLEAP discussion
forums

11.1 33.3 55.6

I prefer live video
conferencing than
discussion on eLEAP.
Because it is more
appropriate for direct
interaction through
real-time sharing

11.1 22.2 66.7

Video conferencing
sessions were good
because I was able to
get immediate
feedback

22.2 11.1 66.7

From the
implementation of
blended learning, the
architecture design
studio course was able
to adapt to the new
normal without
compromising the
quality of the learning
outcomes through
immersive learning by
integrating a range of
different tools,
applications and
communication media

11.1 22.2 44.4 22.2

(continued)



152 D. R. Amer Koesmeri et al.

Table 2 (continued)

% of responses

Strongly
disagree

Disagree Slightly
disagree

Slightly
agree

Agree Strongly
agree

Physical face-to-face
teaching is more
effective for
developing a design
project

100

were designed systematically in such a way that they are transferable and scalable
as necessary, to be adapted by any architecture design studio courses.
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Factors of Obsolescence Affecting
Adaptively Reused Shophouses
in the Core Zone of Melaka, Malaysia

Nor Syahila Ab Rashid and Tim Heath

Abstract Fast economic growth and restructuring has resulted in a large number of
obsolete buildings in large cities.Many of these buildings represent different eras and
building typologies. Some, such as the distinctive shophouses of Southeast Asia, are
important heritage legacies. The desire to undertake research related to the obsoles-
cence of shophouses arises from the abandonment and demolition of many of these
unique urban assets. Consequently, the aim of this paper is to examine the dimen-
sions of obsolescence in adaptively reused shophouses in the Core Zone of Melaka.
This research uses qualitative method through semi-structured interviews to gather
information from three case study buildings. These three case study buildings were
made up of shophouses which were converted into boutique hotels. NVivo software
was employed to assist analysis for the collected data. The research findings indicate
that functional and social obsolescence are the most dominant factors influencing all
of the case study buildings. Further research is required to find the best formulas for
revitalising and converting obsolete shophouses in this area for suitable uses, as this
can inform policy and the success of the adaptive reuse of shophouses in the future.

Keywords Building obsolescence · Adaptive reuse · Traditional shophouses ·
Melaka world heritage site · Core zone of Melaka

1 Introduction

Rapid economic development and restructuring mean that there are more old and
obsolete buildings in large cities, as reported by Tan et al. [17]. Uncertainty about
the future of an area can cause gradual deterioration of old-fashioned buildings and
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infrastructure. These factors can cause values and prices in the declining district to
fall further and property to be similarly devalued [5].

Tiesdell et al. [20], Carmona et al. [2], Thomsen and van der Flier [19] and Pinder
et al. [14] have expressed similar views that, in practice, obsolescence is commonly
regarded as the decreasing performance of buildings due to rising expectations. The
impact of building obsolescence can be classified into correctable, meaning cost-
efficient to rectify, and non-correctable, meaning not cost-efficient to rectify, at least
at the current time [2, 4].

Obsolescence is a condition that often justifies demolition [19]. Recent research by
Zawawi and Abdullah [23] has shown that the threat of obsolescence requires shop-
house owners inKuala Lumpur,Malaysia to determine the scope of redevelopment. It
could be adaptive reuse, rehabilitation, facade conservation or total redevelopment.
Total redevelopment is intended to remove low-quality buildings, and this means
demolition. On the other hand, adaptive reuse should be considered as a sustainable
option.

The Core Zone of Melaka consists of two major areas: the St. Paul’s Hill Civic
Zone and the Historic Residential and Commercial Zones (see Fig. 1). Most tradi-
tional shophouses are located in the Historic Residential and Commercial Zones.
These shophouses were mainly subject to the Malay, Southern Chinese and Euro-
pean (Dutch and British) influences. The combination of these historic features char-
acterises this architectural typology as a unique tangible heritage and this can be
seen in their urban and street context, and their styles and characteristics that make a
significant contribution to the inscription of Melaka as a UNESCO World Heritage
Site in 2008.

In relation to that, there is a need for a comprehensive study concerning the impact
of obsolescence on shophouses in the Core Zone of Melaka at the present time.
Problems related to these shophouses arising from natural causes, modernisation,
legislation, gentrification, lack of funds, ownership and conflict of interest, attitudes
and perceptions, upgrading and conservation, and heritage tourism, as revealed by
Ismail and Shamsuddin [7] may be categorised as obsolescence. It should be pointed
out that Ismail and Shamsuddin focused fully on demolished shophouses rather than
on converted shophouses. However, nowadays, demolition is no longer permitted on
shophouses in this area.

In the Conservation Management Plan (CMP) and the Special Area Plan (SAP)
for the Melaka World Heritage Site, shophouses in the Core Zone of Melaka are
classified under Category II [13]. Category II buildings have two options either to
continuewith existing uses or to adapt for new uses. However, preserving shophouses
for their original use might not necessarily be appropriate as the nature of uses can
change over time. Therefore, adaptive reuse is suggested to extend the service of such
buildings and to avoid obsolescence being used as a justification for demolition.

Consequently, this study examines the factors of obsolescence in adaptively
reused shophouses in the Core Zone of Melaka, in which through this objective,
the most significant factors affecting all of the case study buildings are discovered
and reviewed. This could be a stepping stone for further research on the adaptive reuse
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Fig. 1 The Core Zone (Property Zone) of Melaka consists of two major areas: the St. Paul’s Hill
Civic Zone and the Historic Residential and Commercial Zones

practices of obsolete shophouses in this area. Their survival is crucial to maintaining
the continuous inscription of Melaka on the UNESCO World Heritage List.

2 Methods

This research is entirely qualitative in nature. It has been carried out through a
detailed case study approach of three adaptively reused shophouses in the Core
Zone of Melaka. The on-site survey conducted by Rashid [16] clarified that 31% of
shophouses in this area have experienced adaptive reuse practices. This is a relatively
significant percentage, in which greater number of adaptive reuse projects indicates
greater number of obsolete shophouses. The most popular adaptive reuse option
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for these shophouses is to boutique hotels and as such this typology was selected
for this study. The three adaptively reused shophouses are as follows: the Fomecs
Boutique Hotel (Fomecs Hotel), the Jonker Boutique Hotel (Jonker Hotel) and the
Timez Modern Heritage Hotel (Timez Hotel).

An interviewing technique was employed as the primary data collection mecha-
nism with nine interviewees who are associated with the conversion process of the
case study buildings. These intervieweeswere as follows: the hoteliers as the building
owners, the architects in charge as the professional experts, and the hotel managers
or supervisors as the specialist users. However, much of the information has been
retrieved from the architects in charge. This is because the architect is the leader of
consultant team [21], who can see the possibilities and the difficulties in reusing the
building [18]. The data collected were analysed using NVivo software to enable the
development of key themes across different cases (cross-case) along with content
analysis that had been selected as the primary means of data analysis.

3 Results and Discussion

Eight factors of obsolescence, namely: physical, functional, technological, economic,
environmental, locational, social and legal, have been identified in Fomecs Hotel,
JonkerHotel andTimezHotel for cross-case comparison (seeTable 1). These formsof
obsolescencewere experienced by these case study buildings before their conversions
into hotel-type accommodation. It should be noted here that the factor(s) with the
highest frequency is defined as the factor(s) that affects all of the case study buildings.
Explanations of each factor are outlined in detail after Table 1.

3.1 Physical Obsolescence

The vacancy and abandonment of TimezHotel for several years prior to its conversion
into a boutique hotel had led to its physical deterioration. According to Wilkinson
et al. [22], physical obsolescence can be defined as an increased deterioration as
a consequence of inadequate maintenance and repair routines. This is in line with
Feilden (as cited in [7]), in which human action causes the greatest damage. This may
reduce the capability of the building to meet both user expectations and performance
requirements.

The physical structure of Timez Hotel was in a dilapidated condition with a
collapsed roof at the back and poor-quality materials for some elements. As indicated
by Bartlett and Howard [1], heritage buildings that were poorly built in the past will
not outlive their expected life. Good quality materials, especially for the walls and
the roof are important to make the building solid and able to keep out the weather
[8].
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Table 1 Cross-comparisons on factors of obsolescence affecting the case study buildings

Factor Obsolescence Case study building

Fomecs Hotel Jonker Hotel Timez Hotel

Physical Dilapidation ✓

Physical deterioration ✓

Poor quality materials ✓

Functional Inadequate building function ✓ ✓

Inadequate spatial capacity ✓ ✓ ✓

Inappropriate building layout ✓

Technological Changes in building services ✓ ✓

Limitation of facilities ✓

Economic Drop in demand ✓ ✓

Low rental income levels ✓

Uneconomical building function ✓

Environmental Improper waste management ✓ ✓

Improper water supply system ✓

Poor indoor air quality ✓

Road congestion ✓

Locational Changes in economic activities ✓ ✓

Social Changes in taste and style ✓ ✓ ✓

Human migration ✓ ✓ ✓

Lack of significant values ✓ ✓

Legal Changes in legislation ✓

Existence of flammable materials ✓

3.2 Functional Obsolescence

The previous uses of FomecsHotel andTimezHotel as awarehouse, factory, shop and
residence were no longer relevant for current needs as a consequence of inadequate
building function.

The small and narrow structure of these buildings had prompted the need for larger
spatial capacity to provide more warehouse space in Fomecs Hotel, and additional
living space for the residents of Timez Hotel. This fact is supported by the architect
in charge of Jonker Hotel who suggested that the conversion of the upper floor of
shophouses in the Core Zone of Melaka from living quarters into storage is because
of the growing sales volume and a wide range of goods.

There was also an insufficient number of kitchens, toilets and showers in Timez
Hotel because of limited spatial capacity, and all of the residents had to share these
facilities. Apart from that, the previous building layout of Timez Hotel was inap-
propriate for modern needs as it consisted of a deep inside corridor and windowless
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rooms for natural ventilation and lighting. Cheong [3] and Wilkinson et al. [22]
agreed that a building may be deemed to be functionally outdated because of its
ineffective and inflexible layout.

3.3 Technological Obsolescence

The dependence of the residents of Jonker Hotel and Timez Hotel upon wells for
water supply for washing and drinking, and the bucket system for waste disposal,
had become the main issues before the public services were installed.

Many residents had their own wells, which were commonly located in the kitchen
at the back of these buildings. Up to recent times, there was still a need to source a
water supply. During the vacancy and abandonment of Timez Hotel for several years
prior to its conversion, there were no electrical and water supply even though the
systems were there. However, these building services were already outdated.

Cheong [3] pointed out that, when several electrical and mechanical services are
no longer technologically appropriate concerning performance, there may be efforts
to improve efficiency through technological innovation. This technological change
can sometimes make older buildings unsuitable for modern production processes
[4]. As recommended by Wilkinson et al. [22], the need for this technology to be
upgraded or changed will have an impact on the obsolescence of older buildings.
There are occasions when expensive retrofitting will make an upgrade less attractive.

The number of facilities such as the kitchen, toilets and showers in Timez Hotel
was limited. The limited shared facilities had become inadequate for the needs of the
residents.

3.4 Economic Obsolescence

Traditional trades in Fomecs Hotel and Jonker Hotel, for instance as a shop, factory
and coffee shop, had seen a drop in demand, as these activities were considered to
be old-fashioned and no longer relevant. Moreover, the migration of residents out of
the Core Zone of Melaka also made these activities no longer profitable since the
activities were based on the demands of the residents.

Rental rates for the previous uses of Fomecs Hotel as a shop and warehouse were
low and unprofitable. This situation contributed to an uneconomical building func-
tion in Fomecs Hotel because these uses did not make much profit for the building
owner. As emphasised by Langston [9] and Wilkinson et al. [22], failure to generate
a consistent operating revenue can lead to the building being economically outdated.
Since there is no funding available for maintaining privately-owned heritage build-
ings such as shophouses, the tendency towards conserving them will largely depend
on the potential profits [7]. Otherwise, they will be left in a dilapidated state or they
will be demolished in favour of new more profitable buildings.
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3.5 Environmental Obsolescence

The reliance of the residents of Jonker Hotel and Timez Hotel upon improper waste
management involving manual collection for the disposal of wastewater, and having
a refuse chamber chute for the disposal of garbage and rubbish, could have negatively
affected their health and the environment. Indeed, shophouses can be more seriously
threatened by pollution from inadequate waste disposal than from tourism in itself
[7].

The dependence of the residents of Jonker Hotel upon an unsafe drinking water
supply system from wells could have exposed them to diseases related to untreated
water. In addition, the previous building layout of Timez Hotel included a deep
inside corridor and windowless rooms resulting in the absence of natural ventilation.
This led to poor indoor air quality. As stated by Rani [15], indoor air quality has a
significant impact on human comfort, health and productivity.

The status of the Core Zone of Melaka as a tourist attraction, especially after the
inscription ofMelaka as aUNESCOWorldHeritage Site, resulted in road congestion,
makingmany residents decided tomove out of this area because of parking problems.
The nuisance arising from crowded traffic and tourists could encourage the residents
to leave. As a consequence, the original function of shophouses as living quarters on
the upper floor(s) would start to decline. A more worrying development is that this
architectural typology could undergo demolition as a result of these environmental
factors [7].

3.6 Locational Obsolescence

Since the Core Zone of Melaka became a tourist attraction, the previous economic
activities of shophouses in this area related to commercial, import/export, agriculture
and industry changed to tourist related activities.

This situation occurred because the traditional tradeswere considered to be uneco-
nomical, old-fashioned and no longer relevant, as people no longer bought their daily
needs at the shop, processed their food traditionally and had their coffee in the tradi-
tional coffee shop. Tourism became the main generator of profits, therefore, in this
situation the shophouses might become locationally outdated if their original func-
tion was to continue. A study by Carmona et al. [2] revealed that a location can suffer
depreciation when it is considered by the users to be less fashionable and attractive.

3.7 Social Obsolescence

Lifestyle trends in this area in terms of living, shopping and dining have also changed.
People no longer wanted to live with their extended family in the place where they
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worked and ran their business. They no longer bought their daily needs in the shop
or had their coffee in the traditional coffee shop. The traditional trades, which were
part of the original function of shophouses, are now considered to be old-fashioned
and no longer relevant. As highlighted by Langston [10], fashion and style changes
in society can contribute to the demand for building renovation or replacement even
though new materials and technologies have been already installed.

This situation was compounded by the displacement of the residents of all of
the case study buildings for various reasons such as parking problems and property
divestment. The migration of residents out of this area meant that traditional trades
were no longer profitable because these activities were based on the needs of the
residents.

In addition, the design of Jonker Hotel and Timez Hotel was simple and did
not have much in the way of architectural and historical values that needed to be
preserved. The styles of these shophouses were a mixture of a few styles, and the
absence of significant values meant that some elements had to be changed or demol-
ished. This is due to the fact that the image or style of a building can promote
market interest and raise property values or rental income streams [22]. However,
it is important to appreciate shophouses as many of them provide the setting for
public buildings, especially in Melaka. Any apparent lack of appreciation of this
architectural typology could result in negative social pressures [6].

3.8 Legal Obsolescence

As is often the case with other heritage buildings, Timez Hotel was constructed
according to an outdated building code where there was less consideration of fire
risks or of the requirements for fire safety. This building code is believed to have been
part of the 1822 JacksonPlan thatwas originally enacted inSingapore bySir Stamford
Raffles. It was soon adapted in Melaka [12], and it contained recommendations to
build houses with masonry and to use roof tiles in order to reduce fire risk.

What is of greater concern is the fact that some parts of Timez Hotel were built
using flammable materials such as dried timber that present specific concerns asso-
ciated with fire safety, leading to a dangerous building. As indicated by Tiesdell et al.
[20] and Langston et al. [11], amended fire or occupational health and safety regu-
lations, as well as modern building ordinances, may cause legal obsolescence. This
form of obsolescence occurs when the building fails to achieve certain minimum
standards of functionality determined by a public agency [2, 20], in this case by the
Melaka Historic City Council (MBMB).
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4 Conclusions

The traditional shophouses within the Core of Melaka are an important tangible
heritage that reflects Western colonialism in Malaysia. These historic buildings in
turn provided an opportunity for Chinese immigrants to establish their settlements in
this country, resulting in a hybrid fusion of Malay, Southern Chinese and European
styles. As the dominant heritage building typology of the old core of the city, their
survival is crucial to ensure the continuous inscription ofMelaka as aUNESCOWorld
Heritage Site. However, a significant number of these shophouses were obsolete
primarily as a result of functional and social factors.

Over time, the small and narrow structure of these buildings with limited facilities
had driven the need for larger spatial capacity for increased production and extended
family accommodation. At about the same time, lifestyle trends in terms of living,
shopping and dining have changed, leading to the original function being seen as
old-fashioned and no longer relevant. The migration of residents from the Core Zone
of Melaka because of parking problems and property divestment, also made the
traditional trades of the shophouses no longer profitable.

Meanwhile, obsolescence has greatly influenced Timez Hotel, and that Fomecs
Hotel is the least likely building to be in this situation. This could be the result of
vacancy and abandonment of Timez Hotel for several years prior to its conversion.
Fomecs Hotel and Jonker Hotel were constantly refurbished over time, which could
potentially minimise the impact of obsolescence. In addition, all forms of obsoles-
cence were experienced by at least two case study buildings except for physical and
legal obsolescence. This suggests that physical and legal matters are not the main
factors influencing the obsolescence of adaptively reused shophouses in the Core
Zone of Melaka.

It has therefore become necessary to identify contemporary functions for these
shophouses through adaptive reuse, which in this case into boutique hotels to keep
them in active use and minimise obsolescence issues.
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Abstract Every day, demand and supply of water resources rises along with the
urbanisation, population, and technological advancement. The situation has brought
up the needs to explore water demand of an area for the water authority to supply
enough water to the people. The objective of the research is to compare the perfor-
mance of Micro-Component Analysis (MCA) and National Water Service Commis-
sion (SPAN) Guideline with actual water demand implied at Pengkalan Gawi,
Kenyir Lake, Terengganu,Malaysia. Actual water consumption and forecasted water
consumption (MCA and SPAN Guidelines) are used to evaluate the performance
accuracy. The method used to compare the performance of the models is statis-
tical analysis of Mean Absolute Deviation (MAD), Mean Square Error (MSE) and
Root Mean Square Error (RMSE). As a result, MCA produced statistical indices of
MAD,MSE andRMSEof 28.32, 2165.89 and 46.54, respectively.Meanwhile, SPAN
Guidelines resulted with 58.42, 17,128.23 and 130.87 of MAD, MSE and RMSE.
The study conclude that MCA has better accuracy with lower value of statistical
indices compared to the other model and eventually assist the water authorities in
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constructing sensible water plans for the area of same geographical state using the
respective technique.

Keywords Micro-component analysis · National Water Service Commission
(SPAN) guideline · Performance accuracy · Statistical analysis

1 Introduction

In the globalisation era, population density in the world increases invasively and
reflects to high demand of water resources for their daily necessities. Criticised
and detailed management of water demand is required to overcome the obstacle to
ensure the well-being of people’s life. The essential requirement on water supply and
demand framework is a strong emphasis on the applicability of forecasting methods
[1]. Apart from that, the right choice of water demand forecasting serves as an
assurance to the design and management of present and future water supply systems
[2]. There are many water demand methods available globally, such as Time-Series
Model [3],multiple regression analysis [4], andArtificialNeuralNetwork (ANN) [5].
Shirkoohi et al. [6] predicted water demand at Quebec, Canada by comparing ANN
model, Autoregressive Integrated Moving Average (ARIMA) model and pattern-
based model. The result showed highest accuracy of ANN model compared to the
other twomodels. Similar application of this studywhere several forecastingmethods
are being compared individually.

The estimation method of water demand is chosen based on their applicability
and compatibility towards the available data and parameter from the targeted study
area. As for this study, the methods applied are Micro-Component Analysis (MCA)
and National Water Service Commission (SPAN) Guideline. Latest study by Abu-
Bakar et al. [7] reviewed application ofMCA to improve householdwater-use pattern
at England and reduce per capita consumption. Exploration of MCA is continued
by Knox [8] to differentiate indoor and outdoor water demand in Western Cape
and Gauteng with variety of data considered. Currently, the study of MCA in water
demand management increases each day [9–13].

National Water Service Commission (SPAN) Guidelines is another method being
compared in this study. Themethod is chosen parallel toMalaysia’s water requisite as
the study area located atMalaysia. The guideline applied from the SPANGuideline is
Uniform Technical Guidelines (UTG) Water Reticulation and Plumbing. One of the
recent studies adoptingUTG fromSPANGuidelines is by Lim et al. [14] where water
demand of each premises at Regional Operation Center (ROC) Melaka, Malaysia is
estimated using the guideline. The guideline also can be used to find the correct
depth of underground water pipe from the ground surface assisted together with
Ground Penetrating Radar (GPR) analysis [15]. UTG from SPAN Guideline has
been applied to few other studies [16] and report [17] specifically for location of
study area in Malaysia.
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Investigation on performance accuracy of water forecastingmethods is expanding
globally each day. The performance of each water demand techniques is being anal-
ysed either between two or three techniques. A study by Shirkoohi et al. [6] predicted
that hybrid model (Artificial Neural Network (ANN)-Genetic Algorithm (GA))
produced the most accurate result of 15 min forecasted water demand compared
to the other two model ARIMA and pattern-based. Another research on performance
accuracy between two methods of short-term water demand techniques namely
hybrid method (Self-Organising Maps (SOM)-Regression Tree (RT)) with time-
series method (Seasonal Autoregressive Integrated Moving Average (SARIMA))
and the study found that hybrid of SOM-RT produced highest accuracy than time
seriesmethod of SARIMA. The performance accuracy of anymethods can be discov-
ered with enough water consumption data accompanied with the number of variables
focuses on the respective study [18].

This paper presents performance accuracy of water demand estimation models by
statistical indexes. The performance of each estimation method varies as it requires
different parameters. The results collect from statistical analysis for MCA and SPAN
Guidelines will conclude with the most accurate estimation method for Pengkalan
Gawi. Discussion on differences of parameters and statistical indexes found from
each technique are included in the result and discussion section. Finally, recommen-
dation and improvement of the research are included in the conclusion section to
enhance water demand management in Malaysia and other countries.

2 Dataset

The investigation was performed based on the dataset collected from the study area
of Pengkalan Gawi, Kenyir Lake. Pengkalan Gawi is located Pulau Dula section
of Kenyir Lake. The area is the main entrance for visitors to Kenyir Lake where
the jetty for boat and houseboats. The jetty acts as the starting point for all house-
boats and boats before heading to tourist’s desired location. The premises considered
in Pengkalan Gawi, Kenyir Lake are Lawit Lodge, Kenyir Elephant Conservation
Village (KECV), Development Authority Terengganu Tengah (KETENGAH) and
Tourist Information Center (TIC) office, public toilets, food stalls, prayer rooms.

The data for this research is being collected based on the parameters involved in
each of the technique. For MCA, the data need to be gathered are maximum number
of people and water-use pattern at the respective study area. Many MCA studies
emphasized the significant of disaggregating usage by end-use appliance to find the
actual water consumption [7]. Hence, the data for water use pattern at each premises
comprise of proportion, frequency, and volume of water use appliances. The base
predictions practiced by water companies is also on proportion-frequency-volume
of water using fixtures [19].

As for SPAN Guidelines, the parameters involved in water demand calculation
are average daily water demand according to type of premise and maximum number
of people fits each premise. The values of average daily water demand are listed in
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UTG from SPAN Guidelines [20] which can be chosen restrictively to the type of
premise covered. While maximum number of people for each premise is the same as
the number gathered for water demand estimation using MCA. And the data needed
to apply statistical analysis on performance of MCA and SPAN Guidelines are the
actual water consumption at Pengkalan Gawi and forecasted water demand forMCA
and SPANGuidelines individually. The actual water consumption at PengkalanGawi
is gathered from metered water supplied by Terengganu Water Company (SATU).

3 Methodology

Two techniques namely, MCA and SPAN Guidelines are applied to estimate water
demand at Pengkalan Gawi are described briefly in this section. The degree of under-
standing throughmethodology used by researchers are solely determined by them by
the accurate data and approaches taken [21]. The result gained from water demand
computation ofMCA and SPANGuidelines are then being compared on their perfor-
mance accuracy by statistical analysis. The description on the statistical analysis
implemented in this research also being discussed in this section.

3.1 Micro-Component Analysis (MCA)

Micro-Component Analysis (MCA) originates fromHerrington’s work and has been
used widely in water industry and research [22, 23]. The approach used by MCA
is per capita consumption to determine water demand of an area. The per capita
consumption revolves on ownership, frequency and volume of water use appliances
or activities [24]. The mathematical equation of MCA in general as shown below:

pcc =
∑

(Oi · Fi · Vi ) + pcr (1)

where pcc is per capita consumption, Oi is the proportion of households using appli-
ance or activity, Fi is the average frequency of use of appliance or activity, Vi is the
volume of water consumed by appliance or activity per use, and pcr is per capita
residual demand. Summation of per capita consumption following the mathematical
equation above is adopted as total water demand of an area per person for this study.
In addition, pcr value acts as emergency water demand which taken as constant value
of 0.5 from pcc [23, 25].

Kame’enui [26] highlighted on the significant step to have a feasible and valid
methodology is by providing correct flow of experiment and sufficient data. Hence,
Eq. 1 works as a basis to establish Eq. 2 which includes multiplying factor. The
outcome of Eq. 2 will provide water demand value of a premise. Multiplying factor
is the maximum number of people fits a premise.



Performance Comparison on Water Demand Methods … 167

Total pcc =
[∑

(Oi · Fi · Vi ) × Multiplying Factor
]
+ pcr (2)

3.2 National Water Services Commission (SPAN) Guidelines

In accordance with Malaysia’s water requisite, National Water Service Commission
(SPAN) Guideline is included in the water demand estimation at Pengkalan Gawi.
The guideline used from SPAN is Uniform Technical Guidelines (UTG) for Water
Reticulation and Plumbing which act as basis for housing and developers to estimate
water demand for a premise or building proposed [20]. Estimation of water demand
using SPANGuideline is the multiplication of daily average water demand according
to type or premise and themultiplying factor of a premise. Themathematical equation
for SPAN Guideline is presented below:

Water demand = Average dailywater demand f rom SP AN

Guidelines × Multiplying Factor (3)

3.3 Statistical Analysis

Performance of each technique applied in this study is computed using statistical
analysis. Singh et al. [27] discussed that accuracy of a technique can be measured
through value of disparity between forecasting results and actual data of the study.
The statistical analysis implemented for MCA and SPANGuidelines computation of
water demand at Pengkalan Gawi is Mean Absolute Deviation (MAD),Mean Square
Error (MSE) and Root Mean Square Error (RMSE).

Mean absolute deviation (MAD) measured the accuracy of forecasting data [28],
mean square error (MSE) computed the squares of all errors in the factors used in
each premise and dividing them by total number of premises investigated [29] and
root mean square error (RMSE) compared the actual and forecasted value to identify
errors in actual water consumption [30]. The equation of MAD, MSE and RMSE is
portrayed below:

MAD = 1

n

n∑

i=0

|Yi − Fi | (4)

MSE = 1

n

n∑

i=0

(Yi − Fi )
2 (5)
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RMSE = 1

n

n∑

i=0

∣∣∣
√
(Yi − Fi )

∣∣∣ (6)

where Yi is the actual water consumption, Fi is the forecast value of water
consumption using MCA and SPAN Guidelines, and n is the number of premises.

4 Result and Discussion

4.1 Actual Water Consumption and Forecasted Water
Consumption (MCA and SPAN Guidelines)

The actual and forecasted monthly water consumption at Pengkalan Gawi is estab-
lished in Table 1. Terengganu Water Company (SATU) provided the actual monthly
water consumption at Pengkalan Gawi and has been used to compare with the
forecasted monthly water consumption using MCA and SPAN Guidelines.

Outcome of the result showed a variation between the values of actual and fore-
caster water consumption. The total monthly water consumption was found to be
highest for MCA than actual water consumption and SPAN Guidelines at 10,068.0
m3, 6160.4 m3 and 5937.0 m3, respectively. However, the actual monthly water
consumption recorded at highest usage for premises of Lawit Lodge,Kenyir Elephant
Conservation Village (KECV), KETENGAH and TIC offices and food stalls. This
is because local people and communities there utilised water thriftly which leads to
higher usage of water [31]. Another reason may cause by the location of Pengkalan
Gawi that is the main entrance for visitors to Kenyir Lake [32], so the tourists tend to

Table 1 Monthly water consumption for actual data, MCA, and SPAN guidelines

Type of buildings/Premises Monthly water demand (m3)

Actual water
consumption

Micro-component
analysis (MCA)

SPAN guidelines

Lawit lodge 1108.0 285.0 450.0

Kenyir elephant
conservation village
(KECV)

724.0 360.0 300.0

Offices of KETENGAH and
tourist information center

1393.0 162.0 207.0

Public toilet 2154.3 8730.0 3654.0

Prayer rooms 250.1 300.0 831.0

Food stalls 531.0 231.0 495.0

Total water consumption 6160.4 10068.0 5937.0
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Table 2 Statistical analysis
of MCA and SPAN guidelines

Technique Micro-component
analysis (MCA)

SPAN guidelines

Mean absolute
deviation (MAD)

28.32 58.42

Mean square error
(MSE)

2165.89 17128.23

Root mean square
error (RMSE)

46.54 130.87

use water from public utility first before continuing their journey exploring Kenyir
Lake.

4.2 Statistical Analysis

The performance of a technique is a determination how incorporated and suitable
the technique to be applied to research. Each method has different criteria and steps
of evaluation that make it performs differently. Two techniques of MCA and SPAN
Guidelines have been used to forecast water usage at Pengkalan Gawi. The perfor-
mance comparison between the techniques is done using different statistical indices
namely, MAD,MSE and RMSE. The performance of each method is shown in Table
2.

Result of statistical indices of MAD, MSE and RMSE in Table 2 showed lower
value for Micro-Component Analysis (MCA) rather than SPAN Guidelines which
means MCA performed better in terms of accuracy and differences with the actual
value of water consumption. The variables involve in SPAN Guideline is lesser than
MCA, but it does not affect the performance accuracy of the technique. This is
proven by Vijai and Sivakumar [33] that explained the connection of input variables
and output variables is not always linear in actual world problems.

In terms of assessment on the performance of MCA, the MAD, MSE and RMSE
are 28.32 and 2165.89 and 46.54, respectively. And for SPAN Guidelines, MAD,
MSE and RMSE are 58.42, 17,128.23 and 130.87, respectively. From the results,
it can be inferred that MCA provide better forecasting of monthly water demand
at Pengkalan Gawi than SPAN Guidelines. However, the statistical indices for both
techniques are not close to zero. The value of zero is an indication of low consid-
eration in variability of response data so it performs better [33]. Improvement of
the performance in terms of accuracy and correlation of statistical analysis can be
made with consideration of various other factors of water demand like number of
household members, occupation, weather, water price and water usage time [30].
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5 Conclusions

The performance accuracy result shows that Micro-Component Analysis (MCA)
has better accuracy of water demand estimation model for Kenyir Lake rather than
NationalWater Service Commission (SPAN)Guideline. The value ofMeanAbsolute
Deviation (MAD), Mean Square Error (MSE) and Root Mean Square Error (RMSE)
of MCA was found at 28.32, 2165.89 and 46.54, respectively. Instead, statistical
indices of MAD, MSE and RMSE for SPAN Guideline are 58.42, 17,128.23 and
130.87, respectively. The values for MCA were much smaller than the values of
SPAN Guideline. Hence, the MCA method was verified as the best performance
accuracy of water demand forecasting model practiced in this study.

With the results stated in the previous part, water authorities can analyse water
demand and supply easily and instantly using MCA specifically for Kenyir Lake.
Water authorities have saved their time in finding the most suitable water demand
method for the study area. The analysis of water demand at Kenyir Lake by water
authorities eventually aid stakeholders and government in managing and planning
water demand there. Same type of area with the same environmental condition as
Kenyir Lake can also apply MCA as water demand forecasting model instead of
applying numbers of water demand estimation methods to be explored.

Expansion of this study can be done by adaptation of other water demand estima-
tion methods such as Artificial Neural Network (ANN) and hybrid model. Invasive
exploration of water demand data and parameters also required as parallel to the
application of more complex water demand forecasting techniques. Government and
water authorities should focusmore on analysingwater demand and supply condition
at rural area as the area always being taken lightly.
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Numerical Validation of Hydrodynamic
Responses and Mooring Top Tension
of a Turret Moored FPSO Using
Simulation and Experimental Results

I. A. Ja’e, M. O. A. Ali, and A. Yenduri

Abstract Numerically validatedmodels are frequently used in the analysis of hydro-
dynamic responses and mooring line tensions of offshore floating platforms. This
approach is very useful especially where access to laboratory facility is a challenge,
or the limitation of available wave tank dimensions poses a great constraint to allow
for proportionate scaling down of water depth. Thus, the numerical validation of
a turret moored FPSO operating in a water depth of 1829 m is presented in this
paper. The numerical model was developed in MAXSURF and perfected in Design-
Modeler. Time-domain coupled analysis was conducted in ANSYS AQWA over a
simulation period of 12000 sec using a time step of 0.02 sec. All AQWAmodel anal-
ysis results including static offset, free decay, platform response and line tensions
compared reasonably well with the published simulation (WINPOST) and experi-
mental (OTRC) results. The variation recorded in AQWA results might be due to
non-uniformity in FPSO hull geometry, possible mismatch in the prediction of wind
and current coefficients, and the non-inclusion of hull viscous effect in the numerical
simulation. The mooring tension spectrum generally compares very well. The close
agreement of the validated model with published results indicated proper modelling
of the referenced FPSO platform. Hence, the validated model can be used as a bench-
mark for further studies concerning hydrodynamic responses, mooring line tension,
and restoring behavior of a turret mooring system.
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1 Introduction

The hydrodynamic responses together with the mooring line tensions form an impor-
tant aspect of interest in analyzing Floating Production Storage and Offloading
(FPSO) operating under the action of varying environmental loading. Several floating
platforms have been successfully deployed for deep-water oil and gas production
activities with FPSOs accounting for the highest number of these platforms in oper-
ations [1]. The acceptance of FPSO is attributed to its unique advantages including a
large top working area, huge storage, and stable hull. Thus, many studies have been
conducted to better understand the dynamic characteristics of FPSOs operating in
varying combinations of waves, wind, and currents [2–6].

The effectiveness of FPSOs during operation is dependent on the efficiency of
theirmooring system.Thus, the selection ofmooring linematerials, configuration and
othermooring parameters especially for deep-water operations have a great influence
in terms of cost and effectiveness of the overall mooring system [7]. Mooring lines
are widely analyze using lumped mass method [8, 9], where every mooring line is
discretized into several segments with the assumption that external forces and weight
of each segment are lumped and distributed at the nodes, which are connected by a
massless spring. The mooring line dynamics is investigated based on lumped mass
formulations with the contact between the line and seabed modelled using bi-linear
springs at the nodes [10].

The hydrodynamic responses andmooring tensions of floating production systems
can be assessed using physical model testing, numerical simulations, or a combina-
tion of both. However, although the experimental approach is considered asmost reli-
able, the limitation of availablewave tank dimensions poses a great constraint to allow
for proportionate scaling down of the water depth [3, 11]. Hence, to account for this
shortcoming, equivalent truncated mooring lines are utilized in such cases. In recent
times, due to the limited access to the laboratory facilities because of the pandemic,
the use of numerical simulation to access the dynamic interactions between FPSO
hull and mooring lines using validated numerical models have increased. ANSYS
AQWA is one of the commercial software being utilized for this purpose.

In this paper, the numerical validation of a turret moored FPSO anchored with
twelve taut mooring lines is presented using the commercial software AQWA. The
responses of the FPSOmodel in six degrees of freedom and line tension is compared
with OTRC experimental results and simulation results from WINPOST software.
The content of this paper is arranged as follows: Sect. 2 contains the dynamics of
mooring line and FPSOhull hydrodynamics. In Sect. 3, the detailed description of the
FPSO model and the mooring system is presented, including the prediction of wind
and current coefficient.Also, detail of the implementation of theNumerical validation
is presented. Section 4 contain the results and discussion. While the conclusion is
presented in Sect. 5.
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2 Governing Equations and Formulations

2.1 Dynamics of Mooring Lines

The ANSYS AQWA software which is used in this study utilises the discrete lump-
mass model in solving mooring line responses. The effect of line mass, drag, inline
elastic tension and bending moment are considered [12].

In analysing the mooring lines while assuming no torque or twisting moment, the
equation of motion of the mooring line can be written as:

∂ �T
∂Le

+ ∂
−→
SF

∂Le
+ �w + �Ph = m

∂2 �R
∂t2

(1)

where
−→
T and

−→
SF are the tension and shear force at the first node of the element. The

symbols m,−→w , and
−→
P h represents the structural mass, element weight and external

force, all per unit length.
−→
R is the position at the first node of the element, and,Le,

is the cable length.
The total gravitational forces at nodes j and j + 1, are expressed in a 6 × 1 matrix

as given in (2).

w = (−→w j ,
−→w j+1

)T =
{
0, 0, − 1

2

(
mL j + M

)
g, 0, 0, − 1

2mL j g
}T

(2)

where L j = unstretched element length.
Thewave excitation force is ignored on the dynamic cable; thus, the hydrodynamic

force (Phd) is the summation of the buoyant force (Pb), drag force (PD) and added
mass radiation force (Pa), as shown in Eqs. 3–8:

Phd = Pb + PD + Pa (3)

Phd = Pb + PD − ma
[−→a j ,

−→a j+1

]T
(4)

where −→a j = acceleration at node j.
The element buoyant force matrix is expressed as:

Pb =
{
0, 0, 1

2ρAcj L j g, 0, 0, 1
2

(
ρAcj L j + Mb

)
g

}T
(5)

where Acj = equivalent cross-sectional area, and Mb = mass of buoy.
The time-dependent drag force of an element is given by Eq. (6).
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Pd(t) =
{

fd( j) − 1
2CdcScρw

∣∣U j (t) − V j (t)
∣∣{U j (t) − V j (t)

}

fd( j + 1) − 1
2CdbSbρw

∣∣U j+1(t) − V j+1(t)
∣∣{U j+1(t) − V j+1(t)

}
}

(6)

where Cdc is the drag coefficient of clump weight, Cdb, the drag coefficient of inter-
mediate buoy and, Sc is the surface area of clump weight. Sb represents- the surface
area of an intermediate buoy, while U j is the structural velocity matrix at j , and V j

= current velocity matrix at j .
Segment tension of the line is determined using (7) as presented in [13].

T k+1(τ + �τ) = T k(τ + �τ) − [�ψ(τ)]−1ψk(τ ) (7)

where ψ= segment length error vector, T k= tentative segment tension vector at the
k-th iteration, �ψ is the length error derivative matrix.

For each time step, the system of equation is solved until an acceptable conver-
gence of T k+1(τ + �τ) is obtained. Tentative tension is used as initial tension in the
previous step. Each node j is connected to the adjacent nodes j − 1 and j + 1.

2.2 FPSO Hull Hydrodynamics

During simulation, the platform is treated as a rigid body. The motion of the floating
system is expressed in a convolution integral form, since F(t) is not periodic with a
constant amplitude [14]. Thus, the time domain equation of motion is as shown (8):

[M + A∞]ä(t) + cȧ(t) + Ka(t) +
t∫

0

h(t − τ)ä(τ )dτ = F(t) (8)

where, M is the structural mass matrix, and A∞, is the added mass matrix at infinite
frequency. The symbol c stands for damping matrix, while K and h(t) are the total
stiffness matrix and acceleration impulse function, respectively.

Combining the vessel response with the mooring line equation, the time domain
equation of motion can then be described through the following:

[M + A∞]ä(t) = P(1)(t) + P(2)(t) + Pc(t) + Pw(t) + Pm (t) + PWD(t) + Phs (t) − cȧ(t) − Ka(t)

−
t∫

0

h(t − τ)ä(τ )dτ (9)



Numerical Validation of Hydrodynamic Responses and Mooring … 177

where, P (1), is the 1st order wave forces, P (2), the 2nd order wave forces, and Pc, is
the current hull drag force. In addition, Fw is the wind drag force, while Pm is the
mooring force and PWD is the wave drift damping force.

ANSYS AQWA solves the integrated system of hull-mooring using the coupled
time-domain analysis [12].

3 Numerical Modelling and Validation

3.1 Description of FPSO Model and the Mooring System

A turret moored FPSO operating in 1829 m water depth together with the mooring
systemwas adopted as presented in [3]. The FPSOmodel is very similar to those used
in the DeepStar study [15, 16] having an equivalent displacement of 186,051MT, a
draft of 15.12 m, and an L pp of 310 m. The turret is 15.85 m in diameter, positioned
at 12.5% of L pp from the forward and located at an elevation of 1.52 m from the hull
base. The general arrangement mooring system used in both Numerical (WINPOST)
and Experiment (OTRC) consist for equivalent mooring lines. However, in this study
12moorings lines as used in the prototypewas adopted [3]. Themoorings are installed
in 4 groups (G1, G2, G3 and G4) each consisting of 3 moorings 5o apart, i.e., 4 ×
3 configuration. Central mooring line of each group is 90o from the adjacent group.
Layout of the vessel and mooring lines is illustrated in Fig. 1. Each of the mooring
lines is made of three segments: chain-polyester-chain with the mooring parameters
as shown in Table 1.

The FPSO platform is subjected to the wave condition as illustrated in Table
2, which is a 100-year storm condition for the Gulf of Mexico comprising of a
unidirectional randomwave propagating in the direction from the vessel bow (where
the turret is located) to stern. The JONSWAP spectrummodel was adopted, given as:

S(ω) = ∝ g2γ 2

ω5
exp

(

− (5ω
4
p

4ω4

)

(10)

Fig. 1 FPSO-Mooring
layout with environmental
loading propagation
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Table 1 Environmental condition [3]

Parameter Units Value

Wave

Significant wave height, Hs m 12.19

Peak period, Tp s 14

Spectrum JONSWAP –

Gamma factor, γ – 2.5

Direction 0 180

Current

at free surface (0 m) m/s 0.9144

at 60.96 m m/s 0.9144

at 91.44 m m/s 0.0914

on seabed m/s 0.0914

Direction 0 210

Wind

Spectrum NPD –

Speed at 10 m above msl m/s 41.12

Direction 0 150

Table 2 Mooring line details [3]

Legend Top segment Middle segment Lower segment

Type Chain Polyester Chain

Diameter(mm) 95.3 160 95.3

Length (m) 91.4 2438 91.4

Wet weight (kg/m) 164.63 4.5 164.63

Effective Modulus (kN) 820,900 168,120 820,900

Breaking Load (kN) 7553 7429 7553

Normal drag coefficient, CDN 2.45 1.2 2.45

Normal added inertia coefficient, CIN 2.0 1.15 2.0

where,ωp = peak frequency, γ = peak enhancement factor and α = constant relating
the wind speed (0.0081).

The JONSWAP spectrum with a significant wave height of 12.19 m and a peak
period of 14 s was used, and the wind loading was generated from the NPD spectrum.
The mean wind velocity of 41.12 m/sec at 10 m height was used.
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3.2 Prediction of Wind and Current Coefficient

Prediction of wind and current coefficients for the prediction of forces and moments
acting on the FPSO was done using formulations provided in OCIMF 1994 [17].

Resultant wind force and moments acting on the moored FPSO at the respective
angle of attack are calculated using the following formulations:

FXw = 1

2
CXwρwV

2
wAT (11)

FYw = 1

2
CYwρwV

2
wAL (12)

MXYw = 1

2
CXYwρwV

2
wAT LBP (13)

where, FXw, FYw and MXYw stands for surge, sway wind forces and yaw wind
moment, respectively. CXw,CYwandCXYw are the wave coefficients to be extracted
from the OCIMF curves. Water density is represented by ρw. V 2

wand AT are the
current velocity and hull transverse area respectively. LBP is the length between
perpendiculars of the FPSO.

Corresponding current/moment acting on the FPSO was calculated using the
formulations

FXc = 1

2
CXcρcV

2
c L BPT (14)

FYc = 1

2
CYcρcV

2
c L BPT (15)

MXYc = 1

2
CXYcρcV

2
c L BPT (16)

Component of Eqs. 11, 12 and 13 are the same as highlighted in Eqs. 14, 15 and 16
but with “c” substituted as a subscript to represent current. In addition, T is the draft.

3.3 FPSO Hull Modelling

The 3D model of the FPSO hull with dimensions 315*47.17*28.04 m was modelled
inMaxsurf software thenmodified inDesignModeler, a component of ANSYSwork-
bench. The turret bed having a diameter of 15.2m and 1.52m thicknesswasmodelled
and connected to the FPSO hull. The modified model was imported to AQWAwhere
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mooring line configuration including line properties, hydrodynamic properties of the
hull was defined as shown in Fig. 2.

The mooring lines are hinged at distributed coordinates on the turret bed. Coor-
dinates of the moorings at the turret and seabed as modelled in AQWA are presented
in Table 3.

A sufficient mesh quality of a numerical model is required to ensure a quality
result. ANSYS AQWA specifies that panel size should ideally be 1

/
7th of the wave-

length. In this study, a max mesh size of 3.5 was used, with a defeaturing tolerance of
1.75 m, resulting in 9295 elements and 6577 diffracting elements as shown in Fig. 3.

Fig. 2 FPSO model with
mooring lines

Table 3 Coordinates of moorings at turret and seabed

Coordinates at turret Coordinates seabed

S/N X Y Z X Y Z

1 111.7847 5.3216 16.641 1145.8846 1506.287 1829

2 111.3191 4.9309 16.641 1272.4776 1390.7276 1829

3 110.8877 4.4995 16.641 1388.4787 1264.1346 1829

4 110.9081 4.4824 16.641 1388.4787 1264.1346 1829

5 111.3003 4.9497 16.641 1272.4776 1390.7276 1829

6 111.7505 5.3623 16.641 1145.8846 1506.4287 1829

7 120.7495 5.3623 16.641 1378.3846 1506.4287 1829

8 121.1997 4.9497 16.641 1504.9776 1390.5276 1829

9 121.6123 4.4995 16.641 1620.9787 1264.1346 1829

10 121.5716 4.4653 16.641 1620.9787 1264.1346 1829

11 121.1809 4.9309 16.641 1504.9776 1390.6276 1829

12 120.7495 5.3623 16.641 1378.3846 1506.4287 1829
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Fig. 3 Generated mesh of
numerical model

3.4 Numerical Validation

Thevalidation process focuses on static and free decay tests, hydrodynamic responses
of FPSO in 6DOF and mooring top tension.

3.4.1 Static Offset

Adequate line restoring force is required in preventing excessive vessel offset
resulting from mean and low-frequency environmental loading. Hence, the Static
offset test was conducted in AQWA imitating calm water (by suppressing wave,
wind and current in the analysis tab) to get the restoring behavior of the mooring
system.

The force-excursion relationship of the mooring system was obtained by incre-
mentally displacing the FPSO in the surge direction (using the starting position) and
the resultant horizontal force at each specified displacement recorded and manually
plotted.

3.4.2 Free Decay Test

Thenatural periods of floating platforms are greatly influencedby themooring system
characteristics in the horizontal plane (that is, surge, sway, and heave) [4]. Thus, it
is very significant to conduct a free decay test to determine the total damping of
the hull/mooring system [3]. The damping in the oscillations of a floating body
arises from the wave drift damping of the hull (wave radiation and diffraction). To
determine the natural periods, the FPSO was numerically displaced and released to
allow for oscillation in each of the degrees of freedom (DOF) considered. The test
was simulated using time domain in calm water (by deactivating wave, wind and
current in the analysis tab).
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3.4.3 Hydrodynamic Responses and Mooring Tension of Numerical
Model

The responses of the model in 6DOF were obtained by conducting time-domain
coupled analysis in AQWA. Diffraction analysis was performed to determine the hull
hydrodynamics including hydrostatics, added mass, radiation damping, diffraction
forces and QTF. The QTFwere taken into consideration in the analysis maintaining a
frequency range of 0.24 rad/sec to 1.8 rad/sec to account for second-order wave force.
AQWA utilizes the 3D radiation/diffraction method in the diffraction analysis by
employing the panel method in solving velocity potential. The time-domain analysis
was conducted for 12,000 s, in batches of 1800secs utilizing a time step of 0.02 s.

4 Results and Discussions

4.1 Static Offset

The comparison of mooring line restoring forces of AQWA and WINPOST in surge
direction is shown in Fig. 4 using force – excursion relationshipwhile Fig. 5 compares
corresponding tensions of the most loaded and least loaded mooring lines.

The comparison of results from Figs. 4 and 5 reveals strong agreement for both
simulations in terms of restoring force and mooring tension, with slight variations
of maximum difference of 3% for restoring forces and variations of 5% and 13%
respectively for the most loaded moorings and least moorings. In addition, the taut
line tension is observed to increases linearly with the surge static offset, while the
slacked line tension decreases in a non-linear pattern.

Fig. 4 Comparison of
restoring behavior of models
from WINSPOST and
AQWA
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Fig. 5 Comparison of
mooring tension in surge
static offset for WINPOST
and AQWA models

4.2 Free Decay Test

Figures 6, 7, 8 and 9 shows the comparison of free decay plots of AQWA and
WINPOSTmodels for Surge, Sway, Heave and Pitch are shown in Figs. 6, 7, 8 and 9.
The natural periods from the free decay plots and corresponding damping ratios of the

Fig. 6 Surge free decay
time series

Fig. 7 Heave free decay
time series
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Fig. 8 Roll free decay time
series

Fig. 9 Pitch free decay time
series

AQWA model compared very well with OTRC and WINPOST results as presented
in Table 4, thereby affirming proper numerical modelling of the referenced system.

From Table 4, the surge, AQWA records a slightly lower natural period, but
greater damping compared to OTRC and WINPOST. Overall, the results compare
well among the three tests, particularly with AQWA and WINPOST.

Table 4 Comparison of free decay test results

Periods(sec) Damping (%)

AQWA WINPOST OTRC AQWA WINPOST OTRC

Surge 205.2 204.7 206.8 3.7 4.4 3.0

Heave 10.8 10.8 10.7 4.5 11.8 6.7

Roll 12.7 12.7 12.7 3.2 0.7 3.4

Pitch 10.7 10.8 10.5 7.5 10.5 8.0
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4.3 Hydrodynamic Responses in 6DOF

Comparison of numerical simulation results fromAQWAwithWINPOSTandOTRC
is shown in Figs. 10, 11, 12, 13, 14, 15. Statistical comparison is also presented in
Table 4. Observing from the motion spectral density plots in Figs. 10, 11, 12, 13,
14, 15, the surge, sway, and yaw are seen to be dominated by Low Frequency (LF)
motions, while the heave, roll and pitch areWave Frequency (WF) dominated. Except
for the slight deviation observed, both LF andWF spectrums to a large extent agrees
well with the published result.

The Statistical comparison presented in Table 5 also compares well with the
published results. A variation of 1.564% and 9.301% was recorded in AQWA surge
mean value when compared with OTRC and WINPOST, respectively. For sway,
the AQWA mean value is 25% lower than the OTRC result and quite higher than
the WINPOST result. An increase of 9.345% and 14.813% in mean yaw value was

Fig. 10 Surge spectrum

Fig. 11 Sway spectrum
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Fig. 12 Heave spectrum

Fig. 13 Roll spectrum

Fig. 14 Pitch spectrum
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Fig. 15 Yaw spectrum

Table 5 Statistical comparison of hydrodynamic responses in 6DOF

Models Max Min Mean SD

Surge(m) AQWA
WINPOST
OTRC

4.44
2.29
6.30

60.22
61.30
54.10

20.77
22.90
21.10

7.97
9.72
8.78

Sway(m) AQWA
WINPOST
OTRC

11.2
13.1
10.9

20.04
21.4
13.6

0.48
0.09
0.64

4.55‘
4.57
4.05

Heave(m) AQWA
WINPOST
OTRC

8.33
10.9
9.11

10.45
11.3
9.52

0.11
0.14
0.06

2.92
3.08
2.81

Roll(o) AQWA
WINPOST
OTRC

8.2
3.5
9.57

7.26
3.6
8.77

0.06
0.1
0.08

1.45
0.9
2.18

Pitch(o) AQWA
WINPOST
OTRC

3.37
4.45
4.2

4.37
4.99
4.07

0.17
0.01
0.03

1.19
1.31
1.26

Yaw(o) AQWA
WINPOST
OTRC

15.21
3.4
8.69

29.72
24.6
23.3

18.37
16
16.8

5.03
3.8
2.46

recorded for OTRC and WINPOST, respectively. The variation observed between
AQWA results and WINPOST might be due to nonuniformity in modelling of the
FPSO hull or from the prediction of the wind and current coefficients or both. Except
for the major variation between AQWA and WINPOST mean values, the LF results
appears to agree well with the published results and in most cases, the AQWA result
is closer to experimental results (OTRC).
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An increase of 21.428% in the mean heave value of AQWA was recorded when
comparedwithWINPOST.However, amajor variation betweenboth numerical simu-
lations (AQWA and WINPOST) and the experimental result (OTRC) might be due
to possible variation in the hull drag coefficient. On the other hand, the mean values
of roll and pitch for the three models agree well. On a general note, comparing the
standard deviation of responses in all degrees of freedom reveals close agreement
with both WINPOST and OTRC.

4.4 Dynamic Mooring Tension

Figures 16, 17, 18, 19, 20 illustrate the tension spectrum of each mooring line group
(G1, G2, G3 and G4), mooring groups are illustrated in Fig. 1. While Table 5 shows
statistical comparisons of mooring top tensions for the three models. All simulations
results are converted from time series toSpectral density usingFast FourierTransform
(FFT).

Close observation of the line tensions spectra in Figs. 16, 17, 18, 19, 20 reveals that
LF components are also significantly higher than the WF components, showing that
the tensions are mainly influenced by the slowly varying surge and sway motions.
However, in Figs. 16 and 17, the WF components from WINPOST are observed to
be higher than both AQWA and OTRC for mooring line groups G1 and G2.

Responses of AQWA model reveals good agreement with the published results
in terms of mooring line tension. From Table 6, the OTRC statistical results tend
to be smaller for the taut side G3 and G4 but larger for the slack side G1 and G2.
This is mainly due to the distorted modelling of the OTRC truncated system [3].
It is also indicating that while mooring line restoring force in the surge direction

Fig. 16 Tension spectrum of
mooring group G1



Numerical Validation of Hydrodynamic Responses and Mooring … 189

Fig. 17 Tension spectrum of
mooring group G2

Fig. 18 Tension spectrum of
mooring group G3

can be matched, it is difficult to simulate the dynamic characteristics of a full-depth
system using a truncated model. It is also clear that the results of truncated lines
(OTRC andWINPOST) are higher than AQWA results. Variation between mean taut
side mooring lines of AQWA and OTRC is between 2 to 12% which is due to the
mismatch between truncated and full mooring length.

Considering the overall simulation results of the AQWA model, results are
generally found to be appreciably comparable with the referenced results.
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Fig. 19 Tension spectrum of
mooring group G4

Table 6 Statistical comparison of mooring tension

Group AQWA WINPOST OTRC

G1 (kN) max 5170 6360 5340

min 615 1900 733

mean 2363 3800 2760

SD 699 640 711

G2 (kN) max 5395 5560 5750

min 324 1410 529

mean 2540 3430 2660

SD 809 587 722

G3 (kN) max 11,006 8130 9710

min 3507 2930 3450

mean 7086 5600 6320

SD 1205 801 997

G4 (kN) max 11,011 10,400 10,700

min 3161 3680 3100

mean 6309 5910 6470

SD 1033 827 1080

5 Conclusions

Numerical modelling, analysis, and validation of a turret moored FPSO operating
in deepwater were conducted using ANSYS AQWA. Modelling of the FPSO hull
was initiated in MAXSURF Software and perfected in DesignModeler, respectively.
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While the turret mooring bed was also separately modelled in DesignModeler and
attached to the FPSO hull. The time-domain simulation was conducted for 12,000 s
and a time step of 0.02 s. Simulation results from the AQWAmodel consisting of 12
mooring lines were compared with simulation results (WINPOST) and experimental
results (OTRC) from the referenced paper, both consisting of 4 truncated equivalent
mooring lines.

The following specific conclusion can be drawn from the study:

(1) The AQWA simulation result is appreciably comparable with both experi-
mental and simulation results, thereby affirming proper numerical modelling
of the reference FPSO platform.

(2) The AQWAmodel can be used as a benchmark for further parametric study on
the hydrodynamic responses of FPSO,mooring tension and restoring behaviour
of turret moored FPSO operating in deep water.

(3) Simulation results indicated that FPSO responses in the horizontal plane (surge,
sway and yaw) are low frequency dominated, while heave, roll and pitch are
wave frequency dominated.

(4) The low-frequency components of themooring tension spectrum appear signif-
icantly higher than the wave frequency components, indicating that mooring
tension is significantly influenced by slowly varying surge and sway motions.

(5) Base on a comparison of AQWA results (with 12 moorings) and published
result results (with 4 equivalent moorings), the use of truncated moorings for
deepwater analysis can be justified.
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Architectural Value in Tanggam System
on the Traditional Malay House

Noraslinda Binti Abdul Rahman, Mohd Hamdan Ahmad, Rohayu Daud,
Siti Azira Abd Rahim, Nasrudin Sharkawi, Samsiah Abdullah,
Wan Nur Rukiah Arshard, and Sharifah Salwa Syed Mahdzar

Abstract In to preserve this great heritage, the Centre for the Study of Built Envi-
ronment in the Malay World (KALAM) has collected more than 600 buildings,
mostly using the tanggam system. Malay house construction has an architectural
value especially on the system used. Besides, features of traditional Malay houses
can be refined from their spatial structure, function rooms that make up the various
rituals and customs aswell as artistic carvings on them. Interestingly, the construction
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of the traditionalMalay house ismeasured using the humanbody scale. In general, the
height of the housing is according to the size of the man’s body (husband) while the
area and size of the house are preferred by the size of the woman’s (wife) hand. Other
than that, construction of Malay traditional houses according to local customs. Most
of the traditional Malay houses using wood in construction with the unique method
by applying the tanggam. ‘Tanggam’ system is a method of joining woods (Sabil
and Uterberta in Adv Mater Res 984–987, 2011). According to the understanding of
Malays, tanggammeans wooden building frame assembly in the experimental stage.
The full pronunciation is ‘tanggam-menanggam’, while the tanggam means insert
and match. The function of the use of tanggam is notched wood joints so close and
sturdy (DBP in https://prpm.dbp.gov.my/cari1?keyword=tanggam). This system is
shown the least exposed and documented as a reference in the construction of Malay
traditional houses. Based on the material in KALAM, this study will provide expo-
sure related to the types of tanggam as well as their installationmethods. The purpose
of the tanggam is to connect wooden structures, strengthen the construction, main-
tain the aesthetic nature of the building and it makes it easier for craftsmen to sew
and remove the construction because no nails are used. The researchers will share
about the construction of traditional houses belong to Daeng Haddadek bin Kafitang
Wallingah located in Johor, Malaysia. The original study of this house was from a
group of Universiti Teknologi Malaysia researchers to study and record informa-
tion related to this architecture in the year 2011. The study began with a qualitative
method that is by observation of the house. Then, a group of researchers obtained
information by conducting interview sessions with owners, local communities, and
local authorities. Next, they prepared a measurable drawing of the building. There-
fore, the study was continued by a group of new researchers who have expertise
in the field of architectural structure as well as evaluating its architectural value in
this paper at the same time sharing the available data as a reference to government
agencies, private agencies, stakeholder, researchers and others.

Keywords Tanggam ·Malay construction · Traditional house · Jointing · Daeng
Haddadek

1 Traditional Malay House

Malays strongly adhere to the characteristics of Islam to be the basis of behavior
and action, form and relationship, the essence of values, attitudes, and views [1].
Religion is a very important stake and creating a culture in Malay’s life with Islam
has grown and established in society. This affects the construction of their house
starting from the site selection, building orientation, and arrangement of space in it.
The house that will be discussed by the researcher in this study belongs to Daeng
Haddadek bin Kafitang Wallingah located in Pontian, Johor, Malaysia. The house
has 26 columns where all the columns do not have the same height based on their
position. Other than that, it has five stairs at the house; entrance, serambi to rumah

https://prpm.dbp.gov.my/cari1%3Fkeyword%3Dtanggam
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ibu, rumah ibu to jambatan, jambatan to kolong and at the back of house. As for,
the staircase at the front has a high aesthetic value. The stairs differentiate the level
of the space while each space has a different height according to the hierarchy and
use of the spaces. In addition, the number of stairs in this house has an odd number
based on Islamic influence [2]. Each movement should start with a right step and the
right foot will step in the house first based on the odd stair calculation. According to
local beliefs, if the position of the staircase faces the main road, it reflects the status
of the homeowner as an influential person while the main staircase located on the
side is a house belonging to common people (Fig. 1).

Daeng Haddadek house has the shape of a frigate and is symmetrical to the scale
used by theMalay community. TheMalays believe the height of the traditional house
affects the destiny of a family who inhabits a house. The house to be built will look
attractive if it is measured in a uniform and orderly. Commonly, tomeasure the height
of the house, the height of a man (husband) is used while for an area of the house, a
woman’s (wife) hand length is used as a measurement [3]. Daeng Haddadek house is
one example of aMalayhousewith a beautiful scale construction.Overall, this perfect
scale can be seen in the elevation design. The front elevation is shown as the most
important in the Malay house, the architecture has three windows each of which has
four panels. Other than that, the front of it has a serambi as a space to celebrate guests
with a balustrade made of wood as well as having very fine measurements. Malay
house is always cool because there are openings for natural lighting and maximum
ventilation. Interestingly, it can be seen that the design of the Daeng Haddadek house
has recurring elements in walls, doors, windows, decoration as well as roof. It makes
the design of this house more harmonious. All these elements have openings or holes
at the same time making the interior cozy and comfortable. The shape of the roof is
in the shape of a Limas roof meanwhile, the walls are made of connected wallboard
using a Tanggam system. In addition, Malay traditional houses built by adapting the
surrounding element including weather, construction technology, material, and other
spatial elements that are also influenced by the visual aspects of the dwellers to the
accommodation of spaces for the visitors into their home [4, 5] (Figs. 2 and 3).

2 Architectural Value in Tanggam System

Malay house construction method has a unique architectural value which tanggam
system is an important subject during its construction. Tanggam is notched wood
joints so close and sturdy [6]. Thesemethods have amajor impact on theMalay tradi-
tional house as it can dismantle, reassemble and relocate accordingly. The carpenter
uses this system because it is easily customizable at the experimental stage as it can
insert and match. Malay house using a skeleton structure of wood. The first part
erected was the Rumah Ibu before being followed by other spaces. Construction
began with the erection of columns and beams. Daeng Haddadek house has used a
column with a pedestal size is 25 cm× 25 cm. There are 22 concrete columns in this
house with a floral motif to raise the aesthetic. The main column is selected from the
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Rumah Ibu 
Main House 

Dapur 
Kitchen 

Bilik

Jam
batan 

Bilik 

Rumah 

A

Ser

Fig. 1 Floor plan of Daeng Haddadek house. Source Centre for the study of built environment in
the Malay world (KALAM)

finest wood as Tiang Seri was the first structure erected followed by other columns.
It is important to make sure the height of the house is appropriate. On the column is
placed a beam of Balau wood with a size 20 cm × 5 cm, tanggam temu is used as a
medium to connect these beams so that it can function as a beam with a strong frame
system. When the column, beams, and ceiling beams are completely installed then
the construction of the roof will be carried out, this house uses a limas roof. Next is
the installation of floor and wallboards (Fig. 4).
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Fig. 2 Front elevation of Daeng Haddadek house. Source Centre for the study of built environment
in the Malay world (KALAM)

Fig. 3 Right elevation of Daeng Haddadek house. SourceCentre for the study of built environment
in the Malay world (KALAM)

Three main components in theMalay house construction are building framework,
flooring structure, and roof structure [7]. Each component is supported by other sub-
components. To ensure the strength of these components; the connection systemmust
be neat, effective, and robust. Hence, this is where the architectural value of tanggam
is involved in the house. Zulkifli Hanafi stated that to ensure the stability of the
building, ‘tanggam tebuk’ system is the main connection used because this connec-
tion can reduce lateral and shear stress. There are several types of tanggam in Malay
house construction; Tanggam Melebar, Tanggam Pemidang, Tanggam Memanjang,
Tanggam Siku as each tanggam has its own cut shape according to the suitability of
the structure. Tanggam Melebar is used to connect pieces of small boards to wide
pieces of the board as furniture surfaces, walls, floors, and so on. Tanggam Pemidang
is used in the construction of a pemidangwooden frame shaped like the wooden part
is connected on the ends from edge to edge. Tanggam Memanjang is used when
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Rumah Ibu as the main space for 
family activities. This space structure 

was fist constructed before being 
followed by the addition of other 

spaces. 

Concrete column size 
20cm x 20cm with floral 
motif. Height 1.65m 
from ground level.  

Limas roof as the topmost 
structure built to protect the 
building from the effects of 
weather such as heat, rain, 
wind and dust. 

Jambatan serves as a bridge 
connecting Rumah Ibu and kitchen. 

Originally this space was not a roof, 
usually this space is used by female 

guests to enter the house.  

Serambi as an open space to 
receive guests and a place to 
relax. Its perimeter has a 
barrier so that the user is not 
down. 

Fig. 4 Construction structure of Daeng Haddadek house. Source Centre for the study of built
environment in the Malay world (KALAM)

connecting two pieces of wood to be made longer and Tanggam Siku making two
surfaces that meet in a way at right angles either an angle or a section middle (Figs. 5,
6 and 7).

3 Discussion and Conclusion

• Tanggam system is very cost and material-saving. In addition, tanggam is sustain-
able and resilient compared to other modern construction because the installation
of the house can be dismantling, reassemble and relocate for ‘open and install’ or
diverting as a whole.
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Fig. 5 Tanggam systems on
floor and wall installations.
Source Centre for the study
of built environment in the
Malay world (KALAM)

Tanggam Pemidang

Tanggam Pemidang

Tanggam Melebar

Tanggam Melebar

Fig. 6 Tanggam systems on
staircase structure. Source
Centre for the study of built
environment in the Malay
world (KALAM)

Tanggam Pemidang

Tanggam Pemidang

Tanggam Pemidang

Bevel Nail 
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Fig. 7 Tanggam systems on
roof structure. Source Centre
for the study of built
environment in the Malay
world (KALAM)

Tanggam Siku 

Tanggam Siku 

Tanggam Siku 

Nail 

Tanggam Siku 

• Wood was widely used in ancient times in a variety of daily activities including
the construction work in the Malay traditional buildings. Malay home builder’s
joinery to apply the system because the method is very flexible, can be changed
and adjust easily.

• The art of carpentry has a high architectural heritage value. Beauty Malay house
design is the result of an understanding of materials and techniques that are appro-
priate. Apart from the attractive design, the artisans of traditional Malay houses
also demonstrate proficiency and understanding of connecting a unique structure
in terms of durability, flexibility, effectiveness, and simplicity.
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Covid-19 Pandemic: Strategies
to Improve Daylighting and Visual
Comfort for Building Occupants

Fazidah Hanim, Azhan Abdul Aziz, Mayamin Yuhaniz,
and Sabarinah Sheikh Ahmad

Abstract Sufficient lighting has a substantial impact on the health, comfort, and
performance of building occupants. Researchers frequently focus on daylighting
for its psychological, physiological, and economic benefits to human well-being.
However, the COVID-19 pandemic demonstrated that these wellness considerations
are no longer optional features of a building, but rather a necessary component
of providing a comfortable and healthy living environment. Everyone must adhere
to the stay-at-home order to mitigate pandemic transmission. This study aims to
review the literature and recommends strategies thatwill improve building occupants’
daylighting and visual comfort. For the review, this study identified 41 peer-reviewed
journal articles using a keyword search followed by a filter based on SCOPUS and
Web of Science inclusion criteria. However, once the inclusion and exclusion criteria
were applied, only 31 papers were chosen for evaluation. Thematic analysis of these
31 publications revealed eight tentative criteria for effective daylighting in buildings,
categorised into three clusters: passive design, active design, and projected ideal
daylighting based on daylight simulation tests. The results demonstrate that a passive
design strategy provides improved illumination and is a more cost-effective way to
achieve appropriate daylight and visual comfort in a facility. Despite its limitations,
the study recommends the hybrid technique of passive and active design as a helpful
experimental tool for future research targeted to increase the interior environment’s
quality.

Keywords Daylighting · Visual comfort · Passive design strategy · IEQ
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1 Introduction

Through its dynamic luminous and thermal features, sunlight is a multisensory
phenomenon that can enhance occupants’ comfort, health, and connection to the
natural world [1]. The primary and most preferred source of illumination is daylight.
Daylighting helps reduce energy consumption, alleviate negative environmental
impacts, improve human performance, and increase building occupant’s productivity
[2, 3]. Daylight is increasingly becoming acknowledged as an important synchroniser
of circadian rhythms, as it connects us to the 24-h solar day. Daylight illumination
becomes a substantial source of illumination for the building’s interior areas [4,
5]. However, excessive natural light in the form of glare causes eye discomfort for
building occupants, which is why many owners opt for direct shading in building
operations management [6]. The shape of the building’s facade significantly affects
how much usable daylight reaches the interior space. The importance of daylighting
cannot be overstated for visual comfort and energy economy. Controlling lighting
through daylighting can aid in the reduction of energy use in buildings. The Green
Building Index (GBI) for residential projects includes daylighting as an important
criterion under the category of interior environmental quality, accounting for one-
quarter of the total points. A sustainable building design aims to maximise tenant
satisfactionwhileminimising the facility’s negative environmental impact [7]. Visual
discomfort from glare is a crucial issue in day lit buildings, yet a consensus on glare
indices and their criteria is difficult to achieve, as any objective values considered
must demonstrate a substantial correlation with occupant experience.

The Health Ministry stated that the work-from-home directive is being imple-
mented to control the increase in Covid-19 cases in Malaysia, noting that the Health
Ministry has identifiedmultiple Covid-19 clusters involvingworkplaces, particularly
in high-density areas such as Selangor and Kuala Lumpur. Malaysia’s government
recently increased the value of home-based offices in order to encourage residents to
work from home [8]. During the day, workers generally undertake desk-related tasks
(reading, writing, and computing) at their home workrooms [9, 27]. Thus, visual
comfort is vital in residential constructions just as it is in commercial structures.
While previous research in Malaysia on daylighting has focused on office buildings,
this study analyzes strategies for improving daylight in domestic buildings.

This study asks a research question—what is the strategy to improve daylight and
visual comfort for building occupants? Hence this study aims to review the literature
and recommends strategies that will improve building occupants’ daylighting and
visual comfort.
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2 Methodology

This study adapted the research approaches of Zairul [33] and Azril et al. [4] for
methods to perform a systematic review of the literature. The first stage is a compre-
hensive evaluation of research articles to ascertain the current trend of academic
understanding surrounding daylighting in buildings. Published articles are retrieved
from SCOPUS and Web of Science websites using the keywords “Daylighting” and
“Visual Comfort,” as indicated in Table 1.When the results of the two databases were
combined, this resulted in approximately 41 articles. Four papers were deleted due
to the review’s restriction to peer-reviewed journals and theses, as well as the identi-
fication of multiple duplications. Following that, Tables 2 and 3 detailed the papers
evaluated and published within the last five years (2017 until 2021 inclusively). After
removing duplicates and reviewing all abstracts, a total of 31 papers were chosen for
analysis.

Table 1 Search strings from Scopus and web of science

Databases Keyword used

SCOPUS TITLE-ABS-KEY (daylighting AND visual AND comfort
AND effects AND building AND occupants) AND (LIMIT-TO
(PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020) OR
LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR,
2018) OR LIMIT-TO (PUBYEAR, 2017)) AND (LIMIT-TO
(DOCTYPE, “ar”)) AND (LIMIT-TO (SRCTYPE, “j”))

14 results
screening: 13

Web of Science (((TS = (daylighting)) AND TS = (visual comfort)) AND TS
= (effects on)) AND TS = (building comfort)
Refined By:Publication Years: 2021 or 2020 or 2019 or 2018
or 2017Document Types: ArticlesLanguages: EnglishResearch
Areas: Architecture or Science Technology Other Topics or
Engineering

27 results
Screening: 18

Table 2 The inclusion and exclusion criteria

Criteria Inclusion Exclusion

Timeline 2017–2021 2017 and before

Language English Non-english

Document type Article Article Review, Conference Proceeding, Chapters in Book, book
series

Table 3 The theme according to year

2017 2018 2019 2020 2021

External strategy 3 1 6 7 2

Internal strategy 2 1 – 2 1

Simulation studies 2 – 3 – –



206 F. Hanim et al.

Following that, ATLAS.ti 8 tool was used to import and create primary docu-
ments for all 31 metadata. Numerous groupings within the code group were initiated
automatically as a result of the information generated in Mendeley, as demonstrated
in Fig. 2. ATLAS.ti 8’s classification has streamlined and standardised the sorting
process. During the initial round of coding, the study generated 11 initial codes.
Later, the codes were divided into numerous themes. Then the codes are merged
into a final set of three primary categories to address the research question “What
is the strategy in improving daylight and visual comfort for building occupants?”
Then they were combined into a final set of three major categories which are passive
design, active design, and daylighting simulation studies as shown in Table 4.

3 Results and Discussion

Active strategies are primarily concerned with energy consumption, whereas passive
strategies include building orientation, air sealing, continuous insulation, window
openings and daylighting, and designing a structure to utilise natural ventilation
and natural lighting. Passive design strategies utilise natural sources of heating
and cooling, such as the sun and cooling breezes. Passive design is accomplished
by correctly positioning the buildings within its site and meticulously planning
the building envelope (roof, walls, windows and floors). Well-designed building
envelopes prevent unwanted heat gain and loss. The term “external strategy” refers
to a method of daylighting and designing the shell and core of a building by utilizing
exterior features. These include shading devices, fenestration design, daylighting
methods, and material selection.

Dynamic solar shading is commonly used as a strategy to control overheating
in well-insulated residential structures while allowing for appropriate daylight and
solar irradiation [12]. In Swiss, electric illumination consumes around one-fifth of
the energy utilised by buildings. Sun shading and artificial lighting control integrated
into a single system can reduce this demand while maintaining user comfort [13].
Moreover, the authors examined the effect of exterior shade systems on cognitive
function, attentiveness, and visual comfort of visual display terminal (VDT) users
in two realistic workplace lighting conditions [4]. However, one shortcoming of
contemporary building control systems is that they disregard one of the most crucial
aspects of human-centric lighting: visual comfort (Fig. 1) [13].

Rapid urbanisation raises the need for skyscrapers, which typically contain reflec-
tive materials on the building’s front for aesthetic purposes [14]. Dynamic elec-
trochromic (EC) windows are the next generation of adaptive facades; they use an
external voltage to dynamically control the quantity of sunlight and solar energy
entering buildings. Windows play a crucial role in determining a building’s energy
balance and environmental impact. These structural components are being optimised
by emerging technology [15]. On the other hand, outdoor glare or reflected bright-
ness from a highly reflective building front may cause visual and thermal discomfort
to inhabitants of adjacent buildings and pedestrians. This condition can create an
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Table 4 Document to a theme

References Passive design Active
Design

Day-lighting
Simulation
Studies

External strategy Internal
StrategyShading

devices
Material Daylighting

Approach
Fenestration

1 Skarning
et al. [26]

/

2 Chinazzo
et al. [9]

/

3 Leccese et al.
[19]

/

4 Gutierrez
et al. [13]

/

5 Ishak et al.
[16]

/

6 Bas and
Kazanasmaz
[5]

/

7 Motamed
et al. [22]

/

8 Ma’bdeh and
Al-Khatatbeh
[20]

/

9 Freewan and
Al Dalala
[11]

/

10 Sun et al. [28] /

11 Giovannini
et al. [12]

/

12 Alawadhi [2] /

13 Pan and Du
[23]

/

14 Potocnik and
Kosir [24]

/

15 de Vries et al.
[10]

/

16 Cannavale
et al. [8]

/

17 Toftum et al.
[29]

/

18 Wagdy et al.
[31]

/

19 Lapisa et al.
[18]

/

(continued)
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Table 4 (continued)

References Passive design Active
Design

Day-lighting
Simulation
Studies

External strategy Internal
StrategyShading

devices
Material Daylighting

Approach
Fenestration

20 Bian et al. [7] /

21 Hosseini
et al. [14]

/

22 Abboushi
et al. [1]

/

23 Bas and
Kazanasmaz
[5]

/

24 Vaisi and
Kharvari [30]

/

25 Zomorodian
and
Tahsildoost
[34]

/

26 Yi et al. [32] /

27 Im [15] /

28 Basurto et al.
[6]

/

29 Amundadottir
et al. [3]

/

30 Jones and
Reinhart [17]

/

31 Mangkuto
et al. [21]

/

Totals 4 2 6 7 4 2 6

Fig. 1 The flow diagram of the study
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Fig. 2 The network view according to themes

unwanted glare for people on the exterior of the structure. In tropical climates, glare
is more apparent due to the year-round availability of solar energy (Fig. 2) [14].

The building envelope, and more specifically the fenestrations, are the primary
interfaces between the inside and outside environments. As a result, an effective
shade structure for windows is highly desirable, as it may provide adequate illumi-
nation while maintaining an acceptable level of visual comfort via glare manage-
ment. Static daylight management systems are frequently designed to darken the
façade completely or to admit and divert sunlight to the interior. Dynamic control
systems modify the amount of sunlight absorbed with the assistance of users or the
mechanical system [16]. While adding skylights to low- to high-rise buildings could
reduce energy consumption through daylighting, it might also increase the indoor
temperature and occupants’ thermal discomfort [17]. Early research demonstrated
that respondents’ glare perceptions are not continuous, meaning that conventional
shading control logic may be irrational and erroneous [6].

To enhance internal comfort and energy efficiency, significant developments in
the design of glass facades and window systems have resulted in enhanced thermal
resistance while maintaining daylight access [18]. Due to its ability to adjust its
optical properties in reaction to changes in material temperature, thermochromic
switchable glass has gained popularity among dynamic building envelope systems
to reduce energy consumption in tertiary buildings [19]. Thismaterial permits passive
solar loadmanagement, and so the performance of thermochromic glass is contingent
on successful material design.

The geometrical qualities of a building’s windows play a crucial role in providing
and diffusing daylight [5]. Windows are crucial as they help reduce energy consump-
tion related to electrical lighting and enhance the indoor visual experience [7].
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Balancing tenant visual comfort and daylight consumption is always tricky. There-
fore, investigating complex, geometric forms screens such asOrosi patterns can be an
excellent strategy for encouraging visual comfort while also improving aesthetics.
Orosi serves three separate tasks in Iranian vernacular architecture as a daylight-
related component: daylight performance, heat performance, and decorative role
[20]. Apart from that, complex fenestration systems (CFS) are often put on the upper
area of a window to improve the dispersion of sunlight inside [21].

Increased heat gain and a visual discomfort environment may arise from excessive
sunlight penetration through the windows. As a result, external shading devices, such
as solar screens control the quantity of sunlight that enters and therefore mitigates
its negative effects [7]. One gap in the current body of knowledge on solar exposure
is the lack of investigation of sunlight patterns and their potential impact on visual
comfort [1]. The objective is to increase the potential for buildings to make the best
use of direct and diffuse natural light while maintaining and improving occupant
visual comfort, particularly at greater distances from peripheral walls [5]. With the
advent of improved fenestration and daylighting systems, it is necessary to create
better measuring and analytic tools to aid in daylighting optimisation. Due to their
additional solar protection role, their use may assist offset the detrimental effects of
daylight admission, particularly in buildings located in mostly sunny climates prone
to glare and heat [21].

Lighting’s Correlated Colour Temperature (CCT) may affect occupant visual
perception and perceptions of other characteristics of the interior environment, such
as thermal climate or air quality [22]. In evaluating luminous surroundings, high
dynamic range (HDR) photography using a fisheye lens has opened new paths
for visual comfort research [23]. The measurement of visual discomfort using
photographs has a significant potential for detecting glare and estimating occupant
satisfaction within a space [24]. The effects of temperature-colour interaction on
subjective perception and physiological responses are investigated using a novel
hybrid experimental design that incorporates thermal and visual stimuli from both
real and virtual reality (VR) environments [25]. The majority of research has focused
on post-calibration vignetting correction in high dynamic range (HDR) imagery.
However, the lens projection contributes to the defects in luminous maps due to its
inherent distortion. Currently, there is no simple way for resolving this distortion
issue in glare analysis [23]. For glare analysis, precise calibration is essential to
acquire accurate luminous maps and reliable glare data. Architects must be able to
foresee glare through renderings, not photographs, when designing buildings with
occupant visual comfort in mind [24].

The right materials selection and daylighting approach can improve daylight
intake and maintain good visual perception in the building. According to Potocnik &
Kosir [24], a more spectrally neutral non-visual environment can be created using
materials with a higher spectrally neutral transmissivity or reflectance than thosewith
spectrally non-neutral properties but a lower transmissivity or reflectance. Further-
more, Gutierrez et al. [13] stated that the proposed louvre system could supply suffi-
cient sunshine and visual comfort within the area, while ceramics are proven to be a
goodmaterial for fabricating complex daylighting systems.Meanwhile, Freewan and
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Al Dalala [11] reported that lightshelf, anidolic daylighting systems, and windows
at the rear areas of the glazed corridor worked better in terms of increasing the light
level by an average of more than 100% in the rear portion.

The fact that the amount of daylight varies significantly depending on the window
geometry and sky conditions, as stated by Ramesh and Ramachandraiah [25], moti-
vates (i) the exploration of fractal patterns suitable for window designs and (ii)
the quantification of the effect of fractal windows using the relationship between
the fractal pattern, size, orientation, and glazing properties. Additionally, there is a
strong correlation between daylight availability, solar exposure, and the probability
of glare. Furthermore, optimisation of daylighting parameters such as illuminance
and glare shows a clear correlation between the case study location and its associated
sun angles and the performance of the shading structure, asYi et al. [32] demonstrated
in their studies of auxetic structures and advanced control systems.

In terms of daylight simulation programme, according toAmundadottir et al. [3], a
parallel and comparativemethod to daylight simulation enables the designer to adjust
the architectural space based on the program’s use and the needs of the occupants.
Additionally, Jones & Reinhart [17] demonstrated that by applying Accelerate, it is
possible to achieve a speedup of between 16 and 44 times faster than RADIANCE
when making accurate glare predictions. The modelling framework presented here
can be used to assess the performance of alternative switchable glazing technologies.

Based on the studies carried by Bas and Kazanasmaz [5], Zomorodian and Tahsil-
doost [34] andAmundadottir et al. [3], it can be concluded that the implications of this
study can assist architects in obtaining feedback on how to save energy for each final
energy use (heating, cooling, and lighting) reduction in window space and commu-
nicating this message to their designs via suggested optimal wall to window ratios
(WWR). The findings indicate that daylight and glare thresholds should be recon-
sidered based on global field surveys, as occupants’ ability to adapt to increased or
decreased amounts of daylight may differ culturally and geographically. A compar-
ative and parallel method enables the designer to tailor the architectural space to the
program’s intended function and the requirements of the occupants (Fig. 3).

4 Conclusions

In summary, given Malaysia’s rapid growth of home-based businesses, it is vital to
enhance the interior visual comfort of existing residential buildings, which account
for the vast majority of building types in the country’s central urban zones. Apart
from commercial buildings, it is necessary to examine existing residential structures
for visual comfort and daylighting design. This study centered on passive design in
tropical climates, a way to building design that makes use of the structure’s archi-
tecture to reduce energy usage. Thus, the goal of this paper was to provide tech-
niques for boosting daylighting and visual comfort in existing residential buildings
in Malaysia’s internal region of tropical daylight.
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Fig. 3 A network view on how to answer research questions through thematic review

Thenetworkview, depicted inFig. 3, shows the relationships between the three key
clusters that contribute to the study topic. Passive design, active design, and a study of
daylight simulation are included in these clusters. Under passive design, the cluster
represents external strategies that represent the daylighting approach appropriate
for the building architecture, whereas the internal strategies encompass the design
elements that contribute to enhancing the distribution of daylight within a space
through approaches such as material and colour selection. This is illustrated further
in Table 4, which shows the categorization of publications according to theme. Using
this table, the researcher previously investigated the usefulness of passive design
strategies for boosting daylighting and visual comfort within a room. It collects
solar energy naturally, requiring a negligible amount of primary energy and leaving
sufficient energy for future generations without causing significant environmental
impact. Fundamentally, passive measures are employed to mitigate the impact of a
building on the surrounding environment.While daylighting is a vital design strategy
that must be included from the start, retrofitting existing structures is another way to
boost daylighting.
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The Impact of Wind Behavior
on University Building Configurations
in Iraq

Aqeel Qusay Al-Mosawi and Ali Hussein Khan

Abstract Recently, wind flow behavior surrounding buildings (Pedestrian Level
Wind (PLW)) is gainingmore attention among researchers and architects. The current
study focuses on building configurations thereby generating various cases depending
on analysis of wind variables. Some Wind flow around buildings poses problems
and inconvenience for the inhabitants of the buildings. In university campuses in
Iraq there are many issues observed in the building design process, like buildings
arrangement, shapes and the orientation of the blocks which affects wind flow around
these buildings. For this study, the researchers depended on simulation program anal-
yses to obtain the optimal results of outdoor air movement guidelines and employed
Kufa University buildings in Najaf-Iraq as a case study through generating three
cases of buildings configurations on PLW by using Autodesk Computational Fluid
Dynamics (CFD) simulation. The study outcomes concluded that the impact of
different building configurations have an important effect on PLW and also, deter-
minedwhether areas in outdoor spaces of the buildings are comfortable or not. Hence,
this may assist urban designers and architects to develop university campuses suited
to the local environmental conditions.

Keywords Pedestrian level-wind (PLW) · Building configurations ·
Computational fluid dynamics (CFD) · University campuses

1 Introduction

Wind effects on buildings can be harmful or uncomfortable to both the indoor and
outdoor environments. In urban areas, pedestrian-level wind plays a direct role in
people’s daily life. It affects the thermal comfort of the pedestrians, the dispersal of
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traffic-related wind, the efficiency of natural ventilation, and the pollutants around
buildings. In Iraq in order to provide the best outdoor thermal environment in the
urban areas, wind effects surrounding buildings are of vital importance [1]. Ali et al.
[2] presented experimental datawhich are considered as a basis for the urban planning
or design of different wide zones.

Nowadays this is a challenge that is regularly encountered by engineers, architects,
and urban designers. Of concern are wind effects, natural or man-made on ventilation
of buildings; ventilation in urban areas, the air quality and pedestrian comfort. There-
fore, to supply a comfortable environment, it is important to consider the reciprocal
relationship between the shape of the building and the airflow. Considering all the
above-mentioned aspects, although the most common shapes of building configura-
tions are (L- and U-shaped), studies for such shapes are very limited at the local level
under different wind directions [3]. Different studies addressed the relation between
the wind behavior and building configurations. Stathopoulos and Zhou [4] in their
study on buildings with sharp corners, employed numerical simulations to anticipate
the wind pressure on all the sides of the building, whereas Gomes et al. [3] explored
the wind impacts on (U and L-shaped) building samples using wind tunnel testing as
well as numerical simulation methods. Gu [5] conducted tests on 27 typical models
of high buildings and evaluated the attributes of wind forces with regard to all the
building models through a wind tunnel method. Cluni et al. [6] and Li et al. [7] used
high order moment statistical analysis to compare the wind impacts on irregular and
regular high constructions by. A further numerical study by Gomes et al. investi-
gated velocity field and surface pressures using wind tunnel study, respectively in
respect of irregular-building (U- and L-) shapes [8]. The study observed that pres-
sure distribution may frequently alter with the wind incidence angle and building
shape. Consequently, for these irregular-shape buildings, the numerically acquired
flow behavior in direct surrounding area regarding inner-faces are correspondent
with the distributions of measured pressure. Iqbal et al. [9] proposed that the recent
importance of wind pattern modeling in urban areas comes as a result of an increase
in high-rise buildings and urbanization. They found that the building arrangement
which is close to square-shaped resulted in agreeable wind velocity zone at lower
aspect ratio. Nevertheless, a high wind velocity zone has been occasionally noticed
which is desired for contaminants dispersal. In respect of both high and agreeable
wind velocities zones, L-shaped and U-shapes configurations created higher-level
yield due to unconstrained airflow because of open spaces for all the sides of the
building.

Building design processes currently employ outdoor wind comfort analyses and
various numerical techniques have been employed around outdoor buildings within
the pedestrian level and at the canopies to estimate the patterns ofwind-flow, [10–12].
Advancements in modeling techniques enable the use of parameters of the building
during the design stage like orientations of building and separation based on the
patterns of wind flow in the respective area, these parameters in the respective area
lead to a direct effect on the wind-flow patterns hence altering the surrounding wind
environment. Some research has been conducted dependingonoutdoor investigations
to create convenient wind movement around buildings. As an example Stathopoulos
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[13] tested the criteria of all existing outdoor comfort like air, temperature, rela-
tive humidity affecting thermal comfort around various buildings, and wind speed.
Blocken et al. [14] revealed a comprehensive analysis of PLW environment evalu-
ations from 1960 onwards. Additionally, Some researchers emphasised on outdoor
thermal comfort standards and wind assessments like Yang et al. [15] who suggested
a way to set up a full comforts index. Stathopoulos et al. [16] suggested PLW comfort
standards and debated a baselinemethod for the design of the buildings. Blocken et al.
[17] presented some recommendations to the current PLWstandards. The intensity of
wind affects the environment of outdoor spaces of buildings in different aspects such
as wind noise, ground-level wind acceleration, pedestrian comfort, and vegetation
[18].

To investigate the behavior of wind flow, some of the methods that are used
widely are the experiments of wind tunnel or field investigations, which are both time
consuming and expensive. A breakthrough in wind engineering came with advance-
ments in computational power especially computational fluid dynamics (CFD).
Nowadays, this computer program (CFD) is a substitutional tool for research and
for examining outdoor wind flow between the buildings. In wind engineering, CFD
matched with a virtual wind tunnel proves flow physics across the building and
has abilities to produce environmental flows. The examination of wind through an
urban configuration in the lower part of the buildings [19] is vital in numerous wind
environmental problems, including pedestrian comfort, air pollutant dispersion, and
natural ventilation design [12, 20]. In their investigation of urbanwind environments,
a considerable number of studies have adopted CFD dynamics with the expansion of
computing resources and grid-generation techniques [21, 22]. The CFD simulations
accuracy depends on several aspects: representation of conditions and computational
domains are necessary to get real time outcomes [23]. The wind flow in urban spaces
is oftentimes influenced by the buildings due to the channeling, sheltering effects, and
buffeting particularly in urban areas [24, 25]. Van Hooff and Blocken [26] Noticed
that to obtain accurate results, it is important to construct a sensible representation
of the surroundings in the CFD simulations, thus concluded that the change in air
rate per hour in a building was extremely dependent on the shape of the buildings
[27]. The CFD procedure in wind scientific studies was established by many global
engineering associations through pioneers which led to development of the CFD
applications [19, 28–30].

Themain aimof this paper is to find a suitablemethod to assess the effect of airflow
under hot dry climate conditions on different building configurations depending on
wind conditions analysis at PLW. This is of importance because previous studies in
Iraq have not fully determined the relationship between the urban configuration and
wind flow at PLW, or the total of constructions allowed nearby a target model in a
real urban area. The airflow around several buildings is considered more complex
than that around isolated buildings which results in a recirculating airflow in the
outdoor spaces across the building. Thus, the different wind behaviors may affect
the occupants at the pedestrian level.
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Fig. 1 The boundaries of
Kufa University campus [31]

2 Research Methodology

The study discusses the current practices of wind flow and its impact to the building
architectural design in the university campuses in Iraq, which is a country charac-
terized by its dry and hot prevailing climate. The case study was executed in the
Kufa University campus which is located in Najaf government, 100 miles south of
Baghdad as shown in (Fig. 1). Consequently, the study presented the researchmethod,
which is a qualitative method and case study research by applying Autodesk© 2018
CFD simulation software. The study applied numerical simulation to investigate the
different building configurations regarding wind flow behavior between the architec-
tural mass models. The (k-ε) turbulence model is used in Autodesk CFD to analyze
wind flow conditions during the simulation process.

The data have been taken from the meteorological organization in Al-Najaf which
includes the records of weather data. The data collections and many scenarios in the
case study were simulated to obtain the best results. At the end of the research,
the investigations presented different outcomes for the case study by using special
software such as Revit Software to form buildings models and after that using CFD
simulation software to evaluate the input data.

3 Analysis Scope for Buildings Configurations by Using
Autodesk CFD Software

Building models configurations were simulated by using Autodesk CFD simulation.
Figure 2 shows all three scenarios, Configuration 1 includes six building blocks,
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Fig. 2 The measurement positions at 1.75 m from the ground on the university campus

and configurations 2, and 3 consists of two and three building blocks, respectively.
The number of building blocks and the blockage effect on wind circulation were
investigated by representing wind velocity positions as measured points during the
simulation process. The buildings models represent the university campus building
blocks in the case study and they have been fabricated at full scale as shown (Fig. 2).
However, the study conducts only wind flow parameter.

In 2019, the average annual rate of wind speed was approximately 2.1 m/s
according to theMeteorological Organization inNajaf. The prevailingwind is North-
West direction in order to determine the outdoor wind conditions to the simulation
process. Hence, thewind direction andwind pressure are considered during the simu-
lation process in the case study. The computational domain comprised the height and
width in CFD simulation at full scale in the Kufa University campus modeling. The
highest building in this model is 12 m. Based on the surface-grid extrusion tech-
nique, the grid of computational domain was generated as recommended by Van
Hooff and Blocken [32], which enabled maximum control over the grid quality and
its individual cells that comprised the tetrahedral cells (as shown in Fig. 3).

Fig. 3 The computational domain dimensions and boundary condition for three scenarios
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Table 1 The standard of Land Beaufort that showing wind impact on humans at the pedestrian
level [14, 34, 35]

Beaufort number Description Wind speed at 1.75 m height
(m/s)

Effect

0 Calm 0.0–0.1

1 Light air 0.2–1.0 No noticeable wind

2 Light breeze 1.1–2.3 Wind felt on face

3 Gentle breeze 2.4–3.8 Hair disturbed, clothing
flaps, newspaper difficult
to read

4 Moderate breeze 3.9–5.5 Raises dust and loose
paper, hair disarranged

5 Fresh breeze 5.6–7.5 Force of wind felt on body,
danger of stumbling when
entering a windy zone

The study evaluated the outdoor thermal comfort at the PLWaround the case study
configurations using the Land Beaufort’s standard. The range speed of 1 m/s–3.8 m
is considered themost comfortable and acceptable speed for the building’s occupants
and outdoor thermal environment at the pedestrian level [33]. Table 1 presents the
standard of Land Beaufort that showing wind impact on people at the pedestrian
level [14, 34, 35]. Generally, the study shows various choices to get optimal results.

4 Results and Discussion

The simulation has been conducted for three different scenarios by Autodesk CFD
simulation so as to define the outdoor thermal environment at the pedestrian level.
In the Kufa University Campus, the buildings configuration is nearly integrated with
the outdoor space in which the perimeter constructions shape the essential enclosure
of the outdoor space in scenario 1. U-shaped building configurations are linked up
by connecting the architectural elements to create spatial transition.

Figure 4 presents the wind velocity effects on outdoor buildings with eight points
at PLW.Thewind speed in P1, P2, P4, P6, and P8 is about 1 to 1.8m/s at the pedestrian
level height of 1.75 m, which is within a comfortable range. Apparently, some areas
especially in P5 and P7 had a rather large calm zone which is lower than 0.8 m/s in
the most time because it is situated under blockage effect and the prevailing wind
can’t smoothly exceed throughout outdoor spaces. Thus, the U-shaped configuration
had a negative outdoor thermal comfort impact regarding natural ventilation which
resulted in a poor wind environment and created a rather large calm zone in most
places on the campus.

In respect of most measured points regarding closed-shaped buildings, the wind
velocity in P1, P2, and P5 was 1.2 to 2,2 m/s which are considered quite agreeable as
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Fig. 4 The result of scenario
1 by using Autodesk CFD
simulation

(Fig. 5). While the wind velocity in P3 and P4 was lower than 1 m/s. This is because
the building shape has a massive block of convective air in outdoor spaces which
cause a poor wind environment, and creates a rather large calm zone at the pedestrian
level.

In contrast, the study results spotted that usage of L-shaped configuration
enhanced the wind speed in most areas as shown in (Fig. 6). In most measured
points, the wind speed exceeded from 1.6 to 2 m/s at the pedestrian height of 1.75m.
These values are considered within a comfortable range according to Table 1. Thus,

Fig. 5 The result of scenario
2 by using Autodesk CFD
simulation
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Fig. 6 The result of scenario
3 by using Autodesk CFD
simulation

the wind velocity has been influenced by the shape of the building configuration to
change the thermal comfort in outdoor spaces.

In general, the result of this study evaluated the outdoor thermal comfort at the
PLW by using the Land Beaufort’s standard [14, 34, 35] as shown in Table 1. The
comparisonwas conducted byusingU-shaped, closed-shaped, andL-shapedbuilding
configurations with the previous studies. Gomes et al. [8] study concluded that distri-
bution of pressure wind could extremely alter with the shape of building and the flow
patterns are unchangeable especially near to inner faces of buildings configurations
which is correspondent with the results of buildings configuration applied in this
study. In contrast, the flow patterns are obviously different especially near to inner
faces of L-shaped configurations. Iqbal et al. [9] pointed out that U- and L-shaped
configurations created higher outcomes due to the unlimited wind flow resulted by
open outdoor spaces. However, the study results of this paper observed that usage
of L-shaped configuration enhanced the wind speed in most areas and it is consid-
ered within a comfortable range according to Table 1. Regarding the square-shaped
building configuration, this resulted in high wind speed area which is considered
unstable [9]. The results of previous studies to some extent agree with the results
of this study which were attributed to the building shape with a massive block of
convective air in outdoor spaces that causes a prevailing poor wind environment, and
create a rather large calm zone at the pedestrian level. Thus, the investigation results
for the study could be more suitable for application in a hot dry climate.



The Impact of Wind Behavior on University … 223

5 Conclusion

This study carried out Autodesk CFD simulations of outdoor thermal comfort in
the Kufa University Campus to determine the thermal behavior of wind flow around
buildings with different shapes and configurations. The paper discussed three types
of buildings configurations, namely U-shaped, L-shaped, and closed-shaped in order
to present some concepts for generating optimal wind environment in PLW. The
study concludes that the wind velocity was influenced by the shape of the building
configuration which in turn affects the thermal comfort of outdoor spaces at PLW in
the buildings of university campuses in Iraq. Consequently, it will give the architects
comprehensive viewpoint to create sustainable architectural design for buildings in
university campuses.
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Development of Corrosion Hazard Map
in Peninsular Malaysia Using Inverse
Distance Weighting (IDW) Interpolation

Nur Fadilah Adriyanshah, Nor Hazwani Nor Khalid, Fathoni Usman,
Aina Shazwana Mohd Izhar, Jamry Abd Jawas, and Wan Nazri Wan Jalal

Abstract The combination of extreme weather conditions and economic activities
has increased the number of corrosive agents in the air. This phenomenon will lead
to rust formation in various assets, such as vehicles and steel properties. A Corro-
sion Hazard Map of Peninsular Malaysia was produced by considering parameters
from climate and wet deposition information that influenced atmospheric corrosion:
wetness, rainfall, chloride, nitrate, and sulphate. The inverse distanceweighting inter-
polation technique was applied to generate the map. The study discovered that the
corrosion rate at the southern and central part of Peninsular Malaysia is at level five,
while the highland area is at level one. The Corrosion Hazard Map produced from
this study would become as additional information that possibly will benefit various
sectors such as metal industries, construction, land development, automotive coating
technology, and others.

Keywords Atmospheric corrosion · Corrosion hazard map · Geographical
information system · Corrosion rate · Inverse distance weighting

1 Introduction

Atmospheric corrosion which will cause structural deterioration has generally
affectedmultiple sectors of the economy, such as transportation (vehicles), communi-
cation (electronics), and infrastructure (bridges, transmission towers, and roads). This
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phenomenon happens when electrochemical processes occur, where the cathodic and
anodic reactions occur as electrolyte film accumulates on the surface of a metal,
thereby fostering it [1]. Atmospheric corrosion happens mainly in damp environ-
ments, where relative atmospheric humidity sees relative humidity equilibrium over
another saturated solution found on the surface of the metal [2]. Furthermore, atmo-
spheric corrosion only occurs with a thin aqueous layer formed on the surface
material.

Past research has revealed that multiple environmental factors have simultane-
ously influenced the process of atmospheric corrosion, such as relative humidity,
temperature, solar radiation, precipitation, wind, and pollutant [1–4]. Atmospheric
corrosion is also greatly differing in the environments. Field test studies showed that
industrial and coastal areas had the highest corrosion rate. In contrast, the urban and
rural areas had a lower corrosion rate than industrial and coastal [3–7]. The high
corrosion rate in the industrial and coastal areas is due to the high concentration of
pollutants such as chloride (Cl), sulphate (SO4), and nitrate (NO3).

Nevertheless, climate conditions such as rainfall (rain), temperature, relative
humidity, and time of wetness (TOW) also play an important role in determining
corrosion rate. Hence, a corrosion hazard map was developed to identify the corro-
sion level of Peninsular Malaysia. The new corrosion hazard map developed from
this studywas also compared to the previousmap developed for PeninsularMalaysia.
Besides presenting the information graphically, the corrosion hazard map would be
a piece of valuable information to sectors that are involved in metal, as additional
information to properties developer for future development, a good guide to the auto-
motive sector in improving their coating technology, as well as to the local authorities
in planning and strategizing the land utilization.

2 Study Area

The studywas conducted for the overall area of PeninsularMalaysia (Fig. 1). Located
in Southeast Asia between Singapore and Thailand at latitudes 1–6.5° N and longi-
tudes 100–104° E, Peninsular Malaysia has a total of 132,090 km2 land area and
accommodate 25.9 million of the population [8]. The land experienced twomonsoon
seasons: the Southwest monsoon in April to October and the Northwest monsoon
in October to February, where both bring the rainy season to the country [9]. It has
a tropical climate with high temperatures, high rainfall, dry spells, thunderstorms,
strong winds, hot and humid all year. The relative humidity is high, with average
monthly relative humidity ranging between 70 and 90%, and the typical temperature
is 21–32 °C [9, 10]. The locations of tabulated 17 weather stations involved in data
collection for this study were marked on the map. The weather stations’ locations
cover different geographical and land classifications, such as rural areas, urban areas,
industrial zones, residential zones, highlands, coastal areas, and others.
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Fig. 1 Map of Peninsular Malaysia

3 Methodology

The study was utilized data gathered from 17 weather stations owned by the
Malaysian Meteorological Department (MMD). The data considered for the study
were collected from the year 2010until 2019. It consists of daily climate data (rainfall,
humidity, and temperature) and wet deposition data or air pollution data (chloride,
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sulphate, nitrate, and pH). Those data were analyzed to identify the pattern of climate
and pollution conditions of Peninsular Malaysia.

Headed to generate the Corrosion Hazard Map, the data was filtered to form
parameters needed to generate the map, which are the time of wetness (TOW),
rainfall, chloride (Cl), sulfate (SO4), and nitrate (NO3). The first step in producing
the map was generating the inverse distance weighted (IDW) interpolation for each
parameter using SAGA software. The IDW was preferred due to its capability to
perform a good interpolation of point data with the basis that the data decrease as
the distance increases. On the other hand, it also assumes that far apart objects are
less reliable than close together objects [11]. The method was suitable for the study
since all data was in point form. Next, the IDW of all parameters was transferred
and overlayed into QGIS software. Equation 1 was applied in the raster calculator to
generate the corrosion hazard map. Finally, the map was classified into five levels to
represent the level of corrosion rate [12].

CR = f (NO3, SO4, Cl, Rain, TOW ) (1)

4 Analysis and Discussion

4.1 The Pattern of Climate and Pollution Conditions
of Peninsular Malaysia in Ten Years Duration

The climate conditions between rainfall and temperature of Peninsular Malaysia
over ten years, from 2010 to 2019, were illustrated by a graph in Fig. 2 It shows
that Malaysia has experienced extreme weather conditions for the past ten years.
According to MMD, the normal annual average rainfall precipitation for Peninsular
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Malaysia is 2420 mm [13]. However, the analysis shows that the rainfall has gone
beyond the normal precipitation for 2011, 2012, 2013, 2014, 2017 and 2018. One of
the reasons was due to the global warming that worsened the rainfall precipitation,
especially during the monsoon seasons. A study conducted by Kuok Ho Daniel Tang
also found that global warming has affected the world and tremendously change
the normal climate condition [14]. It is seen in the graph, whereas rainfall raises,
temperatures fall.

The graph in Fig. 3 was plotted to present the status of pollution data. Over
the ten-year duration, each parameter shows linear increment, except for 2015 and
2016. The value of Cl, NO3, and SO4 was spiked in 2015 and slightly dropped
in 2016. This is due to the Southeast Asian haze of 2015 caused by widespread
illegal burning in Indonesia. This occurrence lasted for almost a month in Malaysia,
Singapore, andThailand,which deteriorated the country’s air quality [15]. Because of
the devastating haze in 2015, Southeast Asia has decided to strengthen the ASEAN
Agreement on Transboundary Haze Pollution Act (THPA), which aims to tackle
haze and air pollution at the core level [16]. As a result, a significant reduction
in the value of Cl, NO3, and SO4 dispersion was reduced in 2016. However, after
2016, the trend of air pollution is still increasing. This might be due to the increased
usage ofmotorized transportation, uncontrol industrial emission, and other economic
activities that contribute to air pollution [17].

4.2 Generation of the Corrosion Hazard Map

The IDW results for all parameters that involve in generating the corrosion hazard
map are shown in Fig. 4a–e. The results were classified into five categories, where
blue representing the lowest level, green for the second-lowest, yellow for middle
level, orange for the second-highest level, and red for the highest level. Each level
has a value presented in a range, and it is different for each parameter.

Figure 4a shows that the Cl concentration is high in the east coast area where
Kuala Terengganu and Kota Bharu are located. The exact value for these areas is
753.38 and 786.17 µg/l, respectively. According to Huade Guan, this is due to the
phenomenon when seawater is blown into the atmosphere by the wind [18]. The
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Fig. 4 The parameter of corrosion hazard map

lowest Cl concentration is at Cameron Highland. As expected, the highland area will
have a very low Cl content. On the other hand, in Fig. 4b, it was found that the NO3

level is high in areas that have a combination of an industrial and urban, such area
marked as Petaling Jaya (on the west coast) and Senai (on the southern part). The
highest level of NO3 content for Peninsular Malaysia was recorded by Petaling Jaya,
which was 1563.76 µg/l.

Based onFig. 4c, the highest level of SO4 was found in the southwest part of Penin-
sular Malaysia. The area marked as Petaling Jaya again recorded the highest level,
which is 1196.91µg/l for SO4.Themain source of sulfate is the burningof fossil fuels,
such as thermal power plants, oil refineries, and industrial areas. Petaling Jaya was
located in a well-developed zone and about 22 km from the capital city of Malaysia,
KualaLumpur. The surrounding areaswerewell developed, completewith residential
and industrial areas which indirectly contribute pollution to the atmosphere.

Rainfall is a special factor in the corrosion hazard map as rainfall acts as a wash-
out factor that rinses pollutants from the metal object. Hence, the higher the amount
of rainfall, the lower the rate of corrosion. Referring to Fig. 4d, areas that received
the highest rainfall were in the southeast and the central part where the Senai and
Petaling Jaya are located. The occurrence was caused by the North-East Monsoon
wind that originates from China through the North Pacific Ocean. It brings more
rainfall to the northwest and northeast part of Peninsular Malaysia.

TOW is defined as the time when the metallic surface is coated by liquid layers,
causing corrosion to accumulate on the metal’s surface [3]. The computed data on
the TOW is very useful for the estimation of atmospheric corrosivity as the higher the
TOW, the higher the corrosion rate of the location. From Fig. 4e, the TOW level is at
the highest from Kuantan all the way to Senai with TOW of more than 7323 h/year
and the lowest at Petaling Jaya and Melaka with TOW of fewer than 6944 h/year.
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The corrosion hazard map generated from this study is shown in Fig. 5a, while
the corrosion hazard map generated from the previous study is in Fig. 5b [12]. Both
maps are divided into five levels, the same as the division for the parameters as
explained earlier. From levels one to five, one is the lowest, and five is the highest
level of corrosion rate. The data used for the previous study was from the year 1996
to 2005, while for this study was from the year 2010 to 2019. Comparison of these
two maps discovered that the high corrosion level originated in the Petaling Jaya
area has broadened in the southwest part. To be Specific, the changes result from
substantial industrial growth in the southwest area during the last 10 years. Aside
from that, there are changes in the highland area, where corrosion rate is at level one
in the current map and level three in the prior map. The changes might be associated
with an increase in rainfall precipitation in the highland area from 2010 to 2019.
Meanwhile, corrosion rates in Alor Setar and Batu Embun remain the same for both
present and prior maps.

To compare the level of corrosion rate and its parameters, the graph in Fig. 6 was
plotted to summarize the result according to the weather station locations. For the
area around Cameron Highland and Batu Embun, the corrosion rate is at level one.
This cause by the combination of low pollution (level one) and a high level of TOW
and rainfall (level three to five). Rainfall acts as a wash-out agent that rinses the
pollutant. High rainfall will lead to a low corrosion rate level.

From the generated map (Fig. 5a), Muadzam Shah, Kuala Terengganu, and its
surrounding area are classified under corrosion rate levels two and three. Even though
the amount of Cl in these areas is high, the corrosion rate remains low due to the high
level of rainfall. Corrosion rates at levels four and five have the same characteristic,
where both have high levels of pollutants and rainfall levels ranging from one to five

Fig. 5 a Corrosion hazard map of Peninsular Malaysia from this study using data from 2010 to
2019; b Corrosion hazard map of Peninsular Malaysia from a previous study using data from 1996
to 2005 [12]
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Fig. 6 Summary of parameter and corrosion rate

with a high level of TOW. The difference between level four and level five is the
pollutant level, where for level four, the range of pollutant level is between level one
to five, while for level 5, the range is between level three to five. The developed map
shows that the Westcoast area (Sitiawan, Petaling Jaya, Melaka) and the Southern
area (Kluang and Senai) have the highest corrosion rate compared to other places.

5 Conclusion

The corrosion hazard map was made by using the climate and wet deposition data
from the past ten years. The data shows that the lowest corrosion rate has occurred
at the highlands, while the highest corrosion rate was found at the west coast and
southern region of Peninsular Malaysia. The map generated from this study serves
as a useful guideline for sectors that are affected by corrosion, such as steel structure,
shipping, automotive, and others (coating quality and thickness). Further study on
verification work based on field tests will be conducted to validate the generated
corrosion hazard map.
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funding the study.
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Comparison of Corrosion Hazard Map
in 10 Years Duration Using Air Pollution
and Climate Data

Aina Shazwana Mohd Izhar, Nor Hazwani Nor Khalid, Fathoni Usman,
and Nur Fadilah Adriyanshah

Abstract Atmospheric corrosion is a severe challenge for most commonmetals due
to its effect on the service life and strength of structural materials, especially steel
structures. In a tropical climate country such asMalaysia, high humidity, temperature,
and rainfall precipitation contribute to the high time of wetness in the atmosphere.
The wetness condition and air pollution will accelerate corrosion formation. Rapid
economic growth and development of industrial areas have significantly increased the
number of corrosion agents immerse in the atmosphere. Since corrosion is influenced
by the atmosphere, the changes in corrosion level would be identified by comparing
the corrosion hazard map for 10 years duration. The climate and air pollution data
were analyzed using the inverse distance weighting (IDW) method to form a Corro-
sion Hazard Map of Peninsular Malaysia. Observation on the maps discovered that
throughout the 10 years, southern and west coast areas have the highest corrosion
level, while the lowest corrosion level occurred around the center part of Peninsular
Malaysia. Information on the corrosion level will benefit highly dynamic industries
in planning and decision-making, indirectly reducing losses.

Keywords Corrosion · Corrosion hazard map · Atmospheric corrosion ·Metal
corrosion · Geographical information system

1 Introduction

Corrosion is a natural process that commonly occurs on both protected and unpro-
tected metals such as metals in the chemical reaction of the metal with oxygen and
air [1]. It is also an unintentional and destructive deterioration process caused by
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the surrounding environment, reducing its efficiency. Corrosion prevention costs are
approximately 5% of the gross domestic product for any country, implying a colossal
economic cost to society [2]. Unfortunately for metals, almost all conditions could
trigger some corrosive environment, as the material is quite sensitive to any atmo-
spheric conditions that may vary substantially by area. There are coastal, industrial,
highlands, urban and rural areas with a vast array of different levels of corrosion [3].
The coastal regions are usually very corrosive considering the exposure to salts ions
such as Cl and the tendency to be exposed to the gust of wind, especially during
the monsoon season [4]. Meanwhile, industrial areas are correlated with large-scale
industrial processes and may contain Sulfate (SO4), Chloride (Cl), Phosphate (PO3),
and Nitrate (NO3) [5]. The highlands in Malaysia have high humidity, tempera-
ture, and pressure, which led to the formation of algae and may significantly impact
corrosion by interrupting the corrosion protection layers [6].

Typically, rural areas are affected the least by corrosive pollutants as it is rarely
exposed to air pollution. However, the urban areas are comparable with rural areas
due to the existence of industrial activities in addition to pollutions from vehicles
and industrial fuel emissions [7]. Corrosion of metals can be identified by different
types and forms, including intergranular, uniform, pitting, and crevice corrosion,
a typical failure in facilities. Rust is a common form of corrosion that occurs on
iron and steel structural elements and especially reacts to aggressive environments,
which hasten the corrosion rate, also known as atmospheric corrosion,which happens
every single day. Metal corrosion in the atmosphere is affected mainly by the time
of wetness (TOW), which relies on climatic parameters such as temperature and
humidity corresponding to the international standard ISO 922 [8–10]. Moreover,
dust and deposited substances such as Cl, SO4, NO3 materials also accelerate the
corrosion phase.

For most common metals, atmospheric corrosion has been the most dominant
form of corrosion. It is a severe challenge due to its effect on structural material
service life and strength, especially on steel structures. In Malaysia, the atmospheric
condition of TOW is always very high based on the high humidity, temperature, and
rainfall precipitation [11]. As a result, the corrosion of metal materials becomes a
significant challenge to various sectors, especially when it causes financial reduction
[12]. The pollution level will consequently increase in tandemwith economic growth
as more industrial areas were developed. Therefore, this research was conducted to
observe the changes of corrosion levels for Peninsular Malaysia within 10 years
duration by developing the corrosion hazard maps. Knowledge of the corrosion level
will benefit industries that are heavily involved in metal. The information also will
aid them in better planning and decision-making, consequently, will lead to higher
profit.
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Fig. 1 Map of Peninsula Malaysia

2 Study Area

Malaysia is one of the tropical countries located in Southeast Asia situated near
the equator. The weather is much warmer, humid, and it experiences heavy tropical
rainfall all year long. The country is also exposed to extreme weather conditions,
such as the monsoon season, bringing more rain and wind. This study covers the
whole Peninsular Malaysia, which involves 11 states, as shown in Fig. 1.

3 Methodology

The parameters involved in developing the Corrosion Hazard Map were obtained
from climate and wet deposited data [13]. The data was gathered from 17 weather
stations in Peninsular Malaysia, owned by the Metrological Department of Malaysia
(MET). The 17 stations are Alor Star, Batu Embun, Bayan Lepas, Prai, Cameron
Highlands, Chuping, Bukit Keledang, Kluang, Kota Bharu, Kuala Terengganu,
Kuantan, Melaka, Mersing, Muadzam Shah, Petaling Jaya, Senai, and Sitiawan.

The climate data fromeach station consisted of daily rainfall precipitation, temper-
ature, and humidity, while the wet deposited or air pollution data comprised salt ions
which are SO4,NO3, andCl [14]. The parameters collected for over 10 years, from the
year 2010 until 2019, were sorted manually before for geostatistical analysis using
the QGIS 3.16 Hannover software. The sorted data was then imported into QGIS
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for further analysis. Next, the inverse distance weighting (IDW) method [15] was
applied for all parameters. The IDWwas to calculate the values of cells by combining
linear-weighted data from the tabulated sampling points, the so-called interpolation
process. The formula expressed in Eq. 1 was applied to the IDW for all parameters
to generate the Corrosion Hazard Map each year. The map was reclassified into 5
levels to indicate the corrosion rate. The same procedure was repeated to produce 10
Corrosion Hazard Maps for the year 2010 until 2019.

CR = f (Cl, NO3, SO4, TOW, Rainfall) (1)

4 Discussion and Analysis

The corrosion hazard maps were generated annually for 10 years and were compared
by year to observe and investigate the corrosion rate changes. There were five levels
of corrosion rate, ranked from low to the high level indicated using numbers and
differentiated by different colors. From the lowest to the highest level, level one was
presented in blue, level two in green, level three in yellow, level four in orange, and
level five in red.

Figure 2a–j shows the generated Corrosion Hazard Map each year. The maps
show that the west coast and southern parts of Peninsular Malaysia have the highest
corrosion level over the ten years. Besides being located in a coastal region, these
two locations also feature massive ports, Port Klang in the west coast area and Port of
Tanjung Pelepas in the southern coastal area. The port turns into a business attraction
andmakes Selangor (marked as Petaling Jaya on themap) and Johor (marked as Senai
on the map) become strategic regions for industrial zones, subsequently contributing
to the increment of deposited substances in the atmosphere.

Another state that recorded level five of corrosion is located in the northeast of
Peninsular Malaysia, Kuala Terengganu, Terengganu. Terengganu is a state where
the majority of the economic activities are tourism, agriculture, and fisheries. A high
level of corrosion might be due to the location of this state, as it is facing the South
China Sea. The main parameters that increase the corrosion level might be due to
high Cl content. The main factor that caused the increase in the corrosion level might
be high Cl content due to the frequent exposure to sea breeze on seasonal wind such
as monsoon season.

TheMidwest coastal part of PeninsularMalaysia (marked as Sitiawan on themap)
has shown inconsistent corrosion levels between level three to level five since 2010.
However, the area has consistently recorded corrosion at level five for three consec-
utive years, from 2016 to 2019. The level variation might be due to the inconsistent
rainfall received in that area.

Regarding the lowest corrosion level, the middle part of Peninsula Malaysia
(marked as Cameron Highlands on the map) was recorded at level one for the entire
10 years. This is definitely due to the existence of a highland area in the middle
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Fig. 2 Corrosion hazard map for 10 years period

of Peninsular Malaysia, named Titiwangsa Ranges. The effects of deficient human
activity, geographical features, and environmental conditions of the rural area have
always kept this middle part at a low corrosion level.

Observation on the generated Corrosion Hazard Map has been extended by
observing the parameters involved in the analysis. Graphs in Fig. 3. were plotted
from the values of the same parameters used to generate the map. The graphs show
Cl, NO3, SO4, TOW, and rainfall throughout the 10 years duration. Referring to
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Fig. 2 (continued)

Fig. 3a–j Muadzam Shah has recorded the highest Cl content with the value of
4823 µg/l in 2016, alongside SO4. This occurrence might be due to the industrial
and agricultural activity in the oil palm plantation industry that is present in the area.

Kota Bharu and Kuala Terengganu have the highest Cl with 957 and 829 µg/l,
respectively, from 2010 to 2012 due to their location near the coastal area, facing the
South China Sea. Petaling Jaya has the highest NO3 content in 2013 and 2014, with
values of 1212 and 2330 µg/l, respectively. Petaling Jaya is mainly polluted with
NO3, recorded as the highest pollutant in the area from 2017 to 2019, and it is the
most commonly measured pollutant over the last decade.

Meanwhile, from 2010 to 2019, the lowest level was recorded in Cameron High-
land in 2012, 92 µg/l in Cl content. The highland atmosphere is not affected by the
Cl pollution since it is located far from the coastal area. It has a humid atmosphere
compared to other regions, and the air pollution is also low. In addition, it is also
because of the considerable high rainfall precipitation with 224 mm/year. Another
observation of interest would be a high level of sulfate recorded from 2013 to 2018
in the industrial areas of Kluang, Petaling Jaya, and Prai, as Shown in Fig. 3d–i.

5 Conclusions

This study presents the comparison of corrosion hazard maps for a 10-years duration
in Peninsular Malaysia. The study discovered the amount of Cl, SO4, NO3 that exists
in the atmosphere had influenced the corrosion level during the period. The coastal
area has recorded high corrosion levels primarily due to high Cl content, while indus-
trial areas recorded high corrosion levels due to highSO4 content. Consequently, rural
and highland regions recorded the lowest corrosion rate. The corrosion hazard map
would benefit and be helpful in various sectors such as metal industries, steel struc-
tures constructions, coating technology improvement, etc. It is not limited to support
in decision making, planning, and maintaining processes, but it is also valuable for
predicting the remaining life for metal.



Comparison of Corrosion Hazard Map … 241

Fig. 3 Graph of composition of Cl, NO3, SO4
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Fig. 3 (continued)
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Drag Comparison for Coastal Species
for Shoreline Protection

M. Mohd Rizuwan, W. A. Wan Mohd Shukri, and H. Tarik Mubarak

Abstract Drag coefficient commonly used to indicate the frictional resistance
produce by the object in the fluent environment. This parameter has commonly
used to examine the attenuation of wave towards the sea shore. However, lack of
understanding on drag coefficients tree morphology density and arrangement and the
minimum shoreline belt width. This study compares two coastal species and evalu-
ates the potential or their stilt root system to dissipate the velocity. This study analyses
the drag value on the cross sections of the stilt root model. The slice with maximum
result of drag value will be used for the specimen preparation in velocity dissipa-
tion analysis. Both analyses were carried out using Computational Fluid Dynamics
(CFD) by ANSYS Fluent program. The velocity magnitudes on the analysis path
were extracted to evaluate the behaviour of the flow dissipation. Root zone of the
stilt root model contributes higher dissipation on the velocity than the single stem.
The highest drag value is observed at 0.5m height of the stilt rootmodel from ground.
Higher density of forest stands contribute to higher dissipation of velocity. The study
found that 135–203 m is the minimum shoreline belt width in where the result varies
to diameter. This study could be applied for properly design the wave breaker for
artificial protector for mangrove seedlings.

Keywords CFD · Shoreline · Belt width ·Mangrove · DBH

1 Introduction

Mangroves grow in the upper intertidal zones of soft-sediment shores at tropical and
subtropical latitudes [8]. This ecosystem is considered as one of the most productive
natural ecosystems in the world and has a well-established ecological, economic
and cultural [5]. These natural defences are attractive because they are cost-effective
solutions that provide multiple benefits, contributing to community and ecological
resilience [13]. This ecological system is capable of absorbing the hydrodynamic
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turbulence and keeping the function and structure of the ecosystem [14] and atten-
uates the energy of tsunamis, cyclones and storm surge and by reducing velocity
on channel floodplain [12]. This ecosystem could also create bed resistance by
obstructing the flow of water through the forest [3] and is expected to be better
than man-made structures to protect coastlines threatened by climate change [9].

The role of mangroves in reducing the sea-waves velocity has been scientifically
proven. For instance, six-year-old mangrove forests of 1.5 km wide will attenuate
open sea waves height from 1 to 0.05 m [7] approximately 70% of the near shore
wave height [4]. Research indicates a belt of mangroves is capable of absorbing 30–
40% of the total force of a tsunami [2] and up to 90% with a stand density of 3000
trees/ha [1].

A model estimates 50% declination in wave energy by going into 150 m of
Rhizophora-dominated forest at high tide and 50% of energy reduction within 100 m
belt width of Sonneratia forests [1] that range the total dissipation 200–300 m. This
finding is similar to Mcivor et al. [11] that observed the total reduction of 35% over
the first 80 m of forest which estimates 228.5 m for 100% of energy dissipation.
Lee et al. [9] found that the wave energy of wind-generated surface waves is signif-
icantly attenuated by a fully grown mangrove forest by 20% per 100 m. Volvaiker
et al. [15] estimate the reduction of wave height from mangrove forest was about
20% over 100 m and could reach up to 60% over 300 m width vegetation. Both Lee
et al. [9] and Volvaiker et al. [15] estimate the 500 m to be total dissipation of wave
energy. These studies summarize the total dissipation range 200–500 m which show
the need of minimum shoreline belt width is 200 m to enable the coastal forest as
natural shoreline protector.

2 Methods

The simulation of fluent was carried out using Computational Fluid Dynamics (CFD)
by ANSYS Fluent program to determine the drag characteristic of stilt root system
and evaluate velocity dissipation behaviour along in-line distribution specimen. The
seawater properties are defined to be 1023.387 kg/m3 density and 0.000959 kg/m
s viscosity. The analysis applied water velocity in a mangrove stands, the average
magnitude of the water velocity which is around 10 cm/s [8]. Shan et al. [12] also
applied 10 cm/s velocity magnitude to the model, which satisfied Froude number
similarity with real field scale of tidal flow and storm surge, 20–50 cm/s. Thus, this
study uses 0.1 m/s as the inlet velocity for both analyses and multiplies the velocity
ratio for extreme velocity conditions which is 0.5 m/s. The simulation is assumed to
have significant result of drag value reduction of flow redistribution in the horizontal
plane with the channel-average velocity [10].

The study site is at Lekir, Perak for stilt root model and the comparison of density
and velocity dissipation from Pulau Klang, Selangor. The density of that temporary
plot is 2125 with calculated tree spacing is 2.17 m. The selected stilt root models
consists of two (2) models from both species (Fig. 1).
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Fig. 1 Stilt root models

Height of the stilt root model that contributes to the maximum and minimum drag
values was used to prepare the specimen in velocity dissipation analysis for in-line
distribution. The velocity in line distribution of the model significantly diminished
relative to the channel-average. A lower velocity in line with the trees would also
reduce the force on the tree that will also change the drag force over the distance
[10].

3 Results and Discussion

Simulation on the cross section slices of mangrove stilt root shows that the maximum
drag value occurs at 0.5 m slice height from the ground level. These slices are the
most influenced slices for reducing the velocity magnitude. Estimating the velocity
dissipation based on the maximum drag value would provide the information of
minimum shoreline belt width of coastal forest to enable the function of shoreline
defence. Guannel et al. [4] mentioned that the effectiveness of dissipation is still
mostly due to the frictional drag from dense trunks and roots induce in the water.

In this case, the drag values are compared to the cross section area of slices that
are extracted from the stilt root models show and linear relationship with the cross
section. However, value of R2 which less than 0.8 indicates that the relationship is
not strong enough to show the dependencies of both parameters (Fig. 2). This proves
the flow velocity reduction is not only depending on mangrove aerial root system but
also the coordination of the root [6].

From the simulation result of velocity behaviour, it is observed that the trend line
shows the decrease of velocity from inlet to outlet of stilt root model in-line distri-
bution for both analyses that referring to the maximum drag values. The estimation
of shoreline belt width that refers to the maximum drag value is 27.00 and 40.60 m
for Model 1 andModel 2 m consecutively. The velocity dissipation analyses for both
models refer to minimum drag value shows the decrease of velocity for Model 1
while increase of velocity for Model 2. The estimation of shoreline belt width that
refers to the minimum drag value is 116.6 and −17.95 m for Model 1 and Model
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Fig. 2 Drag coefficients and cross section area of stilt root models

Table 1 Summary of dissipation length minimum shoreline belt

Density DBH (cm) Total drag value
for Max. drag
slice

Total drag value
for Min. drag
slice

Min. belt width
(m)

Max. belt width
(m)

Model 1 47.3 48.960 1.578 27.0 116.6

Model 2 23.7 10.323 0.911 40.6 −17.95

2 m consecutively (Table 1). In this case, the negative value of the shoreline belt
width is considered irrelevant result. The results that show velocity dissipation prove
to support Jusoh et al. [6] that estimates a 40% decrease in velocity magnitude of
the initial flow. Designing the shoreline belt for the extreme event recommend by
multiplying the value of belt width with the velocity ratio which in this study is 5.

Taking an example of the belt width is 27 and 40.6 m for Model 1 and Model 2
consecutively, the recommended minimum shoreline belt width is 135–203 m and
this range would vary to DBH. The maximum shoreline width which refers to 116.6
is 583 m. In case of designing for coastal defence the minimum shoreline belt width
are taken into account. The range of minimum shoreline belt width is 135 m–203 m
obtained in this study almost similar to Alongi [1] andMcivor et al. [11] that estimate
200 and 228.5 m consecutively to totally dissipate the wave energy. The estimation
of maximum shoreline belt width, 583 m, obtained in this study also prove to Lee
et al. [9] and Volvaiker et al. [15] that estimate the 500 m to be total dissipation of
wave energy.

The negative value of maximum belt width indicates that the drag value is insuf-
ficient to dissipate the inlet velocity. In order to allow the root model for capable to
dissipate the, the total drag value in the velocity dissipation analysis has to be higher
than 1 which requires higher DBH of Model 2 of root system. Plotting the informa-
tion of total drag value for minimum drag slice and would generate the equation y
= 0.0283x + 0.2418. In this particular study the minimum DBH that would enable
the root model to dissipate the velocity is 26.79 cm.
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4 Conclusions

This study could conclude that distribution of drag value of stilt root model signifi-
cantly influence the behavior of velocity dissipation of water that flows through the
mangrove stand. The stilt root system at the coastal species is capable of reducing the
sea water velocity that flows through shoreline tree stands. Higher drag value from
the stilt root architecture provide better dissipation of velocitywhich ismainly caused
by the root diameter, root density, arrangement and coordination of root structure
andDBH. Therefore, this study strongly recommends the need of artificial protection
such as wave breaker to support the establishment of mangrove seedlings. Informa-
tion of minimum shoreline belt width spacing would be useful to forest managers to
maintain the function of the shoreline ecosystem and planning for planting activities.
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Indoor Radon Concentration
for Buildings of Different Ages
in Universiti Teknologi Malaysia

Ka Chong Ngui, Norelyza Hussein, Suhairul Hashim, Zainura Zainon Noor,
Che Hafizan Che Haasan, and Nur Syamimi Zaidi

Abstract Radon is a naturally-occurring radioactive noble gaswithout colour, odour
and taste to which humans are usually exposed. Prolonged exposure to radon gas is
the second leading cause of lung cancer among smokers and non-smokers. Radon
concentrations across Universiti Teknologi Malaysia (UTM) have remained a poten-
tial risk of health concerns because the old facilities on campus may contribute to
the generation of radon gas. Therefore, this study aimed to compare radon levels
between the old (Faculty of Science) and new (Faculty of Civil Engineering) build-
ings of UTM, and also to compare concentrations of radon between ground floor
and second floor within the two types of buildings. The RAD-7 was selected as the
equipment to measure radon concentrations at the laboratories, meeting rooms and
lecturer rooms at the monitored buildings. The radon content of both the old and new
buildings did not exceed the WHO reference level of 100 Bqm−3. However, radon at
the new building was present at higher concentrations than that at the old buildings
on average due to energy efficient and airtight design of the new building.

Keywords Radon · Indoor air pollution · Air quality · Building ages

1 Introduction

Indoor air pollution refers to the deterioration of air quality inside and surrounding
buildings and structures, specifically affecting the well-being and enjoyment of
building occupants in a negative manner [1]. Radon has been recognized as one
of the most common pollutants indoors by organizations such as Environmental
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Protection Agency (EPA) and World Health Organization (WHO). Radon does not
usually pose as a health concern in outdoor environments given its high dilution
rates in the open air. Nevertheless, hazardous levels of radon can occur within indoor
spaces such as basements, bedrooms, offices and houses, especially as it enters via
openings in damaged pipes, floor-wall joints or grounds or via cracks in concrete
floors and walls [2].

In recent years, radon gas has been classified as a common radioactive substance
to which humans are usually exposed. Radon is a radioactive noble gas without
colour, odour and taste that forms naturally in the atmosphere due to the decay of
radium (Ra), thorium (Th) or uranium (U) in rocks, soil and groundwater [3]. Radon
has no stable or nearly stable isotopes, but the most stable isotope is 222Rn, with a
half-life of 3.82 days, which comes from the breakdown of 226Ra and 238U [4]. The
radon daughters such as polonium (Po) isotopes—218Po, 214Po and 210Po release
high doses of ionizing alpha rays. Following inhalation of radon gas, the particulate
radon attaches to the lung surface and decays to emit highly ionizing alpha particles
that interact with cells in the lung tissue, leading to damage of DNA [3]. Prolonged
exposure to radon gas is the second root cause of lung cancer among smokers and
non-smokers, and hence a significant health threat to public. Therefore, this study
aimed to compare radon levels between the old and new buildings in UTM as the old
facilities on campus may contribute to the generation of radon gas.

2 Methods

UTM was selected as study area to conduct the study UTM is a public Malaysian
university located in Skudai (1° 33′ 33′′ N 103° 38′ 29′′ E), which is about 20 km
north of the state capital—Johor Bahru. The Faculty of Science in UTM consists
of Department of Mathematical Sciences, Chemistry, Physics and Biosciences. The
Faculty of Civil Engineering has been established only for civil engineering students
to attend lectures, tutorials and laboratory sessions. A cross-sectional comparative
study was carried out inside the old and new buildings across the Faculty of Science
and Faculty of Civil Engineering, respectively, at two different areas. The target older
buildings of this study included 2 blocks of Physics Department, Faculty of Science
which named as C21 and C22.

Meanwhile, the selected new building for this study is located at Faculty of Civil
Engineeringwhich known asM50block. The PhysicsDepartment andM50buildings
have beenopen since 1988 and2013, respectively. The radon testing sitesweremainly
based in the laboratories on ground floor, and meeting rooms and lecturer rooms on
second floor in those 3 buildings. The duration of this study took around 10 days,
from mid of August 2020 until end of August 2020.

The RAD7 radon detector from Durridge in the USA was used as the primary
measurement device in this study due to its versatility and exclusive features. The
RAD7 is a sophisticated sniffer that identifies the 3 min alpha radiations from 218Po,
without interruptions from other radiations. The radon measurements of the RAD7
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typically range from 4 to 750,000 Bqm−3 [5]. In this study, the RAD-7 was set to
measure the mean radon concentrations of each spot for 1.5 h, with the readings
recorded in printed copies and the software simultaneously every 30 min.

3 Results and Discussion

Figure 1a shows the presentation of radon levels at C21 and C22, which are the
targeted old buildings at UTM and Fig. 1b indicates the total radon levels at the
new building. The concentrations of radon varied from one location to another, thus
exhibiting distinct readings at different levels of the buildings. A clustered column
graph is appropriate to determine the locations with the highest or lowest levels of
radon gas. On average, radon levels of the nuclear laboratory on ground floor (C22)
were slightly higher than those of themeeting roomon secondfloor by 3.8Bqm−3. On
the other hand, the laboratory contained 9.7 Bqm−3 less radon gas than the lecturer
room on second floor at C21 in the Faculty of Science. Of all the old buildings
included in this study as shown in Fig. 1a, the radon contents of these locations
did not exceed the WHO reference level of 100 Bqm−3. It has been considered
that the building occupants were experiencing low radon exposures, particularly at
the nuclear laboratory and meeting room within C22, with concentrations below 20
Bqm−3.

As proven by the previous research [6], radon gas largely comes from the soil, thus
explaining higher concentrations of radon in the nuclear laboratory on the ground
floor than inside the meeting room on the second floor in the old buildings. However,
a different scenario was observed inside the lecturer room on the second floor in
C21, where its radon level was unexpectedly 22% higher than that in the nuclear
laboratory. This unusual situation could be due to the presence of natural aerosols,
particularly dust particles <0.45µm, arising from the carpet in themonitored lecturer
room [7]. The radon produced daughter nuclei called 218Po and 214Po, which then

Fig. 1 a Overall levels of radon gas within the old buildings. b Overall levels of radon gas within
the new building



252 K. C. Ngui et al.

attached to the dust particles of the uncleaned carpet and accumulated within the
room.

Figure 1b indicates the total radon levels of the structure laboratory, meeting room
and lecturer roomwithinM50. By comparing the concentrations at these 3 locations,
mitigation measures may be recommended to reduce exposures of those building
occupants. It would be good to decrease the radon concentrations at M50 to lower
levels as in C21 and C22. The overall radon levels at the structure laboratory on
ground floor of M50 in Faculty of Civil Engineering were rather lower than those of
the meeting room by 5.2 Bqm−3 but substantially higher than those of the lecturer
room by 35.9 Bqm−3 as illustrated in Fig. 1b. Similarly, the radon contents of these
locations inside the new building did not exceed the WHO reference radon levels of
100 Bqm−3. Although indoor radon of the lecturer room does not pose a significant
health threat to the building occupant, both the structure laboratory andmeeting room
demonstrate exceptionally higher readings despite newer construction materials and
younger building age.

On the other hand, the structure laboratory on ground floor showed higher levels of
radon than those inside the lecturer room, but lower levels than those of the meeting
room at the new building. It has been anticipated that radon gas in regularly occupied
space i.e. the lecturer room on second floor is often present at lower concentration.
Nevertheless, the observation in the meeting room was contradictory to findings of
the past research by Xie et al. [8], with 6% higher radon content than that of the
structure laboratory. The slight increase in radon level of the meeting room was
attributed to the formation of cracks and openings on its concrete walls through
which radon gas seeps [2]. The lecturer room in M50 was found to have 75% less
radon concentration than ground floor due to better appearance of material surfaces.

Figure 2a shows comparison of radon concentration between old and new build-
ings, meanwhile Fig. 2b illustrates the comparison of radon concentration between
ground and second floor. Figure 2a illustrates whether the monitored old or new
buildings of UTM contain higher radon levels. The indoor space of the new building
would be assumed to have less emission of radon gas as compared to that of the old

Fig. 2 a Differences of radon levels between new and old buildings. b Differences of radon level
between ground and second floors
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buildings. If the new building records higher readings, then physical conditions such
as building materials and ventilation may be the contributing factors in this case.

Unexpectedly, radon levels of the laboratory and meeting room inside M50 as
shown in Fig. 2a were substantially higher than those of C22 at UTM by 24.4 Bqm−3

and 33.4 Bqm−3, respectively. Nevertheless, the lecturer room of M50 exhibited
markedly lower radon content than that of C21, with a difference of 21.2 Bqm−3.
The new building had shown an average of 31.5 Bqm−3 indoor radon; whereas the
mean concentrations of radon indoors within the old buildings were 19.3 Bqm−3.

When comparing radon levels between the monitored old and new buildings at
UTM, the new laboratory at M50 was shown to have 41.4% higher radon than the old
laboratory at C22. Similarly, the new meeting room inside M50 manifested 55.2%
more radon content than its counterpart at C22. However, the radon concentration
inside the lecturer room at C21 was significantly greater than that at M50 by 65.2%.
The observations coincided with findings of Koh [7] that the ventilation rate indoors
plays a key role in variation of radon concentrations.

Contemporary and newly developed buildings are more energy efficient and
airtight, thus preventing additional energy costs as well as the entry of air from
outside if the indoor space is air conditioned. Nevertheless, the air exchange between
outdoors and indoors is less likely to occur inmodern buildingswhen air conditioners
are turned off [7]. It thus justifies greater concentrations of radon within the indoor
space of the new building in comparison with that of the old buildings at UTM.
Conversely, the old buildings may have ventilation systems that allow the outside air
to enter and leave efficiently after mixing with air indoors on a timely basis.

In comparison, radon levels on the ground floor of C22 were slightly lower than
those of the second floor by 8%based on Fig. 2b.Meanwhile, the ground floor ofM50
demonstrated 22.5% higher radon content than that of the second floor. In general,
radon levels in both the old and new buildings were all below the WHO reference
level (100 Bqm−3). The health risks of students and staff from radon exposure in the
monitored indoor environments were presumably low and insignificant. Although
both types of the buildings demonstrated concentrations that were well within the
limit value established byWHO, itwas noteworthy to know that no threshold level has
been set by any internationally recognisable organisation and even a small amount
of radon may be associated with certain health issues, particularly lung cancer [9].
Therefore, it would be ideal to suggest some mitigation measures in this study to
attain near-zero exposure to radon within interiors of the old and new buildings at
UTM.

4 Conclusions

The radon concentrations inside the locations of the old buildings were all below 30
Bqm−3; whereas those inside the new buildings were below 50 Bqm−3. Hence, they
did not exceed the WHO radon reference level of 100 Bqm−3. At the old buildings,
radon levels of the nuclear laboratory on ground floor were slightly higher than
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those of the meeting room on second floor. Nevertheless, the laboratory contained
less radon gas than the lecturer room on second floor. This could be due to the
presence of natural aerosols that attached to the dust particles of the uncleaned carpet
and accumulated within the room. On contrary, the structure laboratory at the new
building on ground floor had higher radon levels than those of the lecturer room but
markedly lower readings than the meeting room on second floor. The slight increase
in radon level of the meeting room was attributed to the formation of cracks and
openings on its concrete walls through which radon gas seeps. The air exchange
between outdoors and indoors is less likely to occur in modern buildings when
air conditioners are turned off. Conversely, the old buildings may have ventilation
systems that allow the outside air to enter and leave efficiently after mixing with air
indoors on a timely basis.
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Abstract Rapid urbanization had given a big impact on continuous development and
major expansion of urban and population. As the number getting population getting
increase caused the amount of traffic on the road. High number of traffic users in
urban area were increase tremendously and caused a huge traffic impact particularly
during weekday. Then, the bus services should be assessed on operation aspects on
the punctualitywhich also known as on time performance of bus service in urban area.
Therefore, this paper will present the study of evaluating the on-time performance
of urban bus services in southern state Peninsular of Malaysia. The data of on time
performance have been taken at main terminal at capital city of each states such
as, Johor Bahru, Bandaraya Melaka and Seremban. Transit Capacity and Quality of
Service Manual (TCRPM) has been stated as a specific guidelines and key indicators
to determine and analysed the quality service of bus performance in selected area.
There was one focused in this study specific areas would be focused on these studies
namely on time performance factors attributes. The results shows that the total of
departure in Johor Bahru, Bandaraya Melaka and Seremban were 652, 135 and
200 respectively. Meanwhile, percentage of on time departure daily in Johor Bahru,
Bandaraya Melaka and Seremban were 66.17%, 56.15%, and 71.04% respectively.
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The average of percentage of on time departure daily for all routes were 71.04%.
The mean of quality of service (QOS) of on time performance for Johor Bahru,
Melaka and Seremban were classified as a QOS E, E and D respectively. Operators
should monitor the on-time performance for bus services to ensure the passenger’s
trustworthiness and satisfaction towards bus services remined at the optimum level.
Proper information should be installed at the bus terminal in order passenger and
users always updated on routes information such as schedule, departure lane, and
etc. The output of this studies can be used by operators and policy maker to improve
bus services in other urban area as well.

Keywords Urban bus services · Quality of services · On time performance

1 Introduction

Rapid urbanization had given a big impact on continuous development and major
expansion of urban and population.As the number getting population getting increase
caused the amount of traffic on the road [4]. High number of traffic users in urban
area were increase tremendously and caused a huge traffic impact particularly during
weekday [2]. Thus, traffic congestion would occur daily especially during peak hour
in the morning and late afternoon in order to cover a huge number of people move-
ment [6]. According to World Bank, urban resident in this country specifically in
Kuala Lumpur spend an average of 63 min in traffic congestion every day, resulting
in productivity loss of RM 5.5 billion per year and Malaysia is ranked 95th (out
of 100 cities) in Arcadis Sustainability Mobility Index [19]. Developing countries
like Malaysia have urban areas that are densely populated and highly rely on public
transportation [14]. Researchers in developing countries had addresses the significant
concerns about improving public transportation especially bus services [12]. Public
transport model Malaysia Smart City Framework Initiatives launched by Govern-
ment of Malaysia through Ministry of Housing and Local Government in 2016 as
developing smart mobility indicator to reducing traffic congestion, increasing first
and last mile connectivity and accessibility and improving service quality and facility
provision in public transportation [10]. Hence, it is important to identified service
quality for bus services in this country especially in urban area [1].

Government has started to improve bus service in urban area by central the opera-
tion through handing the concession to specific operators as the operators can control
the quality of services [2]. Globalization and technology had leads towards industrial
revolution (IR) 4.0which leads every angle of daily life get connectedwith internet of
thing (IOT) [21]. Government should assist the key player in bus industries to devel-
oped and implemented new technology in bus services to improve service quality
for bus performance namely actual time bus services [21], On time performance
of bus services is also known as punctuality on services according to the schedule.
Normally, one time departure will be considered if the bus departs between 0–5 min,
as stated in the schedule [13]. Besides, one performance is defined as the number
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of on-time bus trips divided by all bus trips for the study systems [8]. Many people
refused to take bus services as their primary transport option because the service is
not available at the time when needed, especially during off peak hours [6]. Some
researchers suggested that, small and medium cities have very little resources and
less monitoring on the level of service as on time performance.

Southern Peninsular of Malaysia consists of three states namely Johor Bahru,
Melaka and Negeri Sembilan. Each state plays a significant role for growth domestic
product (GDP) of Malaysia. Some researcher had address that, certain transport
policies in this country did not focused on the current issues and problem faced by
bus operators as such the insufficient of implementing of public transport connection
between interstate and local bus services [9]. A good service quality is defined as
a development key for economic growth as quality not only contributes to give
less environmental impact, but also supports the capacity of population growth of
places [16, 17]. Currently, less than 25% of people in Malaysia are using public
transport [11]. A study found that, passenger had emphasized the similar problem for
almost a decade such as punctuality of bus drivers, lack of schedule information and
there no continuous supervision by authorities [3, 15]. Authorities and government
should improve bus services coordination, rectified the organization of bus services,
improving terminal facility draw [5, 7] and specific services quality standard for bus
service [9]. On the other note, passenger perception plays a significant impact on
service quality for bus performance because passenger would be acts as customers
demand the good services [20]. Thus, this paper will present the study of evaluating
the on-time performance of urban bus services in Southern Peninsular of Malaysia.

2 Methodology

This section was explained all necessary procedure taken to evaluate the on-time
performance of urban bus services in southern region Peninsular of Malaysia. Three
state have been classified as a southern state in Peninsular of Malaysia namely Johor,
Melaka and Negeri Sembilan. Capital city of each states have been selected in this
study as such to evaluate the on-time performance of urban bus services, Johor Bahru
(Johor), Bandaraya Melaka (Melaka) and Seremban (Negeri Sembilan). Main bus
terminal for local bus services have been selected as a study area such as JB Sentral
(Johor Bahru), Melaka Sentral (Bandaraya Melaka) and Terminal One (Seremban).
These terminals were considered as a transportation hub terminal for local bus
services and located at specifically at downtown for each city. The attribute data
had been collected in January 2020.

There were 29 (JB Sentral), 15 (Melaka Sentral) and 15 (Terminal One) routes
departing for various location in Johor Bahru,Melaka and Seremban respectively. All
bus in these routes have used a several types of buses based on demand on designated
routes. Bus operator were departed from JB Sentral were Causeway Link (111, 505,
7B, 5B, 10B, 777B, KSL, Senai Airport, BET3, MV2, CT1, JPO1, LM1, TD1, &
P101), Maju Bus (208, 227, P102, & Larkin), City Bus (15, 39, 123, 133, 188, &
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Table 1 Quality of Services (QOS) for on time performance percentage (Sources: Transit capacity
and quality of service manual [18])

Service quality A B C D E

On time performance (%) 95–100 90–94 80–89 70–79 <70

33) and S&S International (1, 2, 7, & Larkin/Skudai). Bus operator were departed
fromMelaka Sentral was PanoramaMelaka (1A, 1B, 3, 6A, 8, 9A, 11, 14, 17, 21(A),
23, 24(A), 24 (B), 25 & 34). Meanwhile, bus operator was departed from Terminal
One was MyBus (T10A, T10B, T30A, T30B, T31, T50, T52, T53, T54, T56, T60A,
T60B, T70, F505 & F508). This study is only limited to local bus services which
comprising bus services in Johor Bahru, BandarayaMelaka and Seremban area only.

Transit Capacity and Quality of Service Manual (TCQSM) had selected as a
standards and reference as to evaluate the service quality for bus performance in this
study. One attributeswould be focused on this study namely on time performance. On
time performance percentage is aimed to determine the punctuality of bus departure
based on existing schedule provided by operators. The data would be collected at
departure lane at selected location each city. Punctuality of bus departure would be
divided by four type namely on time, late departure, early departure and no show.
The punctuality of departure time would determine the trustworthiness by passenger
and users towards bus services. Passenger and users insist a short waiting time for
bus services. In some cases, early departure also results no shows passenger as well.
Table 1 shows the category of service quality for on time performance percentage.

3 Results

This section was explained the outcome of this study as to evaluate the quality of
services of urban bus services in southern Peninsular of Malaysia. The results of on
time performance attributes of bus services has been collected in the three capital
cities of southern region of Peninsular of Malaysia namely Johor Bahru, Bandaraya
Melaka andSeremban.On time performance results for all routes in JohorBahru have
been presented in Fig. 1. The total of 652 departure for 29 routes have been recorded
at JB Sentral, Johor Bahru which 66.17% of it have depart according to the schedule.
On the other hand, the results shows that only routes 10B and Larkin/Skudai have
achieves of 91.43% and 92.86% of on time departure percentage respectively and
classified as quality of services A. Most of the routes in Johor Bahru managed to
depart less than 50% of on time departure daily.

On the other hand, on time performance results for all routes in BandarayaMelaka
have been presented in Fig. 2. The total of 135 of bus departure were recorded for
15 different destination at Melaka Sentral. The average of percentage of on time
departure daily for all routes were 56.15%. The highest number of departures daily
was routes 17 but these routes recorded only 30% of on time departure. The highest



Evaluating on Time Performance of Urban Bus Services … 259

0

25

50

75

100

0

20

40

60

80

KS
L

10
B

50
5 5B

77
7B 7B

AA
1

BE
T3

M
V2 CT

1
JP

O
1

LM
1

11
1

TD
1

P1
01 20

8
22

7
P1

02
La

rk
in 15 12

3
13

3
18

8 39 33
1 1 2 7

La
rk

in
/S

ku
da

i

Pe
rc

en
ta

ge
 o

f O
n 

Ti
m

e 
De

pa
rt

ur
e 

Da
ily

   
(%

) 

N
um

be
r o

f D
ep

ar
tu

re
 D

ai
ly

 

Routes

On Time Peformance of Bus Services in Johor Bahru

Number of Departure Daily Percentage of On Time Departure  Daily (%)

Fig. 1 On time performance of bus services in Johor Bahru, Johor

0

20

40

60

80

100

0

10

20

30

Pe
rc

en
ta

ge
 o

f O
n 

Ti
m

e 
De

pa
rt

ur
e 

Da
ily

  (
%

)

N
um

be
r o

f D
ep

ar
tu

re
 D

ai
ly

 

Routes 

On Time Performance of Bus Services in Bandaraya Melaka 

Number of Departure Daily

Fig. 2 On time performance of bus services in Bandaraya Melaka, Melaka

percentage of time departure daily was routes 6A which 85.17%. Based on the
guidelines on previous section, it shows that only three routes were classified as
quality of services (QOS) C namely routes 6A, 11 and 14 represented by 85.71%,
81.82% and 80.00% respectively.

Next, on time performance results for all routes in Seremban have been presented
in Fig. 3. The total of 200 of bus departure were recorded for 15 different destination
in at Terminal One. The average of percentage of on time departure daily for all
routes were 71.04%. The highest number of departures daily was routes T10B, and
these routes managed to depart with 88.00% of on time departure. Based on the
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Table 2 The mean of quality of service (QOS) of on time performance of urban bus services in
Southern Peninsular of Malaysia

Location Quality of Services (QOS) Mean QOS

A B C D E

Johor Bahru 2 – 2 11 14 E

Melaka – – 3 2 10 E

Seremban 2 1 4 2 6 D

guidelines, it shows that only two routes were classified as quality of services (QOS)
A namely routes T60A and T60B and both routes managed to record 100% of on
time departure daily respectively.

As explained pervious section, on time performance is one of quality of service
(QOS) attributes for bus services. Hence, Table 2 shows the mean of quality of
service (QOS) of on time performance of urban bus services in Southern Peninsular
of Malaysia. The mean of quality of service (QOS) of on time performance for Johor
Bahru,Melaka and Serembanwere classified as a QOSE, E andD respectively.Most
of routes in these cities were classified as QOS E and only few routes were managed
to be classified as QOS A & B in these studies. There are lot of factor that should
be considered that should be identify by operators as such to improve the quality of
services (QOS) of on time performance in these cities.

4 Conclusion

Peninsular of Malaysia. Southern States of Peninsular of Malaysia consist of Johor,
Melaka and Negeri Sembilan. Capital city of each southern region of Peninsular
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of Malaysia have selected in this study. This study was conducted used by Transit
Capacity and Quality of Service of Manual (TCPRM) as guidelines and reference to
conduct this study. Capital city of each of southern state were selected in this study.
All departure for every route were recorded in this study. The main terminal of each
capital was selected namely JB Sentral (Johor Bahru), Melaka Sentral (Bandaraya
Melaka) and Terminal One (Seremban). As explained in methodology section, this
study was focusing the data collection of on time performance of urban bus services.
The result shows that the total of 652 departure for 29 routes have been recorded at
JB Sentral, Johor Bahru which 66.17% of it have depart according to the schedule. In
Bandaraya Melaka, the total of 135 of bus departure were recorded for 15 different
destination and the average of percentage of on timedeparture daily for all routeswere
56.15%. The total of 200 of bus departure were recorded for 15 different destination
in at Terminal One. The average of percentage of on time departure daily for all routes
were 71.04%. Themean of quality of service (QOS) of on time performance for Johor
Bahru, Melaka and Seremban were classified as a QOS E, E and D respectively.
Operators should monitor the on-time performance for bus services to ensure the
passenger’s trustworthiness and satisfaction towards bus services remined at the
optimum level. On the other hand, on time performance during peak hours should
addressed by authority and operators as the delay always occurred due to high number
of passenger and the traffic congestion on the journey to the designated destinations.
Proper information should be installed at the bus terminal in order passenger and
users always updated on routes information such as schedule, departure lane, and
etc. The output of this studies can be used by operators and policy maker to improve
bus services in other urban area as well. Authorities and government should monitor
the effectiveness of performance bus services continuously as the quality of bus
services considered as important issues risen in urban area since many years ago.
This study should be repeated for both weekend and weekdays as the comparison
data of bus services in weekend and weekday also can be made. Future studies in
this topic by others researcher is highly recommended.
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Assessing the Passenger Load of Urban
Bus Services in Southern States
Peninsular of Malaysia
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Abstract Urbanization process represents the increase in the proportion people
living in towns and cities as a results of people movement from rural areas to urban
areas. As the growing population in urban area increase tremendously and the high
amount of traffic volume on the road would cause a huge traffic congestion in city
area as well as suburb area. Moreover, the bus services should be assessed on oper-
ation aspects on the number of passengers had been used bus service recently and
expectation of passenger and users towards bus services. Therefore, this paper will
present the study of assessing the passenger load of urban bus services in southern
state Peninsular of Malaysia. Passenger load data have been taken at main terminal
at capital city of each states such as, Johor Bahru, Bandaraya Melaka and Seremban.
Transit Capacity and Quality of Service Manual (TCRPM) has been stated as a
specific guidelines and key indicators to determine and analyzed the quality service
of bus performance in selected area. There was one focused in this study specific
areas would be focused on these studies namely passenger load factors attributes.
The results show that mean of quality of service (QOS) of on time performance for
Johor Bahru, Melaka and Seremban were classified as a QOS B, A and A respec-
tively. Most of the routes in these cities were classified as QOS A, two routes were
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classified as QOS B and two routes were classified as QOS C. Some improvement on
these three attributes should be made to increase the quality of service. The outcome
of these studies should be used as an indication by operators to measure their bus
services. Since this city is capital city in southern state in Malaysia, authorities and
government can used this outcome as their inputs to measure the effectiveness of
public transportation in urban area.

Keywords Urban bus services · Quality of Services · Passenger load

1 Introduction

Urbanization process represents the increase in the proportion people living in towns
and cities as a results of people movement from rural areas to urban areas. This
process also called as a process that leads to the growth of cities due to industrializa-
tion and economic development, that leads to urban specific changes in specifically
labor division and human behaviors [11]. Demand of daily movement from one place
to another also getting increase as part of an economic development purpose [5, 6].
As the growing population in urban area increase tremendously and the high amount
of traffic volume on the roadwould cause a huge traffic congestion in city area as well
as suburb area [4]. Thus, traffic congestion would occur daily especially during peak
hour in the morning and late afternoon in order to cover a huge number of people
movement [8]. Report released by Ministry Housing and Local Council reported
that public transport modal share in Malaysia in 2017 is only 20%, compared to 66%
recorded in Singapore, while 82% of Malaysia households owns a car. Currently in
Malaysia, there more than 28 billion vehicles on the road [10]. With the recent initia-
tive launched by Government of Malaysia on implementing Malaysia Smart City
Framework public transportation mode in Malaysia would be expected to increase
to 40% by 2030 [9].

Passenger load is an attribute that refer to passengers who have the opportuni-
ties to get a seat when riding the bus and to identify the overall crowding level on
the vehicle [15, 17]. Passenger load analysis is suggested to be conducted during
peak hours, non-peak hours, weekdays and weekends to analyze the number of
passenger load, as well as the service provided by operators [14, 17]. Previous
studies suggested that operators should try to utilize the maximum bus capacity
while taking into account the constraints in number of seats and available buses
[2]. Several researchers addressed that modern public transportation system model
should be developed including passenger demands, bus capacity and transportation
network. The capacity demand should be continuously assessed as demand reached
the maximum, especially during peak hours [21, 23]. Therefore, operators are highly
recommended to increase the frequency number because lack of bus capacity will
increase passenger waiting time at stations and bus stops [12, 24]. Service provider
to identify and addressed all customer perceptions and their demand according and
tried their best to rectify all weakness accordingly [3, 20]. Operators should also
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implement level of services (LOS) assessment plays as a standard measurement
for determine an acceptable level of quality of services for each attribute [17, 22].
Authority and operators should establish an attractive, safe and highly sophisticated
public bus service [13].

Southern Peninsular of Malaysia consists of three states namely Johor Bahru,
Melaka andNegeri Sembilan. Each state plays a significant role for economic growth
in Malaysia. Instead of using private vehicles, public transportation should be a
connector between people from one point to another point. Bus services should be
assessed regularly on its operation aspects provided by operators and the under-
standing on passenger perceptions and expectation of passenger and users towards
bus services [14]. Passenger and user in this country facing a continuous problem
daily such as limited of area covered by bus services and excess number of passen-
gers during peak hours in weekdays (passenger load) in urban area [1]. Generally,
customers would express good perception if the service given reach their expectation
and reached aminimum acceptable standard of service [13, 14]. Previous studies also
justified that overall satisfaction and behavioral intentions would an important factor
to analysis service quality of bus services on qualitative aspects [16, 19]. A better
understanding of bus services is required as to rectify the quality of services and the
increasing of passenger and user used bus services [8]. Quantitative measurement
on service quality would include hours of services, service frequency passenger load
factors and on time performance, as this attribute should be measured according to
transportation engineering knowledge [7]. Therefore, this paperwill present the study
of assessing the passenger load of urban bus services in southern state Peninsular of
Malaysia.

2 Methodology

In this section, the method and procedure would be explained in detail as such to
assessing the passenger load of urban bus services in southern region in Peninsular of
Malaysia. There are three stated have been identified as southern region in Peninsular
of Malaysia such as Johor, Melaka and Negeri Sembilan. Capital city of each state
have been selected in this study as these cities were considered as the most urbanized
and center of administration and economy in these states. Capital states for each
state comprises of Johor Bahru (Johor), Bandaraya Melaka (Melaka) and Seremban
(Negeri Sembilan). Main bus terminal for local bus services have been selected as
a study area such as JB Sentral (Johor Bahru), Melaka Sentral (Bandaraya Melaka)
and Terminal One (Seremban). These terminals were considered as a transportation
hub terminal for local bus services and located at specifically at downtown for each
city. The attribute data had been collected in January 2020.

There were 29 (JB Sentral), 15 (Melaka Sentral) and 15 (Terminal One) routes
departing for various location in Johor Bahru,Melaka and Seremban respectively. All
bus in these routes have used a several types of buses based on demand on designated
routes. Bus operator were departed from JB Sentral were Causeway Link (111, 505,
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Table 1 Quality of Services (QOS) for passenger load factor (Sources: Transit capacity and quality
of service manual [18])

Quality of service A B C D E F

Passenger load
(passenger/seat)

0.00–0.50 0.51–0.75 0.76–1.00 1.01–1.25 1.26–1.50 >1.50

7B, 5B, 10B, 777B, KSL, Senai Airport, BET3, MV2, CT1, JPO1, LM1, TD1, &
P101), Maju Bus (208, 227, P102, & Larkin), City Bus (15, 39, 123, 133, 188, &
33) and S&S International (1, 2, 7, & Larkin/Skudai). Bus operator were departed
fromMelaka Sentral was PanoramaMelaka (1A, 1B, 3, 6A, 8, 9A, 11, 14, 17, 21(A),
23, 24(A), 24 (B), 25 & 34). Meanwhile, bus operator was departed from Terminal
One was MyBus (T10A, T10B, T30A, T30B, T31, T50, T52, T53, T54, T56, T60A,
T60B, T70, F505 & F508). This study is only limited to local bus services which
comprising bus services in Johor Bahru, BandarayaMelaka and Seremban area only.

Transit Capacity and Quality of Service Manual (TCQSM) had selected as a
standards and reference as to assessing the service quality passenger load in this study.
Passenger load factor would be focused on this study. The data of passenger would
be taken for roundtrip. Hence, five different routes would be chosen in this study as
it should represent different destination in Johor Bahru, Melaka and Seremban. Data
of passenger load were collected on weekdays only as the number of passengers on
weekday were expected to be higher than weekends. The average of passenger for
the roundtrip journey would be calculated divided by total of seat provided in the
bus as shown in Eq. 1 and the number of seats provided might be different based
type and bus model used by operators. As per journey, the average of passenger load
will be counted. The passenger load would be calculated for both return journey.
Lastly, the quality of services (QOS) for passenger load attributes will be classified
to determined level of quality of service in this study. The quality of service (QOS)
would be determined based on the passenger load for each route. Table 1 shows
quality of services based on load passenger factor.

Passenger Load = Load Factors = No.of Passernger

No.of seats provided
(1)

3 Results

In this section, the results of the passenger load of bus services in southern region
of Peninsular of Malaysia namely Johor Bahru, Bandaraya Melaka and Seremban
would be explained in detail. The total of five routes have been selected as such to
determine the passenger load factors for bus services in Johor Bahru. Figure 1 shows
the summarization of passenger load factors for Johor Bahru. The result shows that
the highest number of passengers on these routes was routes 10B which recorded 82



Assessing the Passenger Load of Urban Bus Services … 267

0.0

0.2

0.4

0.6

0.8

1.0

0

25

50

75

100

7B 5B 10B 505 KSL MV2 Av
er

ag
e 

of
 P

as
se

ng
er

 L
oa

d

N
um

be
r o

f P
as

se
ng

er
 B

oa
rd

in
g 

Routes

Passenger Load Factor For Bus Services In Johor Bahru

Number of passenger boarding Average of passenger load

Fig. 1 Passenger load for bus services in Johor Bahru, Johor

passengers boarding in this trip and the average of passenger was 0.80. Meanwhile,
the lowest number of passengers on these routes was routes MV2 which recorded
only 14 passengers boarding in these trips and the average of passenger was 0.22.
The average of passenger load of these five routes in Johor Bahru were 0.56.

On the other hand, the total of six routes have been selected as such to determine the
passenger load factors for bus services in Bandar. Figure 2 shows the summarization
of passenger load factors for bus services in Bandaraya Melaka. Only routes 14 and
17 have been recorded the number of passengers more than 30 passenger and each
route recorded the average of passenger load of 0.26 and 0.23 respectively. While
there were two routes were recorded the number of passengers less than 10 passenger
in this trip namely routes 3 and 17 and each route recorded the average of passenger
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Fig. 2 Passenger load for bus services in Bandaraya Melaka, Melaka
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Fig. 3 Passenger load for bus services in Seremban, Negeri Sembilan

load of 0.15 and 0.06 respectively. The average of passenger load of these six routes
in Bandaraya Melaka were 015.

In Seremban, Negeri Sembilan, there were also six routes have been selected to
determine the passenger load for bus services. Figure 3 shows the summarization of
passenger load factors for bus services in Seremban. The results show that routes
have recorded the highest passenger boarding in designated trip was routes T30A
which recorded the total of 72 passenger boarding. Thus, the average of passenger
load for these routes was 0.58. There were two routes were recorded the number of
passengers less than 10 passenger in this trip namely routes T70 and F505 and each
route recorded the average of passenger load of 7 and 9 respectively. The average of
passenger load of these six routes in Seremban were 0.24.

Passenger load is one of quality of service (QOS) attributes in determine quality
of services for bus services as explained in pervious section. Therefore, Table 2
shows the mean of services quality (QOS) of passenger load for urban bus services
in Southern Peninsular of Malaysia. The mean of quality of service (QOS) of on
time performance for Johor Bahru, Melaka and Seremban were classified as a QOS
B, A and A respectively. Most of the routes in these cities were classified as QOS A,
two routes were classified as QOS B and two routes were classified as QOS C. The

Table 2 Themean of quality of service (QOS) of passenger load for urban bus services in Southern
Peninsular of Malaysia

Location Quality of Services (QOS) Mean QOS

A B C D E

Johor Bahru 2 1 2 – – B

Melaka 5 – – – – A

Seremban 4 1 – – – A
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passenger load attributes were representing the volume of passenger were boarding
from one destination to other destination using bus services. Yet, The number of
passengers still low for the most of destination in these cities especially in Melaka.

4 Conclusion

This study is focusing on assessing the passenger load of urban bus services in
southern states Peninsular of Malaysia. Southern region of Peninsular of Malaysia
consists of Johor, Melaka and Negeri Sembilan. Capital city of each southern states
in Peninsular of Malaysia have selected in this study. This study was conducted
using procedure and approach that been proposed by Transit Capacity and Quality of
Service ofManual (TCPRM). Five and six routes have been selected for each location
depends on suitability and bus availability. The highest number of passenger boarding
was route 10B in Johor Bahru recorded 82 passenger and the lowest passenger
boarding was route T70 recorded with only 7 passengers. Johor Bahru recorded
the highest number of passenger boarding followed by Seremban and Melaka. Johor
Bahru recorded the highest number of passengers used bus services as such Johor
Bahru is the only land entrance to Singapore. The average of quality of services for
Johor Bahru was QOS B and for Melaka and Seremban the quality of service was
QOS A. On the other hand, authority should play a significant role to increase the
number of passengers in Bandaraya Melaka since this state in one of the smaller
states in Malaysia which face high number of traffic volume in peak hours period.
Besides, this state also a main historical tourism attraction in this country. The output
of this studies can be used by operators and policy maker to improve bus services
in other urban area as well. Since these cities in Malaysia were capital city for each
states, authorities and government can used this outcome as their inputs to measure
the effectiveness of public transportation in urban area. Future studies in this topic
by others researcher is highly recommended.
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Observation on Landslide Occurrence
by the Rise of Groundwater After
Prolong Rainfall Event

Nor Hazwani Nor Khalid, Fathoni Usman, Rohayu Che Omar,
Shuhairy Norhisham, and Azwin Zailti Abdul Razad

Abstract Landslide is one of the natural disasters that gained attention worldwide
these days. The effects are not only limited to changes in topography but also cause
fatality. Rainfall and groundwater are among the factors that contribute to landslide
occurrence. This study focused on finding the possibility of groundwater increment
after prolong rainfall events that might lead to landslide occurrence. Thus, slopes
that have a landslide history located at three different locations were selected for
rainfall and groundwater monitoring. After a year of observation, the longest time of
prolonged rainfall was selected for further analysis. The study found that prolonged
rainfall does not cause an increment to the groundwater level.

Keywords Prolong rainfall · Groundwater · Landslide · Sandy-SILT

1 Introduction

Malaysia has received an average of 2400 mm rainfall annually [1, 2]. The rainfall
pattern in Malaysia is influenced by two Monsoon seasons, which are Southwest
and Northeast Monsoon. Study conducted by [3–5] found that the rainfall trend
in Malaysia is increasing [6]. Stated that landslides disaster in Malaysia normally
occur during the monsoon season, which usually affected hilly topography areas.
The impact of rainfall that leads to landslide incidence in Malaysia was also studied
by [2, 4, 7–9], using various techniques and approaches. However, all studies have
agreed that rainfall is the main factor in triggering the occurrence of slope failure.

Rainfall increases the groundwater level which eventually contributes to slope
failure [10–15].Nevertheless, the groundwater level is highly dependingon the ability
of the soil to absorb water, especially during water penetration into the ground [12,
13, 16–22]. As water seeps through the ground, the pore water pressure will increase
and lower the matric suction. The increment of water content consequently reduces
the shear strength between soil particles and this phenomenon will lead to slope
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displacement. A study conducted by [10] through site monitoring and laboratory
simulation of pore-water pressure stated that rainfall infiltration has initiate landslide
by a decrement in soil suction and increment of the groundwater level, especially for
unsaturated slope. However, not all unsaturated slopes will fail due to the increment
of the groundwater level, since it is depending on the permeability in the unsaturated
zone above the phreatic surface. Low permeability above the phreatic surface will
cause a delay in groundwater level increment [23]. In other studies on the effect of
rainfall infiltration on the increment of groundwater, it was found that the increment
is depending on the flux boundary condition of the ground surface (wetting front),
infiltration rate, matric suction reduction depth, and evapotranspiration [24–26].

This paper presents a result on the observation of groundwater level increment
during prolonged rainfall events for sandy-SILT type of soil in hilly areas.

2 Study Area

The study was conducted at three different slopes located within hilly area in two
different states in Peninsular Malaysia, which are Terengganu and Kelantan. Slope
A and B are in Terengganu, while, slope C is in Kelantan. The distance between A
and B is 850 m apart, while location C is 124 km away from A and B. The study
areas are in hilly topography, near fault lines that makes the areas prone to landslides
(Fig. 1). The locations were chosen based on their historical landslide and crack
signed appear on the surface of the concrete cover, as in Fig. 2.

3 Methodology

This study was a continuity from the previous studies in [27, 28], where this study
will focus on the rise of groundwater during a prolonged rainfall event. A set of
instruments to monitor landslide occurrence were installed at three locations and two
of them are rain gauge and piezometer. A soil sample from the borehole was used to
determine the types of soil, while the borehole itself was used to place the piezometer.
The soil type at locations A, B, and C are Sandy-SILT. The piezometers are installed
at a depth between 18–20mon the slope, depending on the hard layer of the slope. The
initial reading was recorded and was used as a reference in the analysis stage. After
the installation work was done, the rain gauge and the piezometer were connected
to the data logger. The data collection process was started after the instruments were
smoothly sent the data into the data logger. Those slopes are monitored for a year and
the longest prolong rainfall event for each slope was chosen to be further analyzed.
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Fig. 1 The study areas

Fig. 2 Crack and settlement indicate active landslide occurs at the slope

4 Discussion and Analysis

To determine the response of groundwater to the received rainfall for locations A, B,
andC, the cumulative rainfall, rainfall duration, and groundwater level data fromeach
location were plotted and shown in Fig. 3. The groundwater for location A is at 18 m,
location B is at 19 m and location C is at 19 m underground. The study discovered
that the changes in groundwater are insignificant to the increment of rainfall. [23]
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Fig. 3 Cummulative rainfall and groundwater level for the studies slopes

stated that unsaturated soil with low permeability might delay the rising of the water
table. This is due to the longer time taken for pore-water pressure to be equalized.

According to [20], landslide might not occur during or immediately after
prolonged rainfall for fine-grained soil such as the one found at all the studied slope
locations (sandy silt), but the landslide occurrence might happen few hours or even
days after the rainfall event. This is due to the suction redistribution pattern, where
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the infiltration rate is greatest at the crest of a slope, followed by the face, and finally
at the toe of the slope. A study on a phase of infiltration and wetting front conducted
by Rahardjo et al. [24] found that matric suction was reduced as the depth increased.
The findings as illustrated in Fig. 4, which was involving depth of wetting front
(DWF) and matric suction reduction depth (DRn). In addition, the same findings
were also discovered by another study conducted by Lee et al. [8] where the study
focused on comparing four types of soil which were sand gravel, silty gravel, sandy
silt, and silt (kaolin). Based on the extreme rainfall and soil hydraulic properties as
input data for the numerical simulation, a suction envelop was determined. For sandy
silt, the critical suction envelops (maximum depth) was at six meters to seven meters,
as shown in Fig. 5. A study on groundwater fluctuation conditions during 15 h of
prolonged heavy rainfall found that rainfall has cause increment of the groundwater
about 25 mm. The fluctuation is highly affected by evaporation and transpiration
activities caused by its surroundings [28]. Moreover, no research proved that water
tables rise significantly and trigger slope failure. Most of the landslide occurs above
the groundwater table that is usually one to three meters below the surface [29]. In
this study, since the groundwater level is very deep and does not increase even to one
meter during heavy rainfall, the possibility of a landslide occurrence due to the rising
of the water table is almost impossible. The crack sign found on the slope surface
might be cause by the increment in perched water that exist near the surface.

(a) Initial condition   
(b) Immediate after start of rainfall   
(c) Immediate before the cessation of rainfall   
(d) Immediate after cessation of rainfall   
(e) Long after rainfall ended

Fig. 4 Dept of wetting front and matric suction reduction depth by [24]
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Fig. 5 Suction envelope by Lee et al. [8]

5 Conclusion

Observation on the groundwater level and the received rainfall at three different
slopes discovered that the groundwater level does not rise and is impossible to cause
the landslide occurrence. It was suspected that the landslide had occurred due to the
volume increment in a perched water table formed by antecedent rainfall.

Acknowledgements The authors would like to thank Tenaga Nasional Berhad (TNB) for the
funding and support in making this study successfully achieve the objective.
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Architectural Spaces of Comics: Social
and Visual Representations

Lim Poh Im and Yap Wei Tyng

Abstract Comics is used to communicate messages in a fun story-telling manner,
while architectural visuals are commonly appreciated through drawings. This paper
discusses the potentials of comics as an important communication medium. It
explores how comics aid in showcasing architectural ideas with unique visual
representations. Besides this, comics is a tool to communicate nuances of social
phenomena. Our study employed content analysis on selected comics; supported by
interviews with comic artists and architects. Findings suggest that comics project
architectural spaces in easy comprehension as it breaks the formality of architecture
presentations and translate them into laymen’s terms. The uniqueness in the visual
representations allow artists to express art and convey intended messages in lively
manners. Referring to selected comics from Malaysia, our study demonstrates how
the local comic contents are very much ingrained in the local context, and how they
have manifested contemporary social, cultural, and political scenarios with symbolic
visual representations. The study suggests that comics should be further explored to
be used as a useful alternative medium in architecture communications.

Keywords Comics and architecture · Architecture spaces in comics · Social
representations of comics ·Malaysian comics

1 Introduction

Comics is a graphic medium to deliver an artist’s messages through sequential art.
Comic art has been used as a medium in spreading information, as well as enter-
tainment reading materials especially in mainland Europe, America and Japan [1].
Besides, comics were used in communicating architecture utopian ideals and in
highlighting issues affecting society in different historical periods. This paper aims
to discuss the relationships between comics and architecture, focussing on imagi-
nary spaces and spatial experiences of comics, and it’s roles and potentials as social
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representations. Referring to selected comics fromMalaysia, our study explores how
these comics had manifested local social, cultural, and political scenarios with vivid
symbolic representations.

2 Literature Review

Comics are mediums of expressions combining images with text, it provides readers
with easily comprehensible messages, which goes beyond literacy levels. Reading
comics can heighten human cognition and perception, as the images are accompanied
with text, rather than only relying on text alone [2]. Instead of demanding a reader to
assemble their own movement through a series of spaces, comics control how spatial
information is presented to the reader. By doing so comics emphasise the nature of a
space or series of spaces, and therefore assist in communicating architectural intent
to the reader [1].

Traditionally, architecture is mostly presented in static form, depicting spaces or
forms of a particular time. Some of the earliest use of comics in communicating
design ideas can be found in Le Corbusier’s ‘Ville Radieuse’ (Radiant City) and
Frank Lloyd Right’s Broadacre City. In Lettre a Madame Meyer (1925), Corbusier
applied a cartoon/comic strips style of presentation where he drew spaces of building
in separate panels, accompanied by narratives to explain the expected experience
of the building. Rather than using a typical orthographic drawing, the comic-like
graphics were able to communicate the ideas in an easily comprehensible manner to
his layman client [3].

In the present time, architectural drawings are aided by advanced software tech-
nology, they may be lacking in terms of narratives to interpret the meanings of
design. Human figures may appear lifeless as they are just attachment to the build-
ings. Indeed, comics have abilities to mimic elements of the real world. The non-
repetitive frames arouse the curiosity to continue to uncover the stories. For example,
the perspectives of the Superheroes allow the readers to immerse in the architec-
ture wonders of the city. Besides this, comics can highlight societal conditions in
its representations. Moscovici defined social representation as social understanding
that deferred with cultures [4]. For instance, the character ofWonder Woman created
by William Moulton Marston, was a symbol of feminism. As the first female super-
hero, she depicted women taking over typical male occupied important positions in
World-War II. The character represented the feminist’s empowerment, countering
the masculine-dominated world [5].

3 Methodology

This research is based on qualitative approach. Content analysis was carried out on
selected Malaysian comics with support from purposive interviews. The selected
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comics were screened and categorised based on the research aims, analysis was
carried out on the technique and style, along with relevant messages and visual
graphics that represented the themes. Interviews were conducted with comic artists
who were involved in producing architecture related comics and artists who success-
fully published their comic works. Triangulation was done on both interviews and
content analysis to derive critical insights on the topic.

4 Findings and Discussion

Comics have been in existence since the British colonial period. Initially, they were
used as a tool for political propaganda. Through time, they evolved into graphic
novels or comic books for educational purposes, recording historical culture and
entertainment for children and adults [6]. Local comics frequently showcase rich
fabrics of our multi-ethnic society and its’ associated socio-political nuances. This
section is based on our analysis on six selected comics: 1. Ipoh Mali: 80s as we were
by Kumar Nagalingam; 2. Ge Mei Liang or Kokko & May by Eddie See Yew Lee; 3.
Kampung Boy series by Lat; 4. TwitTwit Cincin by Zulkiflee Anwar Haque or Zunar;
5. Cartoon series by Reggie Lee and 6. The Blue Mansion by Lim Eu Jin.

Ipoh Mali painted the scenarios of Ipoh in the eighties through the eyes of a local
boy. The artist described Buntong then as ‘the wild west of Ipoh’ and the Buntong
Market a place he would cycle with his dad for breakfast. Here, the urban elements
and street characters of a secondary towns inMalaysia were projected vividly. In one
example, the liveliness of the marketplace frequented by the multi-ethnic locals was
showcased from the speech bubbles in three languages (Fig. 1).

InGeMei Liang series, using the core family, school and environment surrounded
the upbring of a pair of siblings, KoKo and Mei, the comics impart life lessons,
moral and societal values to young readers. The stories painted unique facets of
typical Malaysian culture from their spoken language, food, festivals, pastimes, etc.
For example, in a scene of a wedding (Fig. 2), local Chinese customs and values
were vividly seen from the hall decorations, nags of the parents to their children
emphasised the virtues of punctuality, greeting relatives and table manners.

Another example of how comics are used to illustrate local customs is the
ever-popular Kampung Boy series. The series were Lat’s autobiography, portraying
himself as the main character, reminisced his simple life as a child who grew up
in a village, his adventures in the jungles and tin mines, his circumcision, family
and school life. In one example (Fig. 3), Lat was dressed in traditional costumes,
seated on floor mat having a big feast with families and friends in a ‘berkhatan’
ritual.1 Indirectly, Lat used his art to help educate the young about his faith. Besides
this, Lat helped painted the harmonious sides of Malaysians, with his drawings of

1 ‘Majlis Berkhatan’ (circumcision ceremony) is celebrated by the Malay Muslim to commemorate
the coming-of-age of a boy when they turn ten years old.
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Fig. 1 Scenario of a wet market, “Ipoh Mali”

Fig. 2 A wedding ceremony, GeMeiLiang
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Fig. 3 Scenes of a village kid at a circumcision ceremony, Kampung Boy

crowd scenes and interactions. Muliyadi described Lat’s style as “subtle, indirect,
and symbolic” in portraying the Malaysian humour [7].

Besides the day-to-day lives and social circumstances, comics are frequently used
as political satire to voice the grouses and frustrations of the common folks, such as
misuse of power of the rich ruling elites. During the 1MDB episodes, comics were
used by whistle blowers to either inform, alert, or highlight politcal situations using
funny caricatures. This includes comics such as TwitTwit Cincin by Zulkiflee Anwar
Haque or Zunar; and cartoon series by Reggie Lee.

In The Blue Mansion, the social fabrics and architecture of colonial era were
depicted by detailing the activities, building elements and courtyard interior. The
plot was based on the romanticised daily life of a Chinese tycoon Cheong Fatt
Tze. Readers experienced the immediate context of the wondrous architecture and
magical spaces of Straits Chinese mansion. For example, in Fig. 4, the roofscape and
the aesthetic mansion were brought to life through the birds’ eye view. The intricate
details of roof tile patterns, tea drinking culture and fine ornaments of the interior
were magnified through the backdrop of the rain drops.
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Fig. 4 Architecture detailing in The Blue Mansion

5 Conclusion

As shown in our examples, comics has been a fascinating medium with its unique
capacity to integrate communication, space, and movement to provide readers with
a wholesome enjoyable reading experience, through the combinations of human
character, narratives, and vivid physical setting; usingmultiple angles and techniques
to convey messages. The selected comics referred in this research are just some
examples. They highlight the essence of the Malaysian society reflecting the local
lifestyles and living culture, at times they are used as means to raise awareness on
social unjust and oppression of the state. The choice ofmetaphors and use of common
themes, developed in simple strokes and vivid colours appeal to the mass. The lesson
to learn is that visual representations of architecture could emulate the techniques,
strategies, and aesthetics of the graphic narrative, as this would break the formality of
formal presentations so that it is more appealing and result in better comprehension
to the lay person.
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European Union’s Role in Handling
Overtourism (Case Study in Venice,
Barcelona, and Santorini)

Najmah Azzahra and Henny Saptatia Drajati Nugrahani

Abstract The tourism industry in Europe is growing rapidly especially from 2017
to 2019. The increasing number of tourist arrivals has negative impacts on tourism,
such as overtourism. The phenomenon occurs when there are too many visitors
in certain tourism destinations and impacted the quality of life in the area. Over-
tourism has negative impacts such as environmental damage, damage to cultural
sites, economic inequality, and damage to life quality of the local community. This
paper aims to analyze the phenomenon that currently raising in European Union
member states. The focus of this paper is EU’s role in handling overtourism that
occurring in Venice, Barcelona, and Santorini as the cities mentioned are located in
EU’s member states. This research is a qualitative study, with case study of over-
tourism occuring in Venice, Barcelona, and Santorini. The theme is analyzed using
formal intergovernmental organization and compliance theories. It is found that Euro-
pean Union’s role in handling overtourism in Venice, Barcelona, and Santorini is by
applying their regulations in environmental, tourism, and sustainability fields to the
mentioned countries because EU is a supranational intergovernmental institution and
their member states have to comply every regulations made by EU.

Keywords European Union · Overtoursim · Formal intergovernmental
organization · Compliance

1 Introduction

Tourism is one of the fastest growing industries. The tourism industry in Europe, is
growing rapidly because European countries have the most popular and most visited
tourist destinations. The international tourist arrivals in Europe in 2018 reached 713
million [16]. This number increased by 6% from 2017. In 2019, data on international
tourists coming to Europe shows an increase of 4% from 2018 [16]. The UNWTO
predicts that this number will reach 1.8 billion by 2030 [16].
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The increasing number of tourist arrivals gave negative impacts on tourism, such
as overtourism. This phenomenon occurs when there are so many tourists come
to a certain tourism destination that it exceeds the capacity [16]. Moreover, some
tourists do not protect the environment of the tourist destinations they visit [16]. The
phenomenon created several damages to environmental, cultural sites, economic
inequality, and the quality of life of local communities [16].

One of the overtourism locations is Venice in Italy. Data in 2017 shows that the
number of tourists visiting and staying in Venice reached 10.2 million, while the
number of tourists visiting without staying overnight reached 35 million [12]. The
number of tourists in Venice is much greater than the number of local residents. The
total local population in 2019 is around 270,000 [7]. This number is decreasing as
the arrival of tourists in Venice is increasing, causing local residents to feel like they
are losing their city and decide to move to another city [7].

The phenomenon of overtourism in Venice has caused damage to the environment
like lagoons and cultural sites. The Italian government did not immediately address
this phenomenon because tourism is one of the main sectors that contributed a lot to
Italy’s per capita income amid its economic crisis [15]. In 2017, the contribution of
the tourism sector to Italy’s GDP was 223.2 billion Euros, 13% of Italy’s total GDP
in 2017 [15]. This number has increased in 2018, with a total GDP of the tourism
sector of 227.3 billion Euros [15].

Another city, Barcelona in Spain, is one of the most visited tourist destinations. In
2018, the total number of tourists visiting Barcelona was 32 million, far more than
the number of Barcelona residents who were only 5.5 million [18]. Spain’s revenue
from the tourism sector in 2018 was 176 billion euros, 16% of the total Spanish GDP
[18].

Tourism is a main sector in Spain, but many problems arise as a result of over-
tourism. Based on Barcelona Barometer, in June 2017 local residents consider
tourism to be one of the most important issues [2]. In December 2017, tourism
was considered the fourth biggest problem [2]. The explosion of visiting tourists
as well as the unstable political conditions in Barcelona caused the quality of life
of the local population to suffer, resulting in negative views on tourism and several
demonstrations protesting against tourism policy in Barcelona [2].

The tourism sector in Greece is one of themain sectors for the country’s economic
income. In 2017, the World Travel & Tourism Council reported that out of 185
countries, Greece was ranked 25th in tourism sector contribution to GDP, 40th in
contribution to employment, 40th in investment contribution, and 21st in total foreign
tourists who come to tour [18]. The number of tourists who came to Greece in 2018
reached 32 million, a drastic increase from 15 million in 2010 [1].

Tourist arrivals to Santorini, Greece, reached more than two million in 2018, up
from 1.7 million in 2017 [10]. The locals in Santorini are aware of the impact of
overtourism [14]. Living costs are getting more expensive and many migrants work
and become permanent residents in Santorini but have difficulty paying the rent [14].
Local residents also complain that the development of the tourism sector has caused
nature to be damaged by the continuous construction of construction, both legally
and illegally [14].
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This study focuses on Venice, Barcelona and Santorini because they are located in
Italy, Spain and Greece, which are located in Southern Europe. The three countries
experienced an economic crisis from 2009 to 2019, so that tourism has become one
of the sectors that are relied on for their country’s income. Even though the three
countries experienced a crisis, the tourism sector continued to run smoothly, even
causing overtourism.

Based on Table 1, it can be seen that the number of tourists who come to those
cities is much larger than the local residents. The large number of tourists has caused
various negative impacts in those cities. However, the governments of Italy, Spain
and Greece did not immediately take action to deal with overtourism.

The phenomenon that occurred in Venice, Barcelona and Santorini is interesting
to study because it has several similarities. It is located in three countries in Southern
Europe with economic crisis and their governments do not immediately take action
to deal with the phenomenon of overtourism in their countries. The cities are located
in Italy, Spain and Greece, which are member states of the European Union. As
member states of the European Union, the three countries must comply with EU
policies in the field of environment and tourism. This study will discuss the extent
of the European Union’s role in dealing with the phenomenon of overtourism that
occurred in Venice, Barcelona and Santorini.

Table 1 Overtourism comparison table in Venice, Barcelona and Santorini Year 2018 15

No City name Number of tourists Total population Impacts

1 Venice 36,500,000 [15] 260,897 [15] Damage to canals,
environmental pollution,
disrupting the activities of local
residents, increasing the cost of
living [7]

2 Barcelona 32,000,000 [1] 5,541,127 [18] Disturbing the activities of local
residents, increasing living costs,
damage to cultural sites and
environmental pollution [18]

3 Santorini 2,500,000 [10] 15,545 [10] Damage to cultural sites, many
tourists who later become
permanent residents so that local
residents are disturbed, tourists
who later become local residents
cannot afford the cost of renting
houses and increasing living
costs [14]
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2 Methods

This study uses a qualitative method that presents data in a descriptive-explanatory
form. It aims to find an explanation of a phenomenon, problem or behavior that is
the core of research. The data were obtained using the literature study method by
collecting relevant information and data from previous research, such as journals,
books and reports, as well as mass media and online media.

The theory used in this research is the formal theory of intergovernmental orga-
nization proposed by Keohane and Martin and the concept of compliance from Beth
A. Simmons. Keohane and Martin stated that international institutions are classi-
fied as institutional neoliberal if they fulfill one of the following forms [17]. First,
a formal intergovernmental organization. As an organization that has a specific
purpose, this organization can oversee activities and respond to these activities. This
organization is formed by the state (formal intergovernmental) and non-state (cross
national nongovernmental). They have a bureaucratic organization with clear rules
and regulations and specific tasks for the individuals and groups that belong to it
[17].

Second, the international regime which is an institution that has explicit regu-
lations approved by the state, linked to international relations issues [17]. Third,
conventions which are informal institutions that have implicit rules and understand-
ings that shape the expectations of the actors involved [17].

The above descriptions help to identify the European Union as a neoliberal insti-
tution. In the grouping of neoliberal institutions, EU is included in the formal inter-
governmental group. The EU is called a supranational organization because its
member countries remain sovereign and independent states [6], but they combine
their sovereignty with a view to gain greater collective power and influence [6]. EU
member states are bound by a series of treaties that have been signed and must be
agreed upon by each member state, then ratified either by the national parliament or
by means of a referendum [6].

There are three categories to form a formal intergovernmental organization [9].
The first category is purpose [9]. EU had clear objectives when it came to form
such an organization. The second category is bureaucratic organizations [9]. EU has
various bureaucratic organizations, meaning that EU is eligible to form a formal
governmental organization. The last category is explicit rules and missions [9]. A
formal intergovernmental organization will make various regulations and explicit
missions [9]. EU is known as an organization that has a series of regulations that
are binding on its member countries. In this research, explicit rules and missions are
series of rules to handle overtourism in EU member countries.

The formal theory of intergovernmental organization is used to analyze the role
of EU in dealing with the phenomenon of overtourism that occurs in its member
countries because EU is a neoliberal international institution in the formal intergov-
ernmental category. EU has a set of rules and policies that its member states must
comply. This theory is used to analyze how the regulations owned by EU are able to
deal with overtourism in Venice, Barcelona and Santorini.
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The concept of compliance discusses to which extent regional organizational
regulations are applied by the state [13]. Simmons defines compliance as a form of
compliance frommember countries to the international institutions that support them.
International law plays an important role in ensuring state compliance with interna-
tional institutions [13]. Institutions force states to make various legal commitments
that are divided into different policy areas [13]. This effort refers to the management
role played by institutions in using existing legal instruments to ensure state behavior
[13]. Compliance is closely related to explicit rules possessed by formal intergovern-
mental organizations [13]. In an intergovernmental organization, especially one that
is supranational, member countries must comply with the explicit rules that apply in
their institutions [13].

In this study, the concept of compliance is used to describe the relationship
between member countries (Italy, Spain, and Greece) and international institution
(EU). The supranationalism characteristic of an international institution, in this
case the EU, will be reflected in the implementation of the regulations set by the
governments of member countries. EU regulations in the field of tourism and the
environment must be fulfilled by member countries because they are binding.

3 Discussions

As member states of EU, Italy, Spain and Greece governments must comply with
the regulations made by EU. The phenomenon of overtourism which causes negative
impacts, one of which is damaging the environment, has caused EU to step in. Laws
related to policies on environmental protection in the European Union are made
by the European Parliament. Environmental protection policies in Europe were first
created in 1972 [4]. This policy is found under Articles 191–193 on Treaty on the
Functioning of the European Union [4]. Policies can be divided into several groups,
namely protection of air, chemicals, weather, nature, waste management, and water
[4]. The negative impact of overtourism which damages the environment can pollute
the entire group [4].

In protecting nature in tourist destinations, EUhas aNatureDirective policy [5]. In
2017, the European Commission released an action plan to increase its contribution
to nature protection [5]. The European Parliament strongly supports nature directives
and asks theCommission andmember countries to increase their priority in protecting
nature, especially in tourist destinations [5].

Tourism policy in the EU was originally set up by the European Commission
[3]. Then, the integration of the principles of sustainable development into European
treaties then gave rise to a framework for tourism policy making [3]. The Lisbon
Treaty in 2017, Articles 6 and 195 to be precise, gave birth to an EU policy that
focuses on tourism [3].

In this policy, EU takes an integrated approach. All impacts of tourism must be
considered when planning and development. Tourism must be balanced and inte-
grated with various activities that have an impact on society and the environment
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[5]. It is also necessary to make long-term plans so that they do not have a negative
impact on future generations [5]. There must be commitment from all participants
involved in decision making as well as all participants involved in implementation
[5].

Furthermore, there must be a full evaluation and preventive action to prevent
damage to the environment or society [16]. The government needs to limit tourism-
related development so as not to disturb local residents and damage the environment,
as well as limit tourist arrival [16]. It is necessary to carry out continuous monitoring
because the impact of tourism is always changing, so that when new problems arise
in tourism, action can be taken to overcome them [16].

EU states the need to distribute tourists to other tourist destinations with attractive
offers so that they do not overflow in tourist destinations that experience overtourism
[8]. Then, increasing the capacity in tourist destinations is needed so that they can
accommodate tourists without damaging these destinations [8]. Financial regulation
is also needed, such as increasing prices (in a certain time and place) through taxes
[8].

Furthermore, real time information about tourist destinations is needed for tourists
[11]. The government also needs to take “green measures” on tourist destinations
[11]. Then, local residents must benefit economically from visiting tourists [11].
Finally, a tourist destination must feel comfortable and safe for both tourists and
local residents [11].

4 Conclusions

The conclusion of this study is that the European Union deals with the phenomenon
of overtourism that occurs in Venice, Barcelona and Santorini by using regulations.
EU applied regulations in tourism, environment, and other fields because EUmember
states must comply with regulations that have been issued by the EU. The negative
impacts of overtourism have been decreasing since EU applied above regulations to
these countries.
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Mechanical Properties of Concrete
with Activated Sugarcane Bagasse Ashes
as Cement Replacement

Noor Aina Misnon, Faridah Hanim Khairuddin, Siti Zubaidah Mohd Asri,
Nur Liza Rahim, Rijalul Fikri, and Siti Khadijah Che Osmi

Abstract Sugarcane bagasse waste is one of the biomass wastes generated in
Malaysia. This study investigates the potential of the sugarcane bagasse waste to
replace cement content in concrete mixtures by converting the bagasse waste into
activated carbon ashes using physical activation method. The mechanical proper-
ties of sugarcane bagasse activated carbon concrete was carried out to determine
the effectiveness of activated sugarcane bagasse ash (SBA) in the concrete mix by
performing concrete hardened test i.e., compressive test, splitting tensile test and
flexural test. The SBA replacement in concrete mixture showed a promising result
and has a great potential to be pozzolan materials.

Keywords Cement replacement · Concrete properties · Pozzolanic material ·
Sugarcane bagasse ash · Sustainability

1 Introduction

Sugarcane or scientific name is ‘Saccharum officanarum’ is one of the largest agri-
cultural exports of Malaysia with annual sugar export valued approximately between
US$200 to 300million [1].With great production of sugar inMalaysia, the sugarcane
waste (i.e., raw bagasse and ashes) is a common issue being highlighted as one of the
pollutants. Towards environmental and sustainability, wastes have been converted to
useful products to be used as alternative to the existing conventional method such
as the use of natural fibre waste in bulletproof jacket [2] and also as construction
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materials [3–5]. Thus, to minimise the waste abundance issue, research has been
conducted to investigate and fully utilize the sugarcane waste as one of the substitute
materials to the existing technology.

For pavement material, sugarcane bagasse ash was found effectively used as a
filler in a production of hot mix asphalt (HMA) with an increment of the Marshall
stability, flow and Resilient Modulus by 0.6%, 4.9% and 17.4% respectively in
comparison with ordinary HMA [6]. The powdered sugarcane bagasse activated
carbon was reported as a good absorber and potential to be used for treatment when
the removal of organic content, contaminant, metal and others pollutant in ground-
water achieved more than 90% efficiency in relative to granular [7]. Due to a high
content of sucrose, the sugarcane bagasse waste was found as a good economical-
natural concrete retarder which required longer setting time by several hours [8]. In
[9] manufactured clay bricks made of sugarcane bagasse waste with a final perfor-
mance of the products satisfied the building code of practice. In [10] reportedwith the
limitations of the use of raw sugarcane bagasse less than 10% weight since it caused
a decrement on mechanical strength. The sugarcane bagasse ash used as fine sand in
concrete showed promising results when 20% and 30% replacement increased the
compressive strength relative to normal mortar mix and suitable for design strength
up to 30 MPa [11].

The use of pozzolan in concretemixture aids for high strength concrete production
in relative with the one with ordinary Portland cement only. It can be found in natural
form or artificially made. The pozzolana can be defined as siliceous or siliceous and
aluminous material which alone possess little or no cementitious value which will,
in finely divided form in the presence of moisture, react chemically with calcium
hydroxide at ordinary temperature or form compounds possessing cementitious prop-
erties [12]. Good pozzolanic materials contain a high content of amorphous silica
and high specific surfaces to generate a pozzolanic reaction [13]. Silica fume, ground
granulated blast furnace slag (GGBS) and fly ash are the common pozzolan used in
concrete that available in market with high price. Research has been conducted on
the performance of concrete with such pozzolan and showed great improvement to
the concrete properties [14–17]. Additional of 25–35% fly ash was found as a prac-
tical way to utilize a high percentage of recycled aggregate in concrete [16]. GGBS
offered a great protection to corrosion of steel embedded in concrete when used
as cement replacement to high performance concrete mixture [17]. With a finding
that ground sugarcane bagasse ash contains high percentage of silicon dioxide (SiO2)
[18] makes this material as one of the potential economical pozzolan. The pozzolanic
activities can be activated for sugarcane bagasse ash (SBA) using activated carbon
process. The activated carbon can be summarized as a form of the carbon processed
to produce a small and low volume pore that increases the surface area available for
chemical reaction.

This study aims to produce SBA activated carbon using sugarcane bagasse waste
to replace cement content in the concretemix. To investigate the effectiveness of SBA
replacement, mechanical properties of the sugarcane bagasse ash concrete (SBAC)
including compressive strength, splitting tensile strength and flexural strength tests
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Table 1 Mix proportion of 0.001 m3 concrete

Specimens Cement Fine aggregate Coarse aggregate SBA

Control (0%) 3.40 6.40 11.90 0.00

5% SBA 3.23 6.40 11.90 0.17

10% SBA 3.06 6.40 11.90 0.34

15% SBA 2.89 6.40 11.90 0.51

Note All units in kg

were carried out. The collected data was analysed and used to identify the optimum
percentage of SBA replacement in the concrete mixture.

2 Materials Characterisation and Experimental Setup

2.1 Raw Material and Mix Design

The SBAC contents were Ordinary Portland Cement, fine aggregate, coarse aggre-
gate, water and activated SBA. The maximum size of fine and coarse aggregate used
was less than 5 mm and 20mm respectively. The concrete grade 30 was adopted with
design mix ratio of 1:1.8:3.5 (cement: sand: aggregate) and the water-cement ratio
(w/c) used was 0.5. The amount of cement was replaced by three different percentage
of SBA: 5, 10 and 15%. Table 1 shows the mix proportion of 0.01 m3 concrete mix.
The specimens were demolded after 24 h and were immersed in water for 7 and
28 days for curing purpose.

2.2 Physical Activation

The raw sugarcane bagasse waste was collected fromwider Kuala Lumpur, Malaysia
area. The collected sugarcane bagasse waste was washed thoroughly with distilled
water to remove unnecessary substance which might be affected by the strength of
the concrete. Subsequently, the waste was sun-dried for three days and being cut into
approximately 5 mm long of the fibre. The fibre was ground until becoming small
particles and was burned in a furnace with temperatures up to 600 °C for two hours.
The final step involved the sieving process of activated SBA and only size less than
0.15 mm was collected which to be used as cement replacement.
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Fig. 1 Laboratory test. a Slump test measurement. b UTM machine for compressive strength and
splitting tensile test. c Flexural testing setup using two points loading test

2.3 Laboratory Test

Slump test was carried out in accordance with BS EN 12350 [19] for each batch of
concrete mixture to check the workability of the mix which can affect the degree of
compaction yet excessive water result in bleeding and reduce the concrete strength.
Figure 1a shows slump test measurement one of the specimens.

Compression test was conducted on 24 cube specimens with a dimension of
100mm× 100mm× 100mmaccording toBSEN12390 [20] to determine compres-
sive strength of the specimens. The test was carried out at 7 days (12 cubes) and
28 days (12 cubes) of curing time. Prior to the test, the specimens were weighted on
balance to determine the density of the specimens. Figure 1b shows compression test
was conducted on a cube specimen. A total of 12 cylinders with diameter 150 mm
and 300 mm height were tested under splitting tensile test in accordance with BS EN
12390-6 [21]. This test was conducted at 28 days to determine the tensile strength of
the specimens. 12 beamlets with dimension of 100 mm × 100 mm × 500 mm were
tested at 28 days to determine the flexural strength of the specimen using two points
loading test. The test was conducted to measure the ability of the beamlets to resist
failure in bending. The two points loading (see Fig. 1c) was arranged according to
BS EN 12390-5 [22].

3 Results and Discussion

3.1 Slump and Density

All specimens showed a true slump type with the height value ranging from 60 to
65 mm. From Fig. 2a, the slump value gradually increased with an increment of
the SBA replacement in the concrete mix. Specimens with 15% SBA replacement
showed themaximumheight of slumpwith slumpvalue of 65mm.This is an indicator
concrete mixture containing SBA requires more water to remain the workability. It
might be due to the higher specific surface area of the SBA particle [23]. The density
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Fig. 2 a Slump value and b density of SBA concrete with different percentage of replacement

of the specimens is as shown in Fig. 2b. SBA concrete density decreased with an
increment amount of SBA. The density of the specimens was reduced to 3.2%,
5.6% and 4.85% for 5%, 10% and 15% amount of SBA replacement respectively
in comparison to control specimen. 10% of SBA replacement produced the lightest
specimen with the density of 2346.67 kg/m3. The reduction of concrete density is
beneficial in reducing the self-weight of the concrete structures and resulting in less
inertia force under dynamic loading such as impact loading [24].

3.2 Mechanical Properties of SBAC

Compressive strength, f c of the specimens for 7 and 28 days were recorded and
plotted as shown in Fig. 3. Additional SBA replacement increased the f c value up to
10% SBA replacement with f c value were 27.13 MPa at 7 days and 43.25 MPa at
28 days which can be categorized as high strength concrete (f c more than 40 MPa).

Fig. 3 Compressive strength of SBA concrete specimens at 7 and 28 days
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Further increment SBA percentage decreased the fc of the specimens and yet still
higher than the control specimen.At this stage, the reduction of the hydration reaction
since high cement content was being replaced by the SBA. The presence of cement
is necessary to produce calcium silicate hydrate (CSH) which contributes to the
strength of the concrete [23]. Figure 4 shows the split tensile strength (STS) of
the specimens at 28 days. All the specimens with SBA replacement showed higher
STS value in comparison to the control specimens. Increment SBA replacement in
the concrete mixture improved the STS value of the specimens up to 10% amount
of SBA replacement and started to reduce the STS when 15% of SBA replaced
cement content in the concrete mixture. This result was expected since the STS has
a close relationship with f c value [25]. The flexural strength, f cf of the specimens
at 28 days is as illustrated in Fig. 5. Increasing the percentage of SBA replacement

Fig. 4 STS value of the specimens with different percentage of SBA replacement

Fig. 5 Flexural strength of the specimens with different percentage of SBA
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gradually increased the f cf . 15% SBA replacement showed the highest value of f cf
with approximately 62% higher than control specimens.

4 Conclusions

In this study, the sugarcane waste had been activated using physical activation to
produce pozzolan materials in the concrete mixture. The used of activated SBA as
cement replacement showed the promising result on the mechanical properties of
concrete. The results revealed that the reduction in density of concrete was obtained
for the specimens with SBA replacement. This gives benefit in decreasing the dead
load of the concrete structures and inertia force when subjected to dynamic loading.
The compressive strength, f c of the specimens with SBA replacement increased with
the additional percentage of SBA replacement up to 10%. Further addition SBA
amount in concrete mixture resulted in decreasing the f c value. Less production
of CSH was expected for the specimens with SBA replacement more than 10%.
Increasing the SBA replacement amount improved the splitting tensile strength and
with 10% SBA replacement showed the highest STS value. With growing SBA
amount as a cement replacement, gradually increased the flexural strength of the
specimens. 10% SBA replacement was found as the optimum amount for cement
replacement in the concrete mixture.
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Life Cycle Assessment on Alternatives
Concretes and Cementitious Materials

Sarah Laila Mohd Jan, Norelyza Hussien, Nor Hasanah Abdul Shukor Lim,
Che Hafizan Che Haasan, and Nur Syamimi Zaidi

Abstract The utilization of industrial and agricultural waste materials can be an
alternative as cementitious material to reduce the carbon dioxide (CO2) emission
from cement production and will lower other environmental impact. In recent years,
more research has been done using life cycle assessment (LCA) on constructionmate-
rial production to understand the energy usage and its environmental impacts to find
the possible low energy usage and green building alternatives. Several LCA studies
have been reviewed in this paper thatmainly are the concretes and cementitiousmate-
rial. Hence, this study will provide new perspectives of the methodology used in the
environmental assessment by researchers in the world that compare to the Interna-
tional Organization for Standardization (ISO) LCA standards (ISO 14040:2006 and
ISO 14044:2006). Comparing LCA studies to ISO guidelines ensures that all of the
important factors in LCA are achieved, and the lack of use of these guidelines will
impair the qualities of life cycle interpretation and data assessment.

Keywords Secondary cementitious material · Environmental impact · ISO
guidelines

1 Introduction

The spike in the human population globally contributes to industrialization, urbaniza-
tion, and economic development, which subsequently increased demand for housing
and infrastructure. There are increment in global cement manufacture from 2.284
billion tons in 2005 to 4.1 billion tons in 2018 and soon 45% more cement will be
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produced by 2050 than current production [1]. Estimation about 50% of the world’s
carbon dioxide (CO2) gas emissions come from the cement industrial which the
manufacture of one ton of ordinary Portland cement (OPC) produces around half
tons of CO2 gas and involved other 0.39 tons of CO2 gas in fuel emissions for
raw materials processes [2]. However, despite the release of CO2 gas as main criteria
used in the assessment of environmental impacts, there are also further environmental
impacts were assessed such as fresh water and marine ecotoxicity, photochemical
oxidation, ozone depletion, eutrophication, acidification, and human toxicity [3–5].

To reduce the utilization of natural resources and environmental impacts in cement
manufacture, any use of waste materials from other industries could be a potential
alternative to cement. Some of these waste materials will display a compliant char-
acteristic due to their chemical composition could be used in building materials
manufacture [1]. Due to the huge quantity of biomass ash produced, the rising use of
biomass for sustainable energy production has encouraged research into the substi-
tution of traditional Portland cement with biomass ash by-products [6]. Some useful
waste will be utilized as supplementary cementitious material (SCM) for example
by recycling industrial wastes such as fly ashes (FA), blast furnace slag, and some
agricultural wastes. In years, there has been extensive interest in finding to solve
the difficulties of managing the industrial waste dump, construction waste, and land
pollution and there are more research groups working on the application of green
building materials (GBMs) in engineering construction [7]. Comparing the conven-
tional building materials (CBMs) with the GBMs, it is more ecological, healthy,
recyclable, and also high performance. Therefore, throughout its life cycle analysis
including the resource used, manufacturing, operation, disposal, and recycling, the
type of material that low influences towards the environment and human health can
be determined [8].

Life cycle assessment (LCA) has been an important methodology and is widely
used to facilitate the transition towards sustainable development by considering
entirely various other potential environmental impacts related with the stages of a
product life cycle respectively [9]. Basic of LCA contains three mainly phase which
are the identification and evaluation of system boundary, functional unit and analysis
timelines.

2 Methodology

The LCA was performed in accordance with standardization by the International
Organization for Standardization (ISO), ISO 14040 and ISO 14044, which refer to
the LCAof any product, whereas EN15978:2011 is specific to construction products.
Validation of data and analysis for LCA on various secondary cementitious mate-
rials can be accomplished using a variety of software and life cycle impact assess-
ment methods. SimaPro is a software extensively used among researcher and it also
uses different kind of impact assessment methods such as Eco-Indicator 99 method,
ReCiPe v1.12 (H) and the Centrum voor Milieukunde Leiden (CML) methods that
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was recommended by EN 15978:2011. The Eco-Indicator 99 studies the 11 impact
categories in three main endpoint categories; human health, ecosystem quality, and
depletion of resources, and meanwhile because of to a non-specific method for the
Chilean context and its global scope, ReCiPe was chose [10–13].

Another commercial LCAmodelling was completed using GaBi software and the
impact assessment was done using the CML 2016 method; it provides information
on the environmental issues connected with the contributions and productions of any
product [14]. Besides commercial software, other LCA modelling software used is
EASETECH which was developed at the Technical University of Denmark (DTU)
in Denmark, and the impact assessment incorporated by the European Commission’s
suggested the midpoint impact categories in the International Reference Life Cycle
Data System (ILCD) Handbook [6].

The process of conducting an LCA consists of few steps and the initially step is the
goal of study; objectives of the study (intended application) and targeted audiences.
Then, the scope of study consists of functional unit, system boundary, the justifica-
tion of the system boundary, and distribution procedures. Next, life cycle inventory
includes data assessment such as location coverage, raw material sources, relation
data to functional unit, data quality, data uncertainty, and data disaggregation. Then,
life cycle impact assessment and lastly life cycle interpretation provides restriction
and recommendation of the study [15, 16]

3 Comparison Results and Analysis

Table 1 shown an overview of origin and research product that has been reviewed and
the research papers selected mainly are concrete and cementitious related materials.

The checklist of LCA procedure according to the ISO standard has been retrieved
from previous research paper [15]. Table 2 shown the results comparison of all these
ten LCA for cement and concrete to ISO standard guidelines.

3.1 Goal

Definition of the goal of study must be defined in early stage of the study and clearly
state. A research without clear definition goal of studywill influence themethods and
its impact assessment [16]. All of the research paper reviewed clearly state the goal
of study and the main goal of LCA study is to evaluate the potential environmental
benefits and material sustainability due to alteration or substitution materials in the
cement mixture. The impact of biomass secondary cementitious material or ecolog-
ical aggregates added in the cement mixture to produce concrete were caught the
researcher’s interest besides the impact of waste management (resource) and human
health.
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Table 1 Overview of LCA studies

Origin Product References

Campania, South Italy Concrete mixtures using recycle aggregate i.e.,
marble sludge, incinerator ashes, blast furnace
slag, and construction and demolition waste
(CDW)

[11]

Qatar Cement mortar (waste carbon black, WCB) [14]

Western Europe Portland cement [10]

Chile Supplementary cementitious material (copper
treated tailings, TT)

[17]

Brazil Wood bio-concrete [12]

Ontario, Canada Concrete mixture, supplementary cementitious
materials (i.e., slag, silica fume and metakaolin)

[18]

Netherlands Cement mortars, secondary cementitious
material (biomass fly ash)

[6]

Malaysia Concrete (Mixture of Granulated Blast-Furnace
Slag, GBFS and fly ash, FA)

[19]

United State (11 western state) Mixed mortar (containing the 13 different
blended binders)

[20]

United Kingdom Concrete mix designs: 100% PC and various
ratio of CEM II and CEM III with FA and GBFS

[21]

Intended audiences was neglected by most of researchers, only few papers clearly
address the intended audiences that will provide them new insights from these
environment assessment reports. The targeted audiences included are policymakers,
concrete manufacturers, the construction industry and academics, future developer
and building designer will benefits on the environmental implications of replacing
conventional material [12, 18].

3.2 Scope

Generally, the scope of study consists of functional unit, system boundaries and
assumption or scenario to rationale the systemboundaries. Functional unit and system
boundaries have been identified in all paper research, but the rationale for the system
boundary is not clearly stated in most papers. The functional unit is known as the
reference to which inputs and outputs are related and ensure the reliability of LCA
results for alternative projects. Meanwhile, the system boundaries limits which unit
processes should be included within the LCA, cut-off criteria, application reliability
and the hypothesis made [5]. LCA is increasingly being used to analyse the potential
implications of various waste and residue treatment methods [22].
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Table 2 Results comparison between 10 LCA research papers to ISO standard guidelines

ISO standard guidelines 10 LCA research papers

State unambiguously State but not clear Not defined

Goal

Objectives of the study 10

Targeted audiences 2 8

Scope

Functional unit 7 3

System boundary 8 1 1

Rationale of system boundaries 5 4 1

Explicit allocation procedures 2 8

Life cycle inventory

Time-related, technology coverage,
geographical

6 4

Sources of data inventory;
Primary sources
Secondary sources

8
6

4 2

Uncertainty of data/information 4 6

Relation of data—functional unit 3 2 5

Quality data assessment;
Completeness analysis
Consistency analysis
Sensitivity analysis

3 1
1

9
10
6

Data disaggregation 1 9

Life cycle impact assessment

Impact models (indicators, categories,
and characterization)

9 1

Classification of LCI results 8 1 1

Characterization of category indicator
results (calculation)

9 1

Life cycle interpretation

Identification of the significant issues
(LCI or LCA results)

7 2 1

Conclusion 9 1

Limitation 5 3 2

Recommendation 6 2 2

3.2.1 Functional Unit

Functional unit quantifies the primary function by providing a basis of comparison to
the input and output data. This reference is particularly important when comparing
different systems to approve that such evaluations are made on a constant basis [16].
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In cement and concrete studies, the functional units are commonly compared on
a volume basis as 1 cubic meter (1 m3) and material properties such as compres-
sive strength, mechanical strength, workability, and durability [18]. There are some
hypothesis or assumption being made to ensure the comparisons unit valid such as
the cement content and the functional performance of the concrete were constant
[11], biomass enter to the systems with zero burden assumption [6] and concretes
were sold in volumetric basis [21].

3.2.2 System Boundaries

The system boundaries is the interface between the product and the environment
system and also define the processes and life cycle stages [23]. It defines which
activities will be included in the product system and is usually clearly illustrated. For
concrete and cement production, the processes in the systemboundary include energy,
environmental discharges, andflowsofmaterial (inputs and outputs) [10]. Commonly
researcher choose cradle-to-gate model system [17]. Six of the research papers illus-
trated the system boundaries and one research paper refer system boundaries as
reference scenario.

3.3 Life-Cycle Inventory (LCI)

The LCI step includes producing an inventory of flows from and to nature for a
product system and all system boundary’s unit processes are quantified [16]. Inven-
tory tables usually are extensive and it begin with the contributions and productions
throughout the life cycle will be compiled and quantify, and then feed data into the
software. This should include all of the materials and processes that were defined in
the system boundary. Finally, after the various processes, the calculation of tabulated
numerical values of the inputs and outputs will be displayed related to the concern
of the environmental impact [21].

LCI information generally derived from two sources: primary data and secondary
data and researcher can be used one or two sources for LCA and must be related to
functional unit [15].Most of researcher conducted the LCI primary data in laboratory,
Environmental Product Declaration (EPD), during inspection to the manufacturing
and recycling sites. If the primary data unavailable, the researcher were opted to use
database such as Ecoinvent from SimaPro and database of GaBi software.

Sensitivity analysis has been done for data quality assessment because several
assumptions weremade during research. To assess the influence of these assumption,
themost sensitive parametermust be identified. Four of the researchpapers completed
the sensitivity analysis including of these parameters; transportation distance [17],
constrained SCMs [18], leaching from second life, density leaching from landfill,
infiltration rate, layer, production of additional OPC [6], various fuels used in the
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calcination and allocation processes of biomass [12]. Another data quality assess-
ments are consistency analysis and completeness analysis, none of researchers done
the consistency analysis and only one researcher done completeness analysis which
provide information is sufficient to reach conclusions. A good quality of dataset
should provide all three types analysis for data quality assessment.

3.4 Life-Cycle Impact Assessment (LCIA)

The LCIA assesses the impact of operations on the environment, resources, and
human health by categorization and characterization of LCI results. The signifi-
cance of the potential impacts can be understood and evaluated throughout its life
cycle and completed in four steps; classification, characterization, normalization and
weighting [11]. This will aid in determining the significance of data and its associa-
tion with various impact categories. The impact mostly considered by researcher are
on environmental categories such as Global Warming Potential (GWP100), Potential
of Photochemical Oxidation (POCP), Ozone Depletion Potential (ODP), Eutrophi-
cation Potential (EP), Acidification Potential (AP), Abiotic Depletion of Elements
(ADP-e), and Abiotic Depletion of Fossil Fuels (ADP-ff) [12]. Some researchers
were evaluated the impact of greenhouse gas (GhG) emission, cost and energy saving
but the most popular impact is Global Warming Potential (GWP100) with 7 out of
10 research papers. The impact assessment categories by all research papers were
responded to the goal of the studies which related to environmental impacts.

3.5 Life Cycle Interpretation

Life cycle interpretation conclude the understanding of result accuracy and ensure
the goal of the study achieved. This systematic technique can be accomplished by
categorising the data elements that contribute significantly to each impact category,
assessing the sensitivity of these significant data, evaluating the completeness and
consistency of the study, drawing conclusions and recommendations based on the
LCIA results were developed [16].

Identification of LCIA results in accordance with the goal and scope definition
determine the significant issues raised in the study. There are few issues that being
state in the research papers such as lack information on region context [17], uncer-
tainty of leaching data from uncontaminated biomass ash [6], technical and econom-
ical aspect [11]. Next, the researchers will evaluate the issue, conclude the LCA
findings and released the recommendation for the intended audiences. The research
on LCA has a great implication into concretes and cementitious materials studies
since majority agreed with the LCIA results showed low environmental impacts with
alteration/ substitution materials on OPC.
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4 Conclusions

In this article, the LCA studies on cementitious material and concrete have been
comparing to ISO guidelines to ensure the information obtained for the LCA study
is appropriate. In all studies, thewaste used on constructionmaterials has been shown
promising potential and proven to reduce environmental consequences. Although the
target audience has been disregarding in their studies,most researchers are clear about
the goal of the LCA study since it is critical to set the objectives before starting the
analyses. All the potential findings will be impractical in the real world due to the
lack of a targeted audience indicated in the research papers. Global warming and
other environmental impacts can also be reduced if the potential results and solu-
tions can reach the right audience. Another incomplete issue by researchers is data
quality assessment; the researchers failed to disclose the completeness, consistency,
and sensitivity analyses in their studies. In the future, researchers are advising to
complete these analyses to improve the data assessment quality and fulfilled all the
ISO guidelines.
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A GIS-Based Seismic Hazard
and Building Vulnerability Assessment
for an Earthquake Scenario in Chennai
Utilizing a Structural Approach

Ahamed Ibrahim Mohammed Ikhlas, Achuthan Geetha Ishwrya,
Pulipakkam Sridhar Balaji, and K.P. Jaya

Abstract A city’s hazardmitigation plan requires an assessment of building suscep-
tibility and a thorough seismic analysis. To contribute to the seismic analysis of the
Chennai city, this study is done as an attempt to evaluate the vulnerability of every
building prone to earthquakes. The design base shear was compared with the base
shear calculated from peak ground acceleration to understand the effectiveness of
the design base shear. The base shear for the buildings was predicted with the help
of support vector regression, accuracy of the predictions with respect to the design
base shear is found which was further used in the evaluation of modelled buildings’
base shears. Support Vector Regression was primarily used as it considers all data for
fitting, giving an apt relationship between the variables considered, whereas inter-
polation will consider only the nearest two values. The structures closer to the ocean
are safer than those further inland in Chennai. The approach of prediction was shown
to be more effective for structures with less storeys, and it may be applied to future
buildings in Chennai as well as other cities with comparable soil characteristics,
allowing the city to adjust to future changes.

Keywords Seismic hazard analysis · Geographic information system · Support
vector regression · ETABS

1 Introduction

Earthquakes are low probability-high consequence events which can potentially
cause extensive damage, particularly in large cities with areas of complex infras-
tructure and high population density. Due to the injuries, fatalities and financial
damages that earthquakes cause in prone regions, the estimation of seismic activity
in urban areas is important. Recent advancements in digital communication and
seismic sensor technology make it possible to build reliable seismic hazard analysis
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systems. However, development of seismic engineering technologies will never get
rid of earthquake disasters [1, 2].

2 Design and Methodology

The significant parameters of a building such as number of storeys, area, length,width
and the height of the buildings required for the study have been concluded from an
intensive study of the literature and publicly available datasets. Collection of datasets
of the identified parameters is done by utilizing the government maintained websites,
open source web pages providing building and geographic data and literature [3, 4].
ArcGIS software is used as the base for extraction. Seismic analysis (static and
dynamic) is carried out after the collection of data and compared.

2.1 Seismic Analysis

2.1.1 Static Analysis

The initial step in static analysis involves calculating design seismic base shear by
following IS 1893 [5]. The formula for calculating Seismic Base Shear is given as,

Vb = AhW (1)

Ah =
(
Z
2

)( Sa
g

)

(
R
I

) (2)

Sa = 2.65× Peak Ground Acceleration (3)

where
Vb—Seismic base shear, Ah—Design horizontal acceleration coefficient, W—

Seismic weight of the building, Z—Zone factor, I—Importance factor, R—Response
reduction factor, Sa/g—Average response acceleration coefficient.

After the design base shear has been calculated using IS recommended procedure,
the base shear calculation using peak ground acceleration was found by replacing the
AverageResponse acceleration coefficientwith the value obtained from the empirical
relationship [6].
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2.1.2 Dynamic Analysis

An initial data set of 120 buildings with areas ranging from 40 to 5000 m2 with
various aspect ratios were created and analyzed dynamically using the structural
analysis software, ETABS. The variables maximum displacement, maximum stiff-
ness, maximum overturning moment, maximum story drift along with the base shear
of the structure have been calculated. The maximum seismic base shear is noted at
the completion. The parametric values for all the buildings in the entire study area
are calculated using support vector regression and is compared with the parametric
data obtained from static analysis.

3 Prediction of Seismic Base Shear Using Support Vector
Regression (SVR)

Base shear, Vb values are predicted by machine learning technique, support vector
regression [7], which is a type of Support Vector Machine. The SVM formulated for
this study is a quadratic programming problem with linear constraints as opposed
to traditional Neural Networks. The generic support vector regression estimating
function is in the form of [8]

f (x) = (w · ϕ(x)) + b (4)

Rreg( f ) = C
i∑

i=0

r( f (xi ) − yi ) + 1

2
||w||2 (5)

where r() is a cost function, C is a constant, and vector w with the objective of
reducing the regression risk. The cost function used is the ε-insensitive loss function.
The effectiveness of a support vector regression model is determined based on the R-
squared value. The values which were tested are C values from 1 to 100 and Epsilon
values from 0.05 to 1 in intervals of 0.05. After fitting the optimal curve, the seismic
base shear for the buildings of the study area were predicted.

The various parameters from the modelled buildings and study area buildings
which were of easy access are Area and Aspect Ratio. We have tried to also incor-
porate no. of storeys from 1 to 5 storeys. From the hyper-tuning, the parameters
were taken as, C = 74 and epsilon = 0.05; The R-squared value or coefficient of
Determination was 0.71 for the training data even though it is near the optimal fit
value of 0.85, it still can be improved with more data. From this model, the Base
shear values for the buildings were predicted.
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4 Results and Discussion

The three base shears have been computed and correlated by performing seismic
analyses, following the above mentioned methodology.

4.1 Static Analysis

4.1.1 Vbdesign Versus Vbpga Map Analysis

The design seismic base shear (Vbdesign) and PGA based seismic base shear (Vbpga)
are compared in Fig. 1, by finding the percentage deviation from PGA based seismic
shear to the design base shear. Closer the Vbpga is to the Vbdesign, more vulnerable
that building is considered to be, as Vbpga is the base shear which is likely to occur
in the event of an earthquake. Hence a greater Vbdesign would mean the buildings
designed are safer. Since an accurate building height data of the citywas not available,
5 situations have been considered where each building in the study area is from 1 to
5 storeys.

A similarity amongst the maps can be noticed, as the fundamental period of
vibration for the buildings tends to lie between 0.10 and 0.67 whereas the IS code
recommends a constant value for the average response acceleration coefficient of

Fig.1 Vbdesign versus Vbpga for 1 storey buildings (left) and 5 storey buildings (right)
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2.50. The average of the percentages in each grid area are taken into consideration.
The regions which are red in color, have Vbpga closer to the Vbdesign, and have
buildings which are more prone to earthquake damage as their design base shear
itself is very close to the actual Vbpga. These are densely in the western parts of the
study, and are recommended to be further analysed for seismic behaviour as they are
the most prone of the available data.

4.2 Dynamic Analysis

The predicted base shear value from the support vector regression and the design
Base shear are compared in Fig. 2, to understand the accuracy of the regression
model. The percentage deviation of the predicted base shear from the design base
shear is taken and averaged for the grid location. From Fig. 2, it can be observed
the error occurring in the 4 story and 5 story maps are very much similar with
a slight increase in 5 story as the Static analysis tends to produce similar values
of horizontal acceleration coefficient (Ah). These maps depict the accuracy of the
model, the range of buildings which are around 65% similar to the design base shear
has been considered accurate.

Fig. 2 Comparative maps of predicted and design base shears—1 storey (left) and 5 storey (right)
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5 Conclusion

The model has been created in order to predict the base shear of buildings more
rapidly and was trained using modelled buildings. This predicted base shear was
compared to the design base shear to understand the accuracy of the predictions
with respect to the design base shear. From the maps, it can be inferred that the
buildings in Chennai are relatively safer closer to the coast than inland. The method
of prediction was found more effective for buildings with less number of storeys and
can be utilized for other cities with similar soil conditions as well as future buildings
in Chennai itself and hence can adapt to future changes to the city.

In continuationwith thework, the support vector regressionmodel performs better
by feeding more data and can further be extended to various regions of study. Various
shapes and aspect ratios for existing storeys can be included while calculating the
design base shear and the PGA based base shear. Soil type can be considered as one
of the parameters for support vector regression.
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Boutique Hotels Within Heritage
Shophouses in George Town:
Understanding Adaptive Reuse Through
Existing Interior Layouts
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and A. Ghafar Ahmad

Abstract Adaptive reuse has been an emergingmeans of conservation and commod-
ification of built heritage worldwide. Its implementation is associable with the thrive
in tourism industry for UNESCO World Heritage Site (WHS) localities. As seen
in George Town WHS of Malaysia, conversion of heritage shophouses to function
as boutique hotels is one of the common trends. However, observation and docu-
mentation on the physical impact of such cases are in sparse mode, thus compels
the execution of this exploratory study. A preliminary inventory to identify heritage
shophouses that legitimately met the meaning and criteria of a boutique hotel was
performed, prior to conducting field observation to record the physical changes and
modifications. Consequently, five buildings were identified and further scrutinised
through field observation that gave special emphasis on their new interior layout. It
is found that spatial provisions such as reception and lobby area, guest rooms, and
en suite bathroom are inevitable for repurposing heritage shophouses into boutique
hotels. Besides, integration of swimming pool was uncommon while setting up a
rooftop garden was unlikely, implying from the collective cases.

Keywords Adaptive reuse and retrofit · Boutique hotels · Building interiors · City
cultural heritage · Heritage shophouses

1 Introduction

Adaptive reuse intervention has been an emerging means of conservation and
commodification of built heritageworldwide. It became favourable for reviving phys-
ical, functional, and financial aspects of underutilised or physically worn buildings.
It is fair to claim that the thrive in tourism industry for localities revered as UNESCO
World Heritage Site (WHS) can be associated with adaptive reuse implementation.
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In the WHS of Malaysia, heritage shophouses in George Town and Melaka carry
profound significance in relation to the Outstanding Universal Values (OUVs). One
of the common trends of adaptive reuse seen, particularly in George Town WHS, is
the conversion of heritage shophouses to function as boutique hotels. However, the
arduous meaning and legitimate criteria of a boutique hotel have been much debated
previously. Besides, it is of very little evidence available currently on the observation
and documentation of physical impact committed to heritage shophouses that have
undergone adaptive reuse to boutique hotels. Acknowledging so, this exploratory
study is purposed to identify the heritage shophouses that legitimately met the
meaning and criteria of a boutique hotel. Subsequently, it records on the phys-
ical changes and modifications occurred to heritage shophouses in functioning as
a boutique hotel, with special emphasis on their new interior layouts. Anticipatedly,
the study will update on the legitimate boutique hotels that are still operational in
George TownWHS despite the recent struck of unprecedented COVID-19 pandemic
to the tourism sector. Moreover, it will shed lights on the physical impact on heritage
shophouses resulting from their adaptive reuse to boutique hotels. The subsequent
section dissects and synthesises past literature concerning the baseline design of
heritage shophouse mainly within the context of the research locale namely George
Town WHS, followed with comprehending boutique hotel legitimately, as well as
matters on repurposing heritage shophouses to serve the functions associated with
boutique hotel.

2 Literature Review

Traditionally, shophouses in George Town were urban building built with mixed
use functions—commercial and residential. The ground floor serves as the business
premise (usually a family business) and dwellings on the upper floor. This spatial
arrangement not only provides shelter, but also convenience and security [1, 2].
Shophouses were built in rows with shared party walls and interconnecting five-
foot walkway in the front with narrow façade (6–7 m width). It has a deep rear
that reach 30 m and it could extend up to 60 m [3]. Due to the length, air well is
presence to control the ventilation as well as to illuminate the interior space (Fig. 1).
Heritage shophouse possessed a historical urban building typology which formed
and developed over 200 years ago. These heritage shophouses were connected along
the veranda namely five-foot way facing the main road. Generally, it claimed to have
business premise at the ground floor area while the accommodation chambers are
located at the upper level [4].

A shophouse commonly built as a single, double or triple storey building which
depends on the architectural style of the construction period. In George Town, there
are main six architectural styles as illustrated in Fig. 2. The first four styles (Early
Penang style, Southern Chinese Eclectic style, Early Straits Eclectic style, and Late
Straits Eclectic style) were constructed before the Second World War, hence it is
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Fig. 1 Typical features of a Southern Chinese eclectic style shophouse [5]

Fig. 2 Architectural styles of shophouses in George Town [2]

commonly known as the pre-war shophouse. After the Second World War, shop-
houses with Art Deco style and Early Modern style were built based on the socioe-
conomic changes and technology development that grew in Penang [1]. The domi-
nating styles that are applied on the shophouse boutique hotels in this research are
the ‘Southern Chinese’ Eclectic Style (1840s–1900s) and the ‘Early Straits’ Eclectic
Style (1890s–1910s). During the pre-war era, the shophouses were constructed based
on the local knowledge and the building construction method was brought by the
immigrants from the southern coastal province of China which then adapted to the
shophouses in Penang. Therefore, it is a combination of vernacular, European as
well as Chinese cultural influences. These cultural influences create a unique yet
exceptional building styles which reflects in the OUV criteria (iv) [2].
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Since the inscription of theUNESCOWorldHeritageSite in 2008, Penang is strug-
gling to maintain the authenticity of these shophouses. The Penang State Govern-
ment (Majlis Bandaraya Pulau Pinang/MBPP) together with the George TownWorld
Heritage Incorporated (GTWHI) and local NGO such as Penang Heritage Trust
(PHT) are closely monitoring any alteration on the building fabrics as well as the
interior layout of the shophouses. Any protection, preservation and conservation
works, including adaptive reuse, must comply to the standard, i.e. Special Area Plan
(SAP) of George Town. This guideline provides a full statement of the government’s
policy for protection of heritage buildings, conservation areas and other historic
elements within the George Town WHS. It is a requirement for any adaptive reuse
practice in commodifying the heritage shophouses into boutique hotels to issue HIA
report. It is used to describe the compatible development and new use projects as
well as for assessing the impact of OUVs of the site. According to the SAP of George
Town, the shophouses within the WHS are categorised as Category II—“buildings,
objects and sites of special interest that warrant every effort being made to preserve
them” [2].

After being listed as the WHS, many pre-war buildings, such as traditional shop-
houses and heritage mansions, were adaptively reused into boutique hotels to accom-
modate the tourists. This commodification has emerged to increase the economic
and tourism sector in WHS in the form of transforming goods, services or ideas
into an extended economic value. Consequently, the number of boutique hotels was
increasing due to the market demand since the year 2008 [6, 7]. An important aspect
of concern when rehabilitating the shophouses into boutique hotels is to maintain its
significant historical architecture characteristics and values held within the building
fabrics. However, new facilities and space functions are necessary for the retrofit
of heritage shophouse to boutique hotel as they served a different building purpose.
Therefore, the proposal of new space requirements for the boutique hotel has to be
based on their selection of services provided to meet the guest’s activities. For facili-
ties and public spaces wise, few accommodation quarters, bar counter, restaurant and
dining area are the basic needs of interior space to serve as a hotel. Besides, there are
some supportive facilities such as administration office, housekeeping room, security
room and reception counter are required for management purpose [4].

Several previous studies have been conducted to determine the most suitable
criteria of boutique hotels in George TownWHS. According to Khosravi, Malek and
Ekiz [8], the most attractive attributes are special services, room features, conve-
nience, and the hotel design. The guests prefer to receive individualised and person-
alised services from the friendly staff in a homely and comfortable environment.
The uniqueness on the interior and architecture of boutique hotels creates a dramatic
impression to the guests. As stated in earlier studies, layout and decorations of the
hotel room, particularly the hotel lobby, are essential factor in creating customers’
experience during their stay [8–10]. Although commonly situated in old buildings,
high tech facilities in the room are required by the guests. Moreover, they also expect
to engage in local activities offered by the hotel. In-house entertainment such as
lounge and bar are considered as necessities. Price and location are also important
attributes for the guests in selecting boutique hotels in George Town. Hence, easy



Boutique Hotels Within Heritage Shophouses … 323

access to the downtown and airport has always been a preference. To summarise, the
characteristics of the boutique hotel in George Town are classified into the tangible
and intangible values. The tangible values consist of the location, distinctiveness
architecture design, premise size and number of rooms, uniqueness and dissimilarity
of rooms, the features available in each room, and the hotel facilities offered. Mean-
while, image of the hotel asWHSbranding, the historical origin and background, rare
experience and facilities, specialised services provided, and the price are included as
the intangible value of boutique hotel criteria.

It is imperative to cater guests’ needs and fulfil hotel functional requirementswhile
repurposing heritage shophouses to function as a boutique hotel. This is especially
true when guest’s satisfaction and their acceptance towards the boutique hotels are
central for such business. Interestingly, boutique hotels are expected to provide a
more personalised and distinguished experience as opposed to other type of hotels
in the market [9, 11]. Thus, factors that contribute largely to guests’ satisfaction and
attraction towards boutique hotels as outlined by Khosravi, Malek and Ekiz [8] are
deemed imperative which include convenience, room features, special services, and
design element. To summarise, the criteria of boutique hotels in George Town is
tabulated in Table 1 as follows:

3 Methodology

Initially, an inventory was performed to identify the actual number of boutique hotels
located in the Core Zone of George TownWHS. The site inventory was conducted to
list and identify converted heritage shophouses that qualify the legitimate meaning
and function of a boutique hotel. Two days were taken to conduct the site inventory,
covering the 109.38 ha of Core Zone ofGeorge TownWHS. Prior to the site inventory
survey, the hotel names were searched earlier from their official websites as well
as from the online travel agency for lodging reservations. As illustrated in Fig. 3,
the hotels located in zone A and B were surveyed to validate the existence on the
first day, followed by zone B and C on the second day. Unfortunately, some hotels
were permanently closed due to the financial crisis caused by the COVID-19 global
pandemic. First set of checklist which consists of name, address, building typology,
and type of hotels was used when conducting the site survey. In total, there were 53
hotels surveyed within the Core Zone of the WHS.

Hotels which are categorised as a ‘boutique hotel’ and located in a pre-war shop-
house were selected for this study, particularly the Southern Chinese Eclectic style.
Table 1 presented earlier was used as the guidance to select the buildings for field
observation. Based on that, there were six boutique hotels and only five were oper-
ating for business (Fig. 4). Field observation was then perfomed on each of the
five buildings, involving three enumerators of built-environment background. Since
archival documents and reports such as Heritage Impact Assessment (HIA) and
copies of architectural drawings were not accessible due to confidentiality, informal
interview with the hotel’s proprietor and/or the staff in charge was also carried out to
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Table 1 Key consideration aspects on the tangible values of a legitimate boutique hotel

Aspects Author(s)

Tangible value Location Convenient to the airport [8]

Setting in the city centre [6]

Strategic location and nearby all
attractions

Distinctiveness architecture
design (heritage building)

Heritage building value (listed
building)

Originally shophouse with an
average of 3 storey premise

Uniqueness layout of
heritage/pre-war premises

Restoration and re-adaptive reuse
for contemporary uses

Architectural style [7]

Unique and distinctive concept
and design

[12]

Premise size and number of
rooms

Small size of the premise [6]

Less than 50 rooms

Uniqueness and dissimilarity
of rooms

Individualised

Every room offers different
design

Different sets of furniture and
decoration

Different theme in every boutique
hotel

Antique collections and artwork
inherited from the ancestors
(furniture and interior décor)

[7]

Room features Availability of high-tech facilities
in the room

[8]

Hotel facilities Library [8]

Gallery

Rooftop garden

Souvenir shop

Star rating Three to five stars [12]

probe historical background and physical interventions committed at those buildings.
Basic measurements of the five buildings were also performed and the reproduction
of the drawings of their new interior layouts followed suit. The field observation
data is analysed based on intra-case (reporting changes and modifications observed
at each of the building) and inter-case (cross-comparing spatial hierarchy, spatial
zoning, and facilities provision of the five buildings) reviews.
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1. You Le Yuen (Love Lane)
2. Seven Terraces (Argus Lane) 
3. Mclane Boutique Hotel (Market Lane) 
4. The Boutique Residence Hotel (Pitt Street) 
5. Sweet Cili Boutique Hotel (Malay Street Ghaut) 

Fig. 3 Location of boutique hotels involved in field observation. Source Modified from Penang
Global Tourism [13]

Fig. 4 From left to right namely You Le Yuen (visited on May 1–2, 2021), Seven Terraces (visited
on May 2–3, 2021), Mclane Boutique Hotel (visited on May 3–4, 2021), The Boutique Residence
Hotel (visited on May 4–5, 2021), and Sweet Cili Boutique Hotel (visited on May 6–7, 2021)

4 Results and Discussion

Figure 4 shows the five boutique hotels in George Town shortlisted for field obser-
vation, found to be operational despite the unprecedented COVID-19 pandemic that
has negatively affected the global tourism industry.

These buildings are similar in terms of their architectural style (Southern Chinese
eclectic) as well as their number of floors (2 storeys height). Table 2 tabulates
the changes and modifications observed at each boutique hotel. The floor plan of
each site is attached in the Appendix 1 and the supporting figures are attached in
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Table 2 Intra-case review on the changes and modifications observed

Case Adaptive reuse remarks

You Le Yuen • Made of one unit of shophouse building
• Addition of reception area, souvenir shop, fitting room, and
bar area at the front hall and the second hall of the first floor

• Modification of the steepness and original position of the
staircase (Fig. 5 in Appendix 2)

• Addition of four guest rooms on the first floor and the
mezzanine floor

• Addition of en suite toilet on guest room 1, 2 and 3 on the
first floor and guest room 4 on the mezzanine floor

• Addition of new walls to segregate mini-kitchen and security
room (Fig. 6 in Appendix 2)

• Addition of security room and guest room 4 has occupied and
enclosed the opening of the rear courtyard which is typically
available in Straits Chinese eclectic style shophouse (Fig. 7 in
Appendix 2)

Seven Terraces • Made of nine units of shophouse building
• The shophouses were 90% demolished when purchased,
hence the central courtyard merged into one from 7 unit of
shophouses (Figs. 8 and 9 in Appendix 2)

• Addition of reception area, lobby, souvenir shop-cum-gallery,
swimming pool, library at the poolside lounge, multi-purpose
dining hall, Kebaya Restaurant, kitchen, staff area, office,
exhibition area, furniture storage and workshop, garden, and
swimming pool on the ground floor

• Addition of 16 guest rooms (14 standard rooms and 2
apartments) and linen storage on the first floor

• Each of the standard guest rooms are provided with semi
outdoor balcony (Fig. 10 in Appendix 2)

• Addition of mezzanine in each standard room, connected
with wooden staircase (Fig. 11 in Appendix 2) and en suite
toilet is provided in the mezzanine floor of the standard room
(Fig. 12 in Appendix 2)

• Addition of lift and spiral staircase for the hotel guests on the
public area (Fig. 13 in Appendix 2)

• Addition of 2 fire escape stairs on the left and right side of the
building to comply the fire safety regulation

• Addition of disabled restroom on the ground floor. However,
the toilet failed to comply the standard

• The rear part of the original building facing Argus Lane now
become the main entrance of the hotel (Fig. 14 in Appendix
2). The original façades facing Lorong Stewart become the
entrance of Kebaya restaurant and gallery-cum-souvenir shop

(continued)
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Table 2 (continued)

Case Adaptive reuse remarks

Mclane Boutique Hotel • Made of four units of shophouse building
• Addition of reception area at ground floor, guest room and
storage rooms at the rear court (Figs. 15 and 16 in Appendix
2)

• Addition of 8 guest rooms on the ground floor area and 14
guest rooms on the first floor area

• Rear court have been newly constructed to accommodate
storage rooms (Fig. 16 in Appendix 2)

• The open courtyard of 4 row of shophouse is merged to create
one open courtyard with a newly constructed guest room
(Fig. 16 in Appendix 2)

• Addition of en suite toilet in all guest rooms
• Newly constructed concrete floor with finishes
(terracotta/laminated wood floor) to accommodate new
lounge, guest rooms on ground floor and first floor (Figs. 17
and 18 in Appendix 2)

• Lounge is introduced as a public space on first floor on the
fourth unit

• Newly constructed partition wall to create guest rooms,
storage rooms (Fig. 19 in Appendix 2)

• Newly constructed staircases located at first and third unit of
the shophouse as opposed to its original location (Fig. 20 in
Appendix 2)

• New staircase is constructed to access Room 22 (Fig. 21 in
Appendix 2)

• Walls are hacked to create continuous accessible corridor on
both floors

The Boutique Residence Hotel • Made of six units of shophouse building
• Addition of lobby and reception area at ground floor (Figs. 22
and 23 in Appendix 2)

• Now abandoned café with kitchen and bar at the ground floor
(Fig. 24 in Appendix 2)

• Swimming pool at the air well area (Fig. 25 in Appendix 2)
• Air well on 4 unit of the shophouse (2 unit on the left and right
side of the building row) has been closed to accommodate
guest rooms (Room 2 and Room 9) and staircases

• Newly constructed partition walls to accommodate the new
spaces

• Staircases are built anew and relocated at both left and right
side at 2 unit of the shophouse (Fig. 26 in Appendix 2)

• Concrete with terracotta tiles and laminated wood finishes
corridor on the first floor (Fig. 27 in Appendix 2)

• Polycarbonate roofing enclosure at the air well (Fig. 28 in
Appendix 2)

• Addition of toilet in each guest room (Fig. 29 in Appendix 2)
• The addition of guest rooms (Room 1, 2, 9 and 10) on the first
floor at the rear court space as well as the storage
compartments

(continued)
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Table 2 (continued)

Case Adaptive reuse remarks

Sweet Cili Boutique Hotel • Made of three units of shophouse building
• Addition of reception area, lobby, pantry at ground floor and
ample storage spaces for cleaning equipment and linen at first
floor

• Modification of staircase in terms of steepness, material, and
type of staircase (Fig. 30 in Appendix 2)

• Withdrawal of staircase for the second shophouse unit
• Enclosure of air wells for the first and third shophouse unit to
accommodate more guest room spaces

• Addition of three guest rooms (1, 2, 3) at ground floor and
five guest rooms (4, 5, 6, 7, 8) at first floor. All guest rooms
are equipped with en suite toilet

• Replacement of timber flooring into red-coloured seamless
concrete floor for guest rooms at first floor (Fig. app 31)

• Addition of polycarbonate overhang as roofing at the
courtyard (Fig. 32 in Appendix 2)

• Addition of glass panels at air vents and windows on the
façade to insulate the interior space with exterior of hotel
(Figs. 33 and 34 in Appendix 2)

• Addition of single leaf glass door with electronic lock at the
entrance for security purpose (Fig. 35 in Appendix 2)

• Addition of new walls to segregate storage area (Fig. 36 in
Appendix 2)

Appendix 2. Table 3 meanwhile presents the cross-comparison among the five
buildings based on the spatial hierarchy, spatial zoning, and facilities provision.

5 Conclusions

Implying from the collective results, a certain degree of physical changes and modi-
fications to the existing layout of heritage shophouses is necessitated in accom-
modating the new boutique hotel function. For such repurposing intervention, it is
apparent that spatial alterations to cater guests’ needs and fulfil a hotel functional
requirement are inevitable. These, as seen in the new interior layouts, include:

• Revamping the front hall to accommodate reception and lobby area (for
welcoming and facilitating guests in checking in and out of their stays),

• Erecting newwallsmainly at the first floor to segregate the typical long and narrow
shophouse interior (for creating guest rooms, which quantity is contributory to
the revenue generation), and,

• Retrofitting additional sanitary and plumbing system (for equipping en suite toilet
within each guest room, a paramount feature of a boutique hotel).
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Table 3 Inter-case review on the cross-comparison of the five buildings

Aspect You Le
Yuen

Seven Terraces Mclane
Boutique
Hotel

The
Boutique
Residence
Hotel

Sweet Cili
Boutique
Hotel

Spatial
hierarchy

Largest Lounge
and
reading
corner

Courtyard,
Kebaya
Restaurant

Open
courtyard

Lobby, bar,
swimming
pool

Lobby

Smallest Kitchen Linen storage Guest
Rooms
(Room 6
and 7)

Toilet
(ground
floor)

Storage
room

Spatial
zoning

Public Courtyard
lounge,
dining
area, bar,
rear
courtyard

Lobby lounge,
library/poolside
lounge, Kebaya
Restaurant,
exhibition area,
souvenir shop,
courtyard

Lobby,
open
courtyard

Lobby,
café, bar

Lobby

Semi-public Reception Reception,
swimming pool

Reception Reception,
swimming
pool

Reception,
courtyard

Private Guest
rooms,
security
room

Guest rooms,
staff area,
furniture
workshop,
office

Guest
rooms

Guest
rooms,
office, staff
area

Guest
rooms

Service Kitchen Kitchen, store
room (linen &
furniture)

Storage
rooms

Kitchen Pantry,
storage

Facilities
provision

Library Yes
(Reading
corner)

Yes (Reading
corner)

None None None

Gallery None Yes (Peranakan
jewelleries,
porcelain-ware,
interior decors,
and furniture)

None None None

Rooftop
garden

None None None None None

Souvenir shop Yes
(Fashion
boutique)

Yes (Peranakan
jewelleries,
porcelain-ware,
interior decors,
and furniture)

None None None

Miscellaneous Security
room

Swimming
pool, garden

None Swimming
pool

None
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• Two out of the five buildings equipped their respective building with a swim-
ming pool (one is within the internal space which is considerably an intrusive
intervention to the existing cultural fabric).

• None of the buildings provided the facility of a rooftop garden, presumably unfea-
sible to be constructed and due to the importance to retain the original roof identity
of heritage shophouse (identity of Southern Chinese eclectic style).

Inferably, both building owners and heritage consultants faced challenges in
accomplishing the varying business and conservation needs while planning for such
adaptive reuse implementation. It is suggested that this study is extended to other
building typology other than heritage shophouses, besides expanded to cover beyond
the Core Zone of George TownWHS to foster a better understanding on the physical
impact of adaptive reuse on built heritage in a holistic manner.
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First Floor 

Ground Floor 

Seven Terraces 
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Ground Floor 
First Floor 

Mclane Boutique Hotel 
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The Boutique Residence Hotel 

First Floor 

Ground Floor 
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Legend: 
Lobby/Reception/Lounge Storage 

Guest room Office/Souvenir shop/Gallery/Workshop 

Dining area/Restaurant/Café/Bar/Kitchen Five foot walkway 

Courtyard/Air well Swimming pool 

Border of the original shophouse 

Ground Floor First Floor 

Sweet Cili Boutique Hotel 
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Appendix 2

Figure 6 Figure 7 Figure 8 Figure 9 

Figure 10 Figure 11 Figure 12 Figure 13 

Figure 14 Figure 15 Figure 16 Figure 17 

Figure 18 Figure 19 Figure 20 Figure 21 

Figure 22 Figure 23 Figure 24 Figure 25 
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Figure 26 Figure 27 Figure 28 Figure 29 

Figure 30 Figure 31 Figure 32 Figure 33 

Figure 34 Figure 35 Figure 36 Figure 37 
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Reduction of Temperature in Hot, Humid
Climatic Context of Dhaka Through
Building Regulations of Bangladesh

Najiha Afnan

Abstract Dhaka has witnessed a significant rise in temperature over the past few
decades. The reasons behind this remarkable temperature rise are increasing popula-
tion, destruction of green spaces, high building density, lack of open spaces, filling up
water bodies and so on. The increasing temperature has contributed to uncomfortable
living conditions. To improve thermal comfort under the hot, humid climatic condi-
tions of Dhaka, authorities have developed some building regulations and achieved
a considerable reduction in temperature by implementing those regulations which
leads to a sustainable environment. Nowadays, architects are interested in green
buildings, landscaping, roof gardening and vertical gardening. They play an impor-
tant role by ensuring future-proof design solutions to overcome climate challenges
and creating a positive impact on the environment. This paper highlights the reduc-
tion of temperature in the hot, humid climatic context of Dhaka through building
regulations of Bangladesh. The observations obtained from this study can be imple-
mented in preparing building regulations for a densely populated, hot, humid climatic
context like Dhaka city in order to reduce temperature.

Keywords Temperature rise · Open spaces · Climate challenges · Sustainable
environment · Reduction in temperature

1 Introduction

Dhaka, the capital of Bangladesh, is characterized by excessive population density.
Dhaka’s current population is 21,741,090 that makes it one of the most heavily
populated cities in the world. In this city, 23,234 people live per square kilometer
[1]. There is an acute scarcity of land inDhaka.To accommodate this hugepopulation,
green areas are constantly being replaced by unplanned and uncontrolled build areas.
Therefore, Dhaka city is losing its green spaces day by day [2]. The shortage of land
is so acute that the rivers around the city are being filled up to make space for new
buildings [3]. Consequently, there is a lack of open spaces in this city. According

N. Afnan (B)
Department of Architecture, Ministry of Housing and Public Works, Dhaka, Bangladesh

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
M. Awang et al. (eds.), Advances in Civil Engineering Materials, Lecture Notes
in Civil Engineering 223, https://doi.org/10.1007/978-981-16-8667-2_37

339

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-8667-2_37&domain=pdf
https://doi.org/10.1007/978-981-16-8667-2_37


340 N. Afnan

to a study, the average temperature of Dhaka is 2 °C higher than the rural areas [4].
Moreover, the temperature is rising at an alarming rate day by day. Considering these
factors, the authorities of Bangladesh have developed some building regulations for
Dhaka city to deal with the temperature rise issue. These regulations have improved
comfort to some extent and ensured a sustainable environment.

2 Temperature of Dhaka

Dhaka has a tropical climate which is mostly hot and humid [5]. Being one of the
hottest regions of the country, Dhaka experiences an annual average temperature
of 25.3 °C (77.5 °F). During the summer months, the average temperature reaches
up to 28.3 °C (82.9 °F), while during the winter months, the average temperature
drops to 18.5 °C (65.4 °F) [6]. The highest temperature recorded in Dhaka is 42.2 °C
(108.0 °F), while the lowest temperature recorded is 6.1 °C (43.0 °F). The average
relative humidity is 75% [5].

3 Causes of Temperature Rise in Dhaka

The temperature of Dhaka city has increased by almost 3 °C over the past couple
of decades [7]. Various reasons are responsible for this extreme temperature rise.
The population of Dhaka has been increasing day by day. The annual population
growth is about 4.2% [1]. Many people are migrating to Dhaka from the rural areas
and other towns for better opportunities [3]. This excessive population density plays
an important role in the rise of temperature. There should be a minimum of 25%
forest area in a city for a healthier environment. But Dhaka has only around 5%
which is not adequate [2]. Green spaces are being constantly destroyed for the sake
of building construction to accommodate the fast-growing population. This is one
of the major reasons for the increasing temperature in Dhaka. Moreover, ponds,
canals and surrounding rivers are being filled up for the construction of multi-storied
buildings [7]. Destruction of these water bodies and wetlands is also accountable
for temperature rising. Besides, the rapid pace of urbanization has contributed to the
rise of temperature. There has been an increase in the number of high-rise buildings
in Dhaka in the last thirty years [4]. The density of buildings and uneven building
heights are responsible for temperature rise in Dhaka city. Other reasons include
waste heat from transports, excessive use of air conditioning, poor environmental
governance, etc. [7].
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4 Effects of Temperature Rise

The increasing temperature is affecting the environment as well as the people of
Dhaka city in diverse ways. The living conditions of the people have been declining
due to temperature rise. It creates an extremely uncomfortable warm outdoor envi-
ronment which hampers the well-being of the people and outdoor activities as
well. Public health is being affected by increasing temperature as it induces various
diseases such as, physical distress, breathing problem, tiredness, etc. [8]. According
to a study when the temperature is above 29 °C, there is an increase of diarrhea
by 40.2% for each 1 °C rise in temperature [9]. Moreover, people may die from
heatstroke [8]. The increasing temperature has decreased the seasonal rainfall and
increased unpredictable, excessive rainfall that leads to waterlogging. Waterlogging
hampers several utility services. For example, water and energy supply, sewerage
system, etc. The temperature rise contributes to greater demand for air conditioning
which leads to higher energy consumption. Agricultural productivity and other liveli-
hoods are also being affected by the rising temperature of Dhaka city. It contributes
to rising sea levels and flooding as well [9].

5 Methodology

The methodology of this study involves two steps. Extensive literature reviews have
been done to analyze the impact of green areas in the reduction of temperature
and identify design principles that can be implemented to reduce the increasing
temperature of Dhaka city. Besides, “TheDhakaMetropolitan Building Construction
Rules 2008” and “Bangladesh National Building Code 2020” have been analyzed to
find out the building regulations that contribute to the reduction of temperature.

6 Building Regulations to Reduce Temperature

Dhaka is becoming very vulnerable day by day in terms of sustainability. The city has
produced significant changes to the ambient climate due to the lack of open spaces.
The unplanned swelling of Dhaka city is now a major problem that needs to be
controlled in order to restore its favorable living condition. Considering these facts,
the authorities felt the necessity of new building regulations solely for Dhaka city.
Consequently, “The Dhaka Metropolitan Building Construction Rules 2008” was
established. These new regulations replaced the previous “Building Construction
Rules 1996.” One of the most significant features of these new sets of rules is the
introduction of Floor Area Ratio (FAR) [10].

FAR = Total build area

Land area
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Table 1 Mandatory open
space for the plot of health
care buildings [11]

Plot size x (m2) Mandatory open space (%)

335 < x ≤ 536 40

536 < x ≤ 670 42.5

670 < x ≤ 938 45

938 < x ≤ 1072 47.5

1072 < x ≤ 1340 50

x > 1340 50

Table 2 Mandatory open
space for the plot of different
building types [11]

Building type Mandatory open space (%)

Residential 32.5–50

Educational institution 40–50

Institutional 40–50

Community space 35–50

Commercial 32.5–50

Industrial, warehouse and others 35–40

The term “Mandatory Open Space” was also introduced. Guidelines regarding
mandatory open space for all building types were provided according to the size of
the plot. Mandatory open space for the plot of health care buildings is given below.

From Table 1, it is observed that the mandatory open space for the plot of health
care buildings ranges from 40 to 50% according to various plot sizes. Mandatory
open space for the plot of other building types is given below (Table 2).

Thus more open spaces have been achieved through the new building regulations.
To analyze the increment of open space after the implementation of new building
regulations for Dhaka city, an imaginary site in a residential area has been taken. The
plot size is 2090 m2 and there is a 12 m road at the front.

In scenario 01, after providing the regulations of “Building Construction Rules
1996” regarding setbacks, only 289 m2 open space is left. According to “The Dhaka
Metropolitan Building Construction Rules 2008” for residential buildings, if the plot
size is more than 1340 m2, the mandatory open space shall be 50% of the plot area.
Therefore, In scenario 02, applying the regulations regarding mandatory open space
and setbacks total of 1045 m2 open space is achieved. In this case, the open space
has increased 36.17% after the implementation of new regulations for Dhaka city
(Fig. 1).

The provisions of open space within a site provide an opportunity to improve
outdoor thermal comfort conditions. According to “The Dhaka Metropolitan
Building Construction Rules 2008” a minimum of 50% of the mandatory open space
must be unpaved with or without vegetation so that the water can enter the soil. These
green spaces significantly influence the climate by reducing the temperature of the
outdoor environment. Even a single tree can influence its microclimate. Trees and
shrubs control noise and dust. Several environmental factors are influenced by the
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Fig. 1 Different site scenarios

city green such as air temperature, relative humidity, airflow, solar radiation, etc. all
of which ultimately contribute to the reduction of temperature. Therefore, building
regulations regarding mandatory open space have contributed to the reduction of
temperature in Dhaka city.

Architect T Tariq conducted an experiment to analyze the impact of green space
to reduce the temperature of Dhaka city [12]. ENVI-met software was used for
analyzing the simulations of temperature and wind velocity at 6 am in April which
is one of the warmest months of the year. An imaginary site in a residential area of
Dhaka city was taken. There were three blocks—Block A, Block B and Block C.
There were 30 m wide roads on east and west. On north and south, there were two
18 m wide roads (Fig. 2).

Both Block A and C had 10 plots (46 m × 20 m). For each Plot of Block B, the
buildings were 12 storied with maximum ground coverage (50%) or 15 storied with
minimum ground coverage (42%). Whereas for each Plot of block A and C, 6 storied
buildings were considered. Two plots at the middle of Block B were filled up by a
one storied building of 3 m in scenario 01, a brick pavement road in scenario 02 and
a green area in scenario 03. Relative humidity was considered 73% and wind speed
was 3.0 m/s for April. Building materials were constant in all three scenarios.

The highest temperature was 292.99 K or above which was found at the street
level, while the lowest temperature was 292.91 K or below at the interior of the
building. In Scenario 01 and 02, the temperature of the middle plots of block B
was 292.99 K or above which was the highest temperature. But in Situation 03, the
temperature was considerably cool which was around 292.98 K. Findings suggest
that green areas are able to reduce the outdoor temperature.

The wind velocity was very low at the middle plots of block B which was under
0.35 m/s in scenario 01. But in scenario 02 and 03, a moderate wind speed was
observedwhichwas 1.18–1.46m/s. Findings suggest that open spaces have a positive
impact on the microclimate as airflow contributes to outdoor comfort [12].

Some new regulations have been incorporated in “Bangladesh National Building
Code” which is applicable all over Bangladesh. According to these new set of rules
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Fig. 2 a The conceptual site condition [12]. b Different scenarios of the site [12]. c Analysis of
temperature simulation [12]. d Analysis of wind simulation [12]

50% of the roof slabs of educational, institutional and health care buildings shall
have a green roofing system. Moreover, all types of buildings shall use solar or other
renewable sources of energy [13]. Implementation of these regulations will surely
contribute to the reduction of temperature.
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7 Role of an Architect

Architects can play an important role in the reduction of temperature in Dhaka city
in various ways. They should come up with innovative ideas to overcome climate
challenges. A lot of considerations are required while designing. It is mandatory to
have climate knowledge. They need to focus on every climatic factor. The physical
and emotional needs of the people must be kept in mind too. Their designmust create
a positive impact on the environment. Planning in advance is necessary as well.
Architects should follow the building regulations strictly. They should make the best
use of the mandatory unpaved area by plantation of trees and shrubs. Participating
in the policy making process is also important.

8 Recommendation

To reduce the increasing temperature of Dhaka, green roofing system should be
mandatory for all the residential buildings. Vertical gardening should be encour-
aged as well. Regulations regarding building materials should be incorporated in
the building regulations as materials also affect the environment. Besides, proper
plantation must be provided in the mandatory open spaces.

9 Conclusion

Reduction of the increasing temperature is now one of the biggest challenges
for survival in Dhaka city. Implementation of the new building regulations has
contributed to temperature mitigation to some extent. The outdoor environment is
more comfortable than before. More strategies should be developed to overcome the
temperature rise issue. Architects, urban planners, environmentalists, policymakers
all should work hand in hand to achieve a better habitat for the next generation.
Proper implementation of building regulations must be ensured by law enforcement.
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Modeling Reinforced Concrete Beam
with GFRP Bar and GFRP Sheet Using
Finite Element Method

E. A. Z. Ikhsan, H. Parung, and R. Irmawaty

Abstract The use of FRP bar reinforcement as a rust-resistant material is one
solution to increase the resilience of reinforced concrete structures in the marine
environment. Innovations in the use of FRP reinforcement need to be developed to
improve quality and reduce construction costs by eliminating concrete cover and
shear reinforcement. Removing the concrete cover and shear reinforcement in the
beam can minimize the cross-sectional height without reducing the effective height
of the beam and simplify the placing of concrete. To replace the shear reinforcement,
GFRP sheets are installed in the shear span. To validate the flexural behavior of
reinforced concrete beams using FRP rods without concrete cover with GFRP sheet
shear reinforcement in the experimental study, a numerical analysis was carried out
using the finite element method using abaqus cae software. Modeling and treatment
of test objects in numerical analysis is based onmodeling and experimental treatment
studies including material data used are the same as those in experimental research.
The results obtained are that the flexural load capacity of the BFTS analyzed numeri-
cally is 12.45% greater than the experimental study. BFTS crack pattern in numerical
analysis is wider than experimental study because the load resisted is numerically
larger but basically the crack pattern experienced in the mid-span zone is similar.

Keywords Numerical analysis · Experimental study · GFRP sheet and GFRP bar

1 Introduction

The use of corrosion-resistant reinforcement on structural elements for very aggres-
sive environmental conditions is more profitable than the use of steel reinforcement
that is given rust protection by catodic protection, epoxy coating or galvanization
methods [1]. In addition to being corrosion resistant, GFRP bars have high strength,
are not affected by magnetism, have good fatigue resistance, are lightweight, have
low thermal and electrical conductivity [2].
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Meanwhile, repairs due to shear reinforcement damage can be done by adding
GFRP sheet as needed. Glass fiber materials have a more elastic strain energy
capacity and a high strength to weight ratio compared to steel, as a result, the use of
steel in concrete will be reduced. GFRP bars are more suitable for designing struc-
tural elements, demanding a high strength-to-weight ratio as well as high corrosion
resistance.

The results of previous studies showed that beams with GFRP reinforcement
were able to increase the flexural capacity of beams by 4.14% against normal beams
[3]. Meanwhile, other experimental results show that the installation of GFRP sheet
on the beam can increase the flexural capacity and ductility of the beam. They are
37.96% and 25%, respectively [4].

This paper aims to validate the experiment research with a finite element program.
This paper is comperation and validation of experimental study of Kusnadi in 2020.
Are the results of the numerical analysis in accordance with the results of the exper-
imental study, it is necessary to conduct a study entitled “Modeling Reinforced
Concrete Beams with Glass Fiber Reinforced Polymer (GFRP) Bars and Sheets
Using Finite Element Method”. Also, this analysis is expected as a reference mate-
rial in the planning and repair of structures, especially in structures in the marine
environment by considering the advantages and disadvantages of using GFRP bars
and GFRP sheets.

2 Materials

2.1 Material Properties

The materials used in are concrete fc’ 25 MPa, steel Ø8, steel D13, GFRP bar D13
and GFRP sheet 1.3 mm (Fig. 1).

(a) Concrete                 (b) Steel                     (c) GFRP bar                  (d) GFRP sheet 

Fig. 1 The materials used
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2.1.1 Concrete Damage Plasticity (CDP)

In this analytical study, CDP was chosen because compared to other models, CDP
is able to simulate the elastic and plastic properties of concrete by considering the
softening behavior in both compression and tension. CDP relies on two main failure
patterns to control the behavior of concrete elements; compression crushing and
tensile cracking. There are five standard parameters that Abaqus provides to solve
functions (Tables 1 and 2).

The tensile damage parameter, dt is defined as the ratio of the cracking strain to the
total strain. Similarly, the compressive damage parameter, dc is defined as the ratio
between the inelastic strain and total strain. If damage parameters are not specified,
the model behaves as a plasticity model (Fig. 2).

Table 1 Concrete behavior

Material Compression
strength fc’
(MPa)

Tensile strength
fct (MPa)
Kusnadi 2021

Elastic modulus
(MPa) Hamid
Sinaei dkk.
2012

Poisson’s ratio
(MPa)

Density
(tonne/mm3)

Concrete 25 0.50
√
fc’ = 2.5 4700

√
fc’ =

23,500
0.21 2.4 × 10–9

Table 2 Parameter plasticity untuk concrete damage plasticity

Dilation angle Eccentricity fb0
fc0

K Viscosity parameter

20 0.1 1.16 0.667 0

Source Walid Mansour, 2021

(a) in tension [5]  (b) in compression [6].

Fig. 2 Behavior of concrete
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Table 3 Reinfrocements behavior

Material Ultimate stress
(MPa)

Elastic modulus
(MPa)

Poisson’s ratio
(MPa)

Density
(tonne/mm3)

GFRP bar
(D13 mm)

788 43,900 0.25 2.1 × 10−9

GFRP sheet
(1.3 mm)

575 26,100 0.33 2.6 × 10−9

Steel (D13
mm)

370 200,000 0.3 7.85 × 10−9

Steel (Ø8 mm) 240 200,000 0.3 7.85 × 10−9

2.1.2 Steel

Steel is an isotropic material, the input data on abaqus uses density, plasticity and
elastic data. Plastic behavior filled with yield stress and plastic stain values. Young’s
modulus value and poisson’s ratio for the elastic and mass density for density.

2.1.3 GFRP (Glass Fiber Reinforced Polymer) Bar

Modulus of elasticity of GFRP bars (40–55 GPa) is lower than that of steel bars
leading to larger deflections and wider cracks than steel-reinforced concrete, this is
why GFRP bars are not usually used as compression reinforcement []. GFRP bar is
an anisotropic material with a strong longitudinal axis governed by fibers and a weak
or moderate transverse axis regulated by a fiber binding resin [5].

GFRP bar material is an isotropic material, the data input on abaqus uses density,
plasticity and elastic data. Elastic behaviors are young’s modulus and the position
ratio, and mass density for density behaviour (Table 3).

2.1.4 Hashin Damage GFRP (Glass Fiber Reinforced Polymer) Sheet

GFRP Sheet is an orthotropic elastic material [6] and based on the (Abaqus Analysis
User’s Guide) the behavior of the glass fiber reinforced epoxy coating material is
assumed to be orthotropic, with a stiffer response along the fiber direction and amore
pronounced behavior soft in the matrix. Where the material data uses density, elastic
type lamina and hashin damage.

Material behavior elastic for GFRP sheet using lamina type. Although based
on abaqus manual version 6.14, GFRP sheet is assumed to be orthotropic, but the
mechanical properties of advanced composite laminates are assumed for better math-
ematicalmodeling in structural analysis.Where the lamina itself in the big Indonesian
dictionary means a thin sheet. Each lamina was treated as an orthotropic material
under a field stress state and assumed to be transverse isotropic [7]. GFRPSheet using
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Table 4 Initial orthotropic damage properties of fiber-reinforced epoxy

Longitudinal failure stresses Transverse failure stresses Longitudinal and transversal

Tensile Compression Tensile Compression In-plane shear strength

(Mpa) (Mpa) (Mpa) (Mpa) (Mpa)

2500 2000 50 150 50

Source Abaqus user manual 6.14

Hashin damage, [8] proposed that the criteria for predicting the failure of composite
materials should be based on the mechanism of material failure.

Hashin [8] proposed that the criteria for predicting the failure of composite mate-
rials should be based on the failure mechanism of the material, not simply extrapo-
lating existing criteria to other materials as was the case in the Tsai-Hill and Tsai-Wu
Criteria. These failure criteria are used to predict different failure modes such as fiber
breakage in stress, fiber buckling in compression, matrix cracking, and debonding.
The specimen uses the Hashin-Rotem criteria, 1973 because the material is in a state
of biaxial stress, the alpha value in the material behavior is equal to 0 (Table 4).

2.2 Modeling Specimens

The specimen is BFTS, fiber beam without cover concrete. Where dimension of the
beam 150 × 250 × 3300 mm. The specimen uses some materials. It uses concrete
fc’ 25 MPa, steel Ø8 as compressive reinforcement, GFRP bar D13 as tensile rein-
forcement, and GFRP sheet as shear reinforcement. Figure 3 shows the beam using
GFRP bars as tensile reinforcement and GFRP sheets as shear reinforcement without
covers (BFTS).

Fig. 3 Modeling scheme of fiber beam without cover concrete (BFTS)
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2.3 Modelling of the Interface Surface Between Concrete
and GFRP Sheet

The model is simulated using a perfect bond as a tie constraint where no separation
between the two surfaces is allowed [9]. The value of friction is obtained from
the product of the coefficient of friction and the nominal stress. Table 5 shows the
coefficient of friction for the unsmoothed concrete surface is 0.60while Eq. (1) shows
that the nominal stress value reaches one [9]

{
σn

σnmax

}2

+
{

τt

τt max

}2{
τs

τsmax

}2

= 1.0 (1)

where σ n is the tensile stress of the interface inMPa units, τ t and τ s are the interfacial
shear stress, n t and subscripts represent the direction of the adhesive thickness of
the stress component in mm, σ nmax is the maximum tensile strength of the cohesive
surface. While σ t0, τ tmax and τ smax are the maximum shear strength of the cohesive
surface (Fig. 4).

friction = µ σ n = 0.60 × 1 = 0.60.
Therefore for the coefficient of shear between the surfaces is 0.60.

Table 5 Cohesion and friction coefficient values

Surface characteristics of the interface c µ Ra (mm)

Very smooth (steel, plastic, specially treated timber formwork) 0.025 0.50 Not measurable

Smooth (concrete surface without curing) 0.35 0.60 <1.5

Rough (strongly roughened surface) 0.45 0.70 >1.5

Very rough 0.50 0.90 >3.0

Source fib Model-Code (2010)

Fig. 4 Traction separation
modeling (tensile) for a
cohesive surface Source
Walid Manosur, 2021
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3 Result and Discussions

3.1 Load–Deflection Curve

Figure 5 shows the load and deflection responses of numerical analysis result and
kusnadi’s experimental study which are summarized in Table 5. The deflection
reported here was the deflection at the mid-span of the beam. Generally, all the
beams exhibited similar behavior until the first crack. After that, the slope of load–
deflection curves reduced differently. The curve of mesh 50 is higher than mesh 40,
then curve of mesh 40 is higher than mesh 30. Meanwhile, the stiffness of mesh 30
and mesh 40 is almost similar. This indicates that the use of mesh value at abaqus cae
affected the stiffness of the beams. The shape of numerical analysis curve is different
to kusnadi’s experimental study curve in 2021.

As shown in Table 6, average maximum load value of numerical analysis is 78.83
kN which is higher than the experimental study 75.08 kN. This shows that there are
factors in the experimental study that cause the results of the beam in the experimental
study to be less able to resist 3.75 kN, with a higher accepted load, the beam analyzed
numerically also only experienced 42% smaller deflection of the experimental study

(a) Numerical analysis (b) Kusnadi’s Experimental study in 2020

Fig. 5 Load–deflection responses of BFTS

Table 6 Results of numerical
and experiment analysis

Specimens Load (Pu) (kN) Deflection (�u) (mm)

BFTS-mesh 30 69.076 32.564

BFTS-mesh 40 75.339 41.431

BFTS-mesh 50 92.07 42.423

Average numerical 78.828 38.806

Average experiment 75.08 68.91
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deflection experienced. The load was constant, while the displacement still increased
until the failure. This was a typical flexural failure mode.

3.2 Crack Pattern

Figures 6 and 7 showed the crack pattern of analysis numerical beams and exper-
imental study at the ultimate load. The ultimate load of BFTS mesh 30, mesh 40,
mesh 50 and BFTS experimental study were 69.08 kN, 75.34 kN, 92.07 kN, and
75.08 kN, respectively. Comparing to cracks pattern of the experimental study, the
pattern of cracks on numerical analysis are wider but still similar. The long cracks
were concentrated in the constant moment region at the span center. The mesh 50
pattern indicates that the GFRP sheet performs well to resist cracking under the
beam however cracks still occur at the mid span. This was because the concrete of
experimental study has not reach maximum load failure as numerical analysis beam
can resists.

Fig. 6 Crack pattern BFTS at failure of numerical analysis

Fig. 7 Crack pattern BFTS at failure of kusnadi’s experimental study in 2020
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4 Conclusion

The comparation result of fiber beamwithout cover concrete between analysing with
finite element method and experimental study show that:

1. The flexural load capacity of the BFTS analyzed numerically is 12.45% greater
than the experimental study. Although the material data used are the same as
those in the experimental study.

2. The BFTS crack pattern in the numerical analysis is wider than the experimental
study because the numerically resisted load is greater but basically the crack
pattern experienced in the midspan zone is the same.
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