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ABSTRACT

Rapid urbanisation appears to cause more paved parking areas being provided which contributed into a greater impermeable
surface area. Pavement runoff from the impermeable surface area does indeed have a high concentration of contaminants and
it has been identified as a major cause of deterioration of nearby recipient water bodies. The more develop the country is, the
poorer the water quality they have (Ashantha, et. al 2005). It carries pollutants, sediments, nutrients and heavy metals. An
intensifying development in areas with impervious surface leads rainwater with small particles runs rapidly into drainages
and rivers that may cause blockage that eventually leads to flash flood problem. Changes in land use increased the degree of
soil imperviousness led to the increased of stormwater volume (Kundzewicz, et al., 2007). This study used a potential block
system that is equipped with inner storage and expected to give minimal impact to the environment in order to improve the
water quality and prevent ponding in the paved and impermeable areas. Figure I illustrates the simulation of pavement runoff
was conducted to evaluate the performance of kenaf fibre and sugarcane husk that sandwiched in a modular block at a model
scale in the hydraulic laboratory. The collected pavement runoff stored lower tank were tested and parameters observed
were chemical oxygen demand, biological oxygen demand, amounts of suspended solids and turbidity. Water quality before
and after being treated with the filtration media were compared. The performance and effectiveness of the two bio-composite
materials as filter media were also assessed in decelerating the rate of runoff. Results show that the two proposed bio-composite
materials are capable in reducing surface runoff, storing water, and reducing pollutant concentrations. The kenaf fibre appears
to perform better in treating the polluted pavement runoff while sugarcane husk has a better performance in storing runoff and
reduce the peak flow of runoff.

Keywords: Bio-Composite, Integrated Storage, Pavement Runoff, Wastewater Treatment

1.0 INTRODUCTION

Earlier in 1997, Boller stated that the pollutants from streets
and roofs carried by stormwater was the major contributor in
surface water pollution. Nowadays, runoff from pavement is one
of the main causes of urban water pollution and has become a
major concern as it transports large quantities of contaminants
to receiving waters in many countries including Malaysia (Lee,
et al., 2007). In rapid urban areas, the pavement runoff has
proven to be a significant source of contamination that threatens
the quality of urban water (Qian et al., 2021) in which the
parking areas are a common type of impervious surface that is
directly proportionate to rapid urbanisation. The entire presence
of contaminants, including heavy metals, organic matter, and
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Figure 1: Lab Scale Simulation of Pavement Runoff
using Rainfall Simulator System (RSS)

petroleum hydrocarbon pollutants, is increasing tremendously
due to the growing number of cars, factories, and people
(Markiewicz et al., 2017). The roadways serve as depositories
for a vehicular where road-deposited sediments (RDS) such as
sand, loose gravel, mud or tar from vehicles typically attach to
fine-grained particles accumulated on roadway systems between
the periods of precipitation. These pavement runoff with
particles will be washed out and directly enters the water bodies.
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Pavement runoff contains a mass of pollutants and known to be
a significant contributor to the deterioration of receiving water
bodies (Park et al., 2015, Qin et al., 2016, Risch et al., 2018).
According to Ma et al. (2018), 69.24 percent of the particle
pollution is caused by runoff from road surfaces. However, the
types and sources of road surface pollutants diverse depends on
regional characteristics; thus the quality of pavement runoff varies
by regions. Table 1 tabulates the typical pollutant in pavement
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runoff in the US and Asian. Studies reported that different rainfall
events also result to varies greatly (Xue et al. 2020).

Capturing and treating urban runoff before it enters the
receiving water courses is one of available methods in solving
this issue. Hence, the aim of this study is to propose a sustainable
media in treating pavement runoff before it enters the drainage
system. Thus, the specific objective is to evaluate the performance
and the effectiveness of sandwiched bio-composite materials that
are kenaf fibre and sugarcane husk as filter media. This study is
to also promote sustainability in treating the contaminated water.

Table 1: Typical Concentration of Pollutants in Pavement Runoff
(Kang et, al. 2019)

Locations
Parameter United
States of | Australia China Korea
America
Total
Suspended 12-129 60-1350 439 536
Solid (mg/1)
COD (mg/l) 37-130 373 468

2.0 FILTRATION USING
BIO-COMPOSITE MEDIA

A variety of filtration systems have been developed and proved
to be useful for alleviating the pavement runoff pollution. These
systems mainly include filtration facilities such as filtration
trenches, gutter systems and basins storage systems such as
constructed eco-wetlands/lagoons, vegetated retention ponds
(Eriksson et al., 2007) which requires large areas and restrict the
application. As Fuerhacker et al., 2011 in his studies mentioned
that filtration systems for parking areas have been developed
and showed effective results for treating the polluted urban
road runoff. Thus, a modular integrated storage brick for urban
drainage system is proposed.

It is widely known that the kenaf fibre is mostly used as
reinforcement in concrete and less studies on the performance
of kenaf fibre and sugarcane husk in treating contaminated water
were discussed. Researchers discussed more on the potential
of Kenaf as reinforcement (Kumar and Velmurugan, 2022).
Shirvani et.al, (2019) concluded that reinforcement of structural
elements and construction materials this natural fiber has gained
popularity among researchers and industries due to environmental
concerns. Thus, this paper focused on the performance on these

Sugarcane husk

Figure 2: Bio-Composite Materials as Filter Media

two bio-composite raw materials in treating the polluted water.
Since the primary goal of employing biological wastes is to filter
tiny particles in pavement runoff, both were washed with tap
water, rinsed thoroughly and dried. No chemical treatment was
done to the bio-composite materials used. Both fibres were then
compacted and sandwiched in the brick opening. For sustainability,
the bio-composite wastes are selected to promote greeneries in
parking areas besides minimizing the impervious areas. Figure 2
shows the types of bio-composite materials used in this study.

Since a system that equipped with layered filter media can
reduce the pollution by adsorption, absorption, ion exchange, or
complexation reactions (Pitcher ef al., 2004; Fuerhacker et al.,
2011), therefore, selecting and configuring the filter media are
essential issues for a runoff treatment system.

3.0 FILTRATION TEST EQUIPMENT

A modular mortar brick with an inner opening is designed to
store and elongate the surface runoff time. The opening section
in the centre of brick is the area where bio-composite materials
are to be placed at the same time to reduce individual’s brick
weight. The brick was casted in halved for easy handling with
average weight of 1.85 kg. The contaminated pavement runoff
will be filtrated by the sandwiched bio-composite materials
before entering the water bodies. A single brick is design to have
200 m x 75 mm x 80 mm (length x width x thick) with 30 mm x
30 mm x 80mm (length x width x thick) opening in the middle.

A 2.0 m long and 1.0 m wide Rainfall Simulator System
(RSS) that is equipped with storage tank was used to simulate
rainfall. The storage tank was filled up with 100L pavement
runoff that was collected at parking area nearby UPM Hydraulic
Laboratory prior to the experiment. While columns of modular
brick were placed inside the catchment area. Figure 3 illustrates
the arrangement of modular brick and its opening where kenaf
and sugarcane husk were placed.

\ 1680mm i

S00mm

e

Figure 3: Plan View of Modular Brick in RSS Catchment Area

Altogether, about 82 bricks were placed in the RSS catchment
area. As mentioned earlier, the opening sections were filled with
the bio-composite materials; kenaf fibre and sugarcane husk as
shown in Figure 4. Half of the bricks’ height was filled with the
bio-composite. Based on the density of kenaf fiber and sugarcane
husk (Hazrol et al., 2023 and Sharzad et al., 2022), each brick
carries about 50 gram and 43 gram of kenaf and sugar cane husk
respectively.

The gaps between bricks were also filled with a bio-
composite medium. This is to ensure that all contaminated
pavement runoff is filtered. The pavement runoff was collected
during the monsoon season between November to January. The
amount of runoff collected from each rainfall event was tested
three times for its quality once been filtrated by Kenaf fibre.

Journal — The Institution of Engineers, Malaysia (Vol. 83, No. 2, December 2022)
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enafﬁber

Sugarcane husk

Figure 4: Openings and Gaps were filled up with
Bio-Composite Materials

Pump and a flow meter attached to the RSS to control the
discharge at 2.5L/m imitating the moderate rainfall intensity
at 26.5 mm/hr. The test was run immediately after the runoff
was stored into the storage tank to ensure the pavement
runoff properties remain unchanged. The duration for each
rain simulation was about 40 minutes until the storage tank is
emptied. Those procedures were repeated for Sugarcane husk.

The ability of kenaf fibre and sugarcane husk to lowered COD
level may lead to positive environmental where both bio-
composites were found effective in treating the chemical oxygen
demand (COD). Kenaf fibre and sugarcane husk record 75% and
58% COD reduction respectively. Comparing the results with
the Department of Environment quality index, the COD value
treated by kenaf fibre had improved from Class V to Class IV but
the one treated by sugarcane husk remained in Class V.

It is well known that lower BOD value indicates less
polluted or cleaner water. The BOD of untreated pavement
runoff was less than 20 mg/L. which can be considered nearly
contaminated. Introducing the bio-composite materials to
reduce the BOD seems like a good approach. From analysis, the
percentage of BOD removal rate by kenaf fibre and sugarcane
husk were around 20%. The filtered runoff was about 80% lesser
before being classified as contaminated and nearly to fall in
Class IV.

Once the pavement runoff run and infiltrated through the media, i 30
it was then collected at the outlet and tested for its quality. The ” L
treated pavement runoff filtrated by kenaf and sugarcane husk 12 250
were compared with untreated pavement runoff. o 10 200 %‘D
CE 150 g/
4.0 COMPARATIVE STUDY: 6 100 S
PERFORMANCE OF BIO-COMPOSITE 4 N\ s
MEDIA . m B .
Following Li, H et. al., (2017), a column experiment to study Untreated pavement  Sugarcane husk Kenaf fiber
pollutants form urban storm-runoff was conducted and the run(/)f | Filter znzdial I N
NBOD (mg/L) @ Total Suspended Solid (mg/L) BCOD (mg/L)

concentrations of total suspended solids (TSS) and chemical
oxygen demand (COD) were among the parameter observed in
the influent and effluent thus, in order to evaluate the performance
of bio-composite media used in treating the contaminated
pavement runoff, the effluent were tested for its turbidity, bio-
chemical oxygen demand (BOD), chemical oxygen demand
(COD) and total suspended solid (TSS).

The average readings on pavement runoff quality before
and after treated by bio-composite materials are as in Table 2.
The results obtained after the pavement runoff being treated
(effluent) by both bio-composite materials were compared with
the untreated pavement runoff referred as influent. Figure 5
summarized the results obtained.

From Table 2 above, pavement runoff that has been filtered
through both materials were improved. Most of the parameters
tested on the effluent gave better readings compared to the influent.

Figure 5: Comparison between Treated and
Untreated Pavement Runoff

Referring to Figure 5, it clearly shows that the readings of
COD, BOD and turbidity improved except for TSS. It is known
that TSS often related to turbidity. If the TSS is high, turbidity
is expected to increase proportionately. This is approved
by tests conducted where the turbidity increased when TSS
increased as in Table 2. The ratio between turbidity to TSS of
untreated pavement runoff was 1.73 while 1.17 and 1.52 were
the ratio obtained for the pavement runoff filtered by kenaf and
sugarcane husk respectively. From the turbidity test conducted,
kenaf and sugarcane filtered and reduced the percentage of
turbidity. Around 28% and 14% turbidity in pavement runoff
were reduced by kenaf fibre and sugarcane husk respectively.

Table 2: Pavement Runoff Quality

Treated with Bio-Composite Materials
Parameter Untreated Pavement Sandwiched in Modular Block System DOE Water Index
Runoff Class IV
Kenaf Fibre Sugarcane Husk
COD (mg/L) 293.33 74.67 122.67 50-100
BOD (mg/L) 16.8 12.2 13.2 6-12
Total Suspended
Solid (mg/L) 1.72 1.84 1.68 150-300
Turbidity (NTU) 2.98 2.16 2.55
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A significance improvement in water quality between 20% to
75% were observed. Overall, the turbidity improved from 2.98
NTU to 2.16 NTU and 2.55NTU, turbidity compared to TSS in
pavement runoff that was filtered by kenaf was better. Higher
turbidity at minimum TSS observed in sugarcane husk could
be due to its texture that dusty. Hence, it is agreed that the bio-
composite materials used were able to treat the turbidity.

Referring to Figure 6, both bio-composite materials were
capable and performing well in filtering and improving the
quality of pavement runoff except for the total suspended solid.
The only parameter seems unable to be directly improved the
pavement runoff was total suspended solid (TSS). Sugarcane
husk recorded 2% improvement of TSS however the kenaf fibre
found to be downgrading the quality on pavement runoff in the
beginning. Although TSS is worsened, the turbidity improved
much. In detail comparison between two types of bio-
composite materials used in this study, kenaf fibre was found
better in treating the pavement runoff where three out of four
parameters tested improved the water quality immediately. The
percentage of removal in Figure 6 is supported by several studies
on the performance of additive materials particularly the kenaf
and coconut husk in treating the polluted water. (S. Nimesha
et. al., 2021, U.O. Benjamin, at. al., 2021, Dilaeliyana et. al.,
2022). Studies revealed the percentage of removal efficiencies
using kenaf and coconut husk ranges from 43 to 90% and 66-
69% respectively.

100

@ Kenaf fiber

80

60

40

20

Quality improved (%)

BOD (mg/L) Total Suspended  Turbidity (NTU) COD (mg/L)
-20 solid (mg/L)
Parameter

Figure 6: Percentage of Improvement

5.0 CONCLUSION

Results and analysis conducted show that the kenaf fibre and
sugarcane husk that sandwiched in the brick opening area were
efficient and can be used in preliminary stage of in treating the
pavement runoff. From laboratory work conducted, the quality
of contaminated pavement runoff filtrated by the sandwiched
bio-composite materials were improved before released into the
water bodies. It can be concluded that the research objectives
have been achieved where the proposed bio-composite material
sandwiched in the designed brick were able to enhance the
pavement runoff quality. A better brick and bio-composite
arrangement are expected to improve the pavement runoff
quality which can escalate the water quality from Class V to IV.
Between two types of bio-composite materials proposed, kenaf
fibre performed better in all aspects and has potential in treating
pavement runoff.

Since the pollutants in pavement runoff are closely related
to rainfall volume, rainfall intensity, traffic condition and other
factors (Dos Santos et al. 2019; Du et al. 2019) thus, there is still
room for improvement. It is suggested that this research to be
extended with the used of different types of brick surfaces as the
pavement runoff quality also influenced by the chemical reaction
between brick surfaces and contaminant transported.
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ABSTRACT

Apart from the long-term changes in the climate patterns, the extreme weather conditions (heat waves, heavy precipitation,
and droughts) have also emerged as a prominent consequence of the global climate change. Pakistan being listed among
the most susceptible nations to the changing climate patterns has witnessed an increasing trend of extreme precipitation
(particularly during monsoon). Therefore, this study was conducted to probe the major meteorological causes of extreme
monsoon precipitation in Pakistan, with a special focus on the monsoon 2022, that lead to severe flooding and devastation of
infrastructure, agriculture, and loss of lives. The methodology included an in-depth analysis of unusual atmospheric conditions
that triggered exceptionally high precipitation. For this purpose, a number of 25 stations across the country lying in the
southwest monsoon zone were selected.

The analysis revealed that in April 2022, about 1.2 to 6.0 °C above normal temperature was observed in Balochistan, 2.0 to
4.5 °C in Sindh, and 3.0 to 5.8 °C in Punjab and KPK. Similarly, in May, about 1.0 to 3.5 °C above normal temperature was
observed in Sindh and Balochistan, and 1.0 to 3.0 °C in Punjab and KPK. Due to this exceptional warming, an intense trough
developed over the area. In April, about 0.5 to 2.5 mb below normal air pressure was observed in Sindh and Balochistan,
and 1.5 to 2.2 mb in Punjab. In May, about 1.0 to 3.0 mb below normal air pressure was observed over the study area. For
precipitation, the analysis unearthed that in July 2022, about 100 to 300 mm above normal monthly rainfall was received
in Sindh, 50 to 200 mm in Punjab and Balochistan, and 5 to 30 mm in KPK. In August, about 100 to 500 mm above normal
rainfall was received in Sindh, and 50 to 250 mm in KPK and Balochistan. However, in September, about 15 to 75 mm above
normal rainfall was received in Punjab, while the remaining stations showed a negative departure. Conclusively, the unusual
pre-monsoon heating resulted in an intense depression over the plains that facilitated the excess moisture penetration from
the Indian Ocean, and consequentially extreme precipitation in Pakistan in 2022. The study outcomes are expected to help in
devising an effective climate change adaptation and mitigation strategy for the country and to conduct further research on the
prediction and analysis of extreme weather conditions under the changing climate patterns.

Keywords: Climate Change, Extreme Precipitation, SDG13, Southwest Monsoon, Temperature

1.0 INTRODUCTION

The occurrence of extreme precipitation events has gained
much momentum around the world during the past decades as
a consequence of the changing global climate patterns. Climate
change generally refers to the long-term changes in the normal
weather patterns of an area [1, 2]. These long-term changes are
mainly caused due to the anthropogenic activities including land
cover alterations and sprawling urbanization, declining forest
cover, and emission of toxic greenhouse gases into the air which
destabilizes the global heat balance (a balance between the
incoming shortwave and the outgoing longwave solar radiation)
by trapping the outgoing solar radiation [3]. This trapping of the

outgoing heat leads to the warming earth temperature, which
consequently results in the changing atmospheric and land
surface conditions [4, 5]. Among all weather parameters, air
temperature is generally considered to be the most influential on
the overall climate pattern of an area, as it significantly impacts
(accelerates) the hydrological cycle by expediting the movement
of water vapors from land to atmosphere (via increased
evapotranspiration), and also influences the other components
of weather system including the air pressure gradient and wind
circulation, evaporating potential of atmosphere, air moisture
availability, cloud cover, and the precipitation characteristics [6].
During the last century, the mean global air temperature has
increased by about 0.74 °C [7, 8], whereas regionally, the mean
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temperature over South Asia rose by about 0.75 °C [9]. Due to the
rising earth temperature and changing wind circulation and other
atmospheric variables, the precipitation patterns have undergone
significant variations around the world. For instance, during the
last century, the mean global land surface precipitation increased
at the rate of about 0.04 inch/decade [10, 11]. However, due to
the highly variable nature of precipitation, and due to its high
sensitivity towards the spatial features of an area, some regions
of the world also witnessed a declining precipitation. For
example, Alahacoon et al. (2020) used the Mann-Kendall test
to investigate the rainfall trends in the African continent, and
found a declining precipitation pattern in Mozambique, sub-
tropical northern desert, west coast river basin of South Africa,
and the northern African region, at the rate of about 0.437,0.80,
0.360, and 1.07 mm/year respectively [12]. Merabtene et al.
(2016) studied the rainfall patterns in Sharjah (UAE), and found
anegative trend of annual rainfall at the rate of about 3 to 9.4 mm
per decade [13]. A similar nature of trend was found in a study
conducted by Almazroui (2020) in the Kingdom of Saudi Arabia
(KSA), according to which the annual mean rainfall declined at
the rate of about 5.89 mm/decade during the last four decades
over the country [14].

Apart from the long-term changes in the precipitation
patterns (form, amount, seasonality, and its spatial coverage),
climate change has also impacted the intensity and extremity
of precipitation around the globe. A high intensity precipitation
generally refers to the large amount of precipitation received
over an area in a short period of time [15]. During the past
decades, the frequency of occurrence of high intensity extreme
rainfall events has increased globally, mainly due to the warming
air temperatures, as the warm air can hold more water vapors
in it as compared to the cold air, and the availability of water
vapors serves as the key ingredient for heavy rainfall [16].
According to the Center for Climate and Energy Solution, for
each degree centigrade rise in air temperature, the air water
holding capacity can increase by about 7% on average globally
[17]. Thus, the warm areas are more prone to the intense storm
events as compared to the cold areas [18]. Another atmospheric
parameter which significantly influences the wind circulation
and the precipitation characteristics is the air pressure, which
strongly depends on the air and land surface temperatures and
the geographical location of an area. Due to the differential solar
heating of the earth surface, a noticeable latitudinal variation in
the air pressure exists around the globe known as the Pressure
belts, which facilitate the global wind circulation [19]. In
general, winds follow a pressure gradient, and are blown from
a high pressure area to a low pressure area, with greater the
pressure gradient, the more will be the wind velocity [20]. These
High and Low Pressure Systems (HPS and LPS respectively) are
mainly characterized on the basis of air temperature and wind
circulation. Warm areas generally result in the formation of LPS
(also known as Depression or Cyclone), characterized by high
wind convergence towards its center, higher cloud cover due to
the rising moist air and condensation, and heavy precipitation
due to sufficient availability of moisture and convergence of
air masses [21]. Moreover, in warm areas, winds blow spirally
in the counter-clockwise direction in the Northern Hemisphere
and clockwise in the Southern Hemisphere due to the Coriolis
Effect [22]. On the other hand, cold areas generally result in
HPS (also known as Anticyclones), characterized by fair weather
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and moderate winds blowing spirally outward in a clockwise
direction (Northern Hemisphere), low cloud cover, and less
precipitation [23]. A weather condition which is formed due
to the intense heating of land surface is known as the Thermal
low, Heat low or the Trough. Around the world, the strongest
thermal lows are developed over the Sahara, Australian Great
Western Deserts, Arabian Kalahari, and Sonoran Deserts due to
the intense surface heating [23]. It is important to note that lower
the air pressure, the higher the warm air containing moisture will
rise into the atmosphere and form clouds after condensation of
water vapors in air, with the greater probability of intense storm
events [24, 25].

During the recent past decades, a number of intense rainfall
events have been observed over the different parts of world, as
a consequence of warming temperatures and changing global air
circulation patterns. For example, in summer 2020, the Baixada
Santista metropolitan region in the Sao Paulo state of Brazil
received about 320 mm of rainfall in a single day, breaking the
country’s previous highest 24-hr rainfall record [23]. Similarly,
in 2022, Taiwan received the third highest winter rainfall in the
country’s history during January to February. As per Huang et al.
(2022), Taiwan normally receive its winter rainfall from the
precipitation system originating in the northern South China Sea
without frontal structure. However, in the year 2022, contrary
to the normal rainfall pattern, the winter monsoon induced
orographic rainfall penetrated the country along with the frontal
rainfall, thereby bringing about 130% higher rainfall than the
normal. The occurrence of this extreme storm event was also
linked to the enhanced winter background circulation, which
included an enhancement of the regional northeasterly wind at
925 hPain conjunction with the enhancement of the southwesterly
wind conveying moisture at 700 hPa, due to which a vigorous
convection zone extending from the southeastern Bay of Bengal
to Taiwan was censured for the extreme rainfall in January to
February 2022 [26]. A similar 24-hour extreme rainfall event
was witnessed in Auckland (New Zealand) on 14th January
2023, when the city received about 258 mm of rainfall, making
it the wettest day in the city on record with the total rainfall of
about 539 mm was received in January over the city [27].

The word “Monsoon” generally refers to the seasonal change
in the prevailing wind pattern due to the temporal latitudinal
shifting of the Intertropical Convergence Zone (ITCZ) between
its extreme limits as the Tropic of Cancer (23.5 °N) and Tropic
of Capricorn (23.5 °S) in the northern and southern hemispheres
respectively [28]. Globally, the major monsoon systems include
the African monsoon, Asian monsoon, North American
monsoon, Australian monsoon, and the European monsoon
[29]. The Asian monsoon has two branches as the South Asian
monsoon and the East Asian monsoon [30]. The South Asian
monsoon covers the Indian sub-continent and the surrounding
regions including Nepal, Myanmar, and Bangladesh, whereas
the East Asian monsoon covers southern China, Korea, Taiwan,
and Japan [31]. Based on the seasonal wind pattern, the South
Asian monsoon is further divided into two categories as the
Southwest Summer monsoon (advancing monsoon) and the
Northeast Winter monsoon (retreating monsoon) [32]. Pakistan
receive its summer precipitation from the southwest summer
monsoon during July to September, which contributes about
60% to the country’s annual total precipitation, and holds
a significant importance in terms of the replenishment of
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streamflows and groundwater resources, and favoring the Kharif
crop production [33].

The major factors which govern the mechanism of the
southwest summer monsoon system include the differential
heating of the land mass in the Indian sub-continent and the
Indian Ocean, development of a high pressure system over the
Indian Ocean, seasonal latitudinal shifting of ITCZ at the Tropic
of Cancer, formation of Tibetan trough, Sub-Tropical Westerly
Jet Streams (STWJ) and the Tropical Easterly Jet streams (TEJ),
and El-Nino Southern Oscillation (ENSO) [33, 34]. In South
Asia, the southwest summer monsoon system generally initiates
with the differential heating and the development of air pressure
gradient between the Indian Ocean and the land masses in India
and Pakistan. With the onset of summer season in the northern
hemisphere, the Thar desert and the nearby warm arid and hyper
arid plains in India and Pakistan warms up more quickly as
compared to the Indian Ocean, due to the fact that the rate of
heat absorbance of soil surface is higher than that of water. Due
to this differential heating, a high pressure system called as the
Mascarene high is developed over the Indian Ocean (between
the latitudes 30 to 35 °S and between the longitudes 40 to 90 °E)
along the eastern coast of Madagascar, while a low pressure
system is developed over the landmasses due to the higher
surface heating. This air pressure gradient created between the
plains and Indian Ocean results in a strong moist wind system
originating from the Indian Ocean (Madagascar region), that
starts to march towards the equator in the northwest direction,
and after crossing the equator, the wind system is diverted, and it
blows from the southwest direction towards the southern Indian
peninsula, where due to its topography, the southwest monsoon
system is divided into its two branches as the Arabian sea and
Bay of Bengal in the Indian Ocean [35, 36].

Due to the seasonal latitudinal shifting of ITCZ at the
Tropic of Cancer during summers in the northern hemisphere,
an intense heating takes place over the Tibetan plateau, which
results in the formation of LPS over the area, known as the
Tibetan trough. This LPS also plays an important role in pulling
the moist monsoon winds from the Arabian Sea and Bay of
Bengal towards the land areas of India and Pakistan. In addition,
the latitudinal shifting of ITCZ and heating of Tibetan plateau
also impacts the pattern of jet streams in the region. For instance,
the sub-tropical westerly jet streams normally travel in the upper
troposphere from west to east, closer to 30 °N along the southern
edge of Himalayan range all over the year. However, with the
onset of summer season and shifting of ITCZ in the northern
hemisphere, STWI is displaced towards the northern Himalaya.
The Himalayan belt also impacts the incoming moist monsoon
winds from the Bay of Bengal by acting as a physical barrier
and preventing the monsoon incursion into the Central Asia.
Due to the seasonal heating of Tibetan plateau and formation
of Tibetan trough, the warm air over the area rises up and cools
as it reaches the upper troposphere, resulting in the formation
of a high pressure system (approximately 200 hpa) over the
altitude, which weakens the blowing STWIJ over the northern
Himalaya and results in the formation of Tropical Easterly Jet
streams (TEJ) on the southern side of the high pressure system.
This TEJ then moves westward over the Indian Ocean towards
the eastern Africa and descends into the Mascarene high, thereby
strengthening the high pressure cells of the Madagascar high
pressure system. It is important to note that the intensity and

location of Mascarene high significantly impact the strength
of monsoon rainfall system in India and Pakistan [37, 38]. The
monsoon precipitation typically begins from Ist June in India,
and then the rainy system enters Pakistan on the first week of
July. In Pakistan, the southwest monsoon system penetrates
the country via its two branches, i.e. the Arabian Sea and the
Bay of Bengal. The monsoon rainfalls in Pakistan generally
starts with the moisture carrying wind system coming from
the Bay of Bengal, which enters the country from the eastern
and northeastern side, and results in generous rainfall over the
northern areas, northern and central Punjab, and Kashmir. The
other branch of southwest Monsoon i.e. the southwesterly moist
winds from the Arabian sea then enters Pakistan, and brings
good amount of rainfall over the southeastern parts of country
including Sindh and Balochistan [39].

As discussed earlier, the El-Nino Southern Oscillation
(ENSO) also influences the South Asian Monsoon [40]. For
instance, the EI-Nino which is the warmer phase of the El-Nino
Southern Oscillation (ENSO) and generally takes place due to
the unusual warming of sea surface temperature of the eastern
Pacific Ocean along the South American coast, adversely affects
the monsoon precipitation in Pakistan and India by causing
drought conditions. This is due to the fact that during El-Nino,
the air moisture from the Mascarene high is diverted towards
the eastern Pacific Ocean due to the formation of an intense low
air pressure condition over the eastern pacific along the coast
of South America [41]. In Pakistan, the history’s worst drought
during 1998 to 2001 was mainly attributed to EI-Nino. In contrast
to EI-Nino, La-Nina, which is the cooler phase of ENSO, brings
above normal Monsoon precipitation. For example, the 2010
extreme Monsoon rainfalls in Pakistan was mainly linked to the
occurrence of La-Nina [42, 43].

1.1 Literature Review

Synchronously to the changing global climate patterns, the weather
patterns in Pakistan have also undergone significant variations
over the years. For instance, the mean annual temperature of
Pakistan increased by about 0.64 °C during the period 1900-
2009, at the rate of about 0.064 °C per decade [44]. Interestingly,
the rate of warming was higher during the latter part of century
as compared to the earlier years over the country, which was
reported in a study conducted by the Asian Development Bank,
according to which the mean annual temperature of Pakistan
increased at the rate of about 0.07 °C per decade during 1960-
2021, with the magnitude of change as 0.47 °C during the period.
Seasonally, the warming trends in Pakistan have been found to
be more inclined towards the spring, post-monsoon, and the
winter months, as compared to the summer season [45, 46]. Due
to the warming air temperatures, and the consequential changes
in the air moisture conditions and wind patterns, the frequency of
short duration extreme rainfall events has significantly increased
in the country during the past decades, as shown in the Figure 1.
For example, on 23rd July 2001, about 621 mm of rainfall was
received in Islamabad in 10 hours, thereby causing severe urban
flooding in the city. Similarly, on 18th July 2009, about 207 mm
of rainfall was received in Karachi, making it one of the highest
one-day rainfall recorded in the city [47]. On 19th August 2022,
Padidan received the record breaking 355 mm of rainfall due
to the formation of intense low air pressure conditions over the
northern belt of Sindh province (PMD Annual Climate Report,
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2022). The details of some of the 24-hour extreme rainfall events
that took place over the country during the past 30 years are
shown in Table 1.

N
[\

o]

Number of 24-hr Extreme
Rainfall Events
=) ~

N

2
1970

1980 1990

Year

2000 2010 2020

Figure 1: Frequency of Occurrence of Extreme Rainfall Events in
Pakistan with Rainfall Above 200mm Received in 24 Hours

Source: Pakistan Meteorological Department (PMD)

The above statistics clearly indicate that the occurrence of
extreme rainfall events has significantly increased in Pakistan,
especially during the monsoon season. For instance, in 2003,
Sindh received above normal monsoon precipitation, which
resulted in severe flooding in the province. During the two-day
rainfall spell, 284.5 mm of rainfall was received in Karachi, and
404 mm in Thatta. In 2007, Khyber Pakhtunkhwa (KPK), Sindh,
and the coastal belt of Balochistan was severely affected due to
the extreme monsoon rainfall. In 2009, Karachi received 147 mm
of rainfall during 17th to 19th July, which resulted in severe urban
flooding in the city. In 2010, Pakistan faced the worst flood in its
history due to the occurrence of extreme monsoon precipitation
(80% above normal) over the country that inundated about 20%
of its land area [43]. The post event analysis by PMD revealed
that the above normal rainfall was mainly caused due to La-
Nina. The other contributing factors included the unusual change
in the position of monsoon depression formed over the Bay of
Bengal, that moved towards the northeastern side in Balochistan
and caused a large amount of moisture incursion from the Bay of
Bengal and Arabian sea, and then its convergence over Khyber
Pakhtunkhwa due to the orographic effect, thereby causing
extreme precipitation over the area. The spatial features of the
flood-hit areas also played a significant role in the convergence
and lifting of water vapors. In this context, near to the middle
troposphere, the cold air advection from 500 mb occurred
over the Pakistan’s latitudes, and the lower elevated warm and
moist air was overtaken by the cold air mass which created an
intense cellular vertical circulation. This resulted in a continuous
incursion of moisture from both branches of southwest
monsoon. Moreover, the presence and stagnancy of STWJ
over the northern Pakistan was another factor which played a
significant role in the incursion and movement of water vapors
over the higher latitudes of country, which resulted in extreme
precipitation. As per PMD, during 27th July 2010 to 30th July
2010, 415 mm of rainfall was received in Risalpur, 394 mm in
Islamabad, 373 mm in Murree, 372 mm in Cherat, 333 mm in
Peshawar, 292 mm in Muzaffarabad, 256 mm in Balakot, 222
mm in Gujranwala, 220 mm in Dera Ismail Khan, and 219 mm
was received in Rawalpindi. Comparatively, the monthly rainfall
in July 2010 was 80% above normal, while in August, 102%
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Table 1: Details of 24-Hour Extreme Rainfall Events in
Pakistan During the Last 30 Years

Source: Pakistan Meteorological Department (PMD)

Date Station R(i::::lff;“
10th September 1992 | Muzaffarabad 208
27th August 1997 Islamabad 200
27th August 1997 Murree 233.8
24th July 2001 Islamabad 200
23rd July 2001 Rawalpindi 335
7th July 2003 Larkana 209
29th July 2007 Sargodha 205
13th August 2008 Lahore 221
18th July 2009 Karachi 205
29th July 2010 Risalpur 280
29th July 2010 Peshawar 274
30th July 2010 Islamabad 257
29th July 2010 Cherat 257
29th July 2010 Kohat 233
30th July 2010 Murree 231
6th June 2010 Gwadar 227
4th August 2010 Dera Ismail Khan 202
11th August 2011 Tando Ghulam Ali 350
7th September 2011 | Diplo 312
10th August 2011 Mithi 291
26th August 2011 Kohat 240
31st August 2011 Padidan 238
7th September 2011 | Mithi 225
11th August 2011 Tando Muhammad Khan 200
11th August 2011 Tando Ghulam Haider 200
10th September 2012 | Jacobabad 305
5th September 2014 | Lahore 300
5th September 2014 | Jhelum 296
5th September 2014 | Islamabad 297
5th September 2014 | Mangla 251
5th September 2014 | Sialkot 251
2nd September 2020 | Bahawalnagar 240
28th August 2020 Karachi 231
19th August 2022 Padidan 355
25th August 2022 Shaheed Benazirabad 123
22nd August 2022 Larkana 157.3
6th July 2022 Gwadar 58
27th July 2022 Ormara 62
22nd July 2022 Rahim Yar Khan 58

above normal rainfall was received in the country. The intense
rainfall induced floods caused approximately $43 billion loss
to the national economy, 1700 loss of lives, and damage to about
$500 million worth of crops [48].

In 2011, the situation was different as the extreme monsoon
precipitation was mainly concentrated in Sindh, unlike in
2010 that affected KPK and Punjab. In July 2011, Pakistan as a
whole received below normal rainfall. However, in August and
September, the country received more than average rainfall [49].
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As per PMD, a strong weather system was formed over Uttar
Pradesh in India on 6th August 2011, which then moved in
the westward direction. The first healthy spell of summer
monsoon began lately in the country from 9th August as a
result of deviation of monsoon depression from its usual route.
Normally, the southwest monsoon system enters Pakistan from
the northeast, and rainfall begins with the generous showers in
central and northern Punjab with till mid of August, with most
parts of country are covered by the monsoon precipitation. In
2011, contrarily to the normal pattern, the location of monsoon
depression remained southwest in India and a high pressure
system was developed over the Bay of Bengal that moved in
the southwest direction, instead of its usual northwestern route,
thereby entering Pakistan from Rajasthan to Sindh. As discussed
earlier, a high pressure system is characterized as having light
winds and air subsidence. The Tibetan high (generally located
above 30°N during monsoon) restricts the incursion of monsoon
winds, and the monsoon activities normally take place below
its ridge. However, in 2011, the Tibetan high moved unusually
downward at about 26 °N due to which the air moisture could
not traveled in the upper parts of country and was therefore
restricted only to the lower parts. Secondly, the intense surface
heating in Balochistan during the summer season results in
seasonal LPS over the area with the normal pressure of about
1000 hpa prevails in the province during the season. However,
on 9th August, the air pressure was 4 hpa less than its normal
value due to the exceptionally high air temperatures recorded
over the province, thereby pulling excess moisture from the
monsoon system present at the eastern boundary of Sindh. On
10th August, the trough formed over the arid plains in Sindh
facilitated the incursion of excess moisture from the Arabian
Sea and resulted in monsoon extreme precipitation [50]. As per
PMD, during the first two weeks of September, about 760 mm of
rainfall was received in Mithi, 603 mm in Mirpur Khas, 353 mm
in Nawabshah, 348 mm in Dadu, 268 mm in Dadu, 244 mm in
Hyderabad, and 212 mm was received in Karachi (PMD Annual
Climate Report, 2011).

In 2012, due to the unusual heating of the Indian Ocean, a
depression was formed over the Bay of Bengal in the last week
of August that moved towards Sindh and resulted in extreme
monsoon precipitation over the province. As per PMD, during
the intense rainfall spell from 5th to 11th September, 481 mm
was received in Jacobabad, 216 mm in Larkana, 206 mm in
Sukkur, and 205 mm in Rohri (PMD Annual Climate Report,
2012). In 2013, normal to slightly above normal monsoon
precipitation was received in Pakistan as a whole, except the
Sindh province (21% below normal). In July, 31% below normal
rainfall was received in Pakistan, with the highest withdrawal
in Sindh (-84%), followed by Balochistan (-57%), KPK (-11%),
Punjab (-9%), and Azad Jammu & Kashmir (-7%). However,
in August, Pakistan as a whole received 59% above average
rainfall, with Balochistan (+144%), Gilgit-Baltistan (+108%),
Sindh (+50%), KPK (+40%), and Azad Jammu & Kashmir
(+24%). In September, the monsoon system was weak, and the
country received 24% less rainfall than usual (PMD Annual
Climate Report, 2013).

In 2014, unusual drought conditions prevailed during the
first two months of monsoon in Pakistan, where in July, Pakistan
received 39% below normal rainfall, with the highest deficit
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was found in Sindh (-97%), followed by Balochistan (-42%),
and Azad Jammu & Kashmir (-24%). Similarly, in August, the
drought conditions sustained, and the country received 49%
below normal rainfall. However, in September, due to the
unusual heating over the northern areas, a trough was formed
over Kashmir, which then moved eastward towards the northern
Pakistan. This depression played a key role in pulling the moisture
from Indian Ocean towards the northern areas, that resulted in
torrential rainfalls over Azad Kashmir (+181%), Gilgit-Baltistan
(+531%), and Punjab (+225%), while below average rainfall was
observed in Sindh (-12%) and Balochistan (-12%). As per PMD,
during the four-day rainfall spell from 1st to 5th September, 557
mm of rainfall was received in Lahore, 523 mm in Sialkot, 345
mm in Rawalpindi, 345 mm in Mangla, 298 mm in Islamabad,
228 mm in Faisalabad, and 220 mm of rainfall was received in
Jhelum (PMD Annual Climate Report, 2014).

In 2015, Pakistan as a whole received 27% above normal
monsoon rainfall, with the highest departure was observed in
Gilgit-Baltistan (+116%). In July, Pakistan as a whole received
40% above normal rainfall, with Gilgit-Baltistan (+95%), KPK
(+19%), Punjab (+69%), and Sindh (+78%), while a deficit
(-22%) was observed in Balochistan. Contrarily, in August,
Pakistan received 8% below normal rainfall, with the highest
withdrawal was found in Sindh (-96%), followed by Balochistan
(-62%),and Azad Jammu and Kashmir (-37%), while Punjab and
KPK received 20 % and 54 % above normal rainfall respectively.
In September, Pakistan as a whole received 41% above average
rainfall, with the highest departure in Gilgit-Baltistan (+316%),
followed by Punjab (+71%), Sindh (+29%), and Azad Jammu
& Kashmir (+28%), while below normal rainfall was observed
in Balochistan (-30%) (PMD Annual Climate Report, 2015).
In 2016, Pakistan as a whole received 25% above normal
monsoon rainfall, with the highest departure was observed in
Punjab (+55%). In July, Pakistan received slightly less than
normal rainfall (-14%), with the highest withdrawal was found
in Balochistan (-41%), followed by Azad Jammu and Kashmir
(-15%). However, in August, 76% above normal rainfall
was received in Pakistan, with the highest departure in Sindh
(+149%), followed by Punjab (+107%), KPK (+56%), Gilgit-
Baltistan (+23%), and Balochistan (+6%). In September,
slightly above normal rainfall was received in Pakistan as a
whole (+7%), with Gilgit-Baltistan (+44%), KPK (+32.4%),
Punjab (+39%), while in Sindh, 92% below normal rainfall was
received (PMD Annual Climate Report, 2016). In 2017, drought
conditions prevailed during the monsoon, where Pakistan as a
whole received 22% below normal rainfall. In July, Pakistan
received 20% below normal rainfall, except Sindh, where close
to normal rainfall was received. In August and September, the
similar pattern was sustained, and the country received 28% and
19% below normal rainfall respectively (PMD Annual Climate
Report, 2017). In 2018, similar drought conditions were noticed
during monsoon, where Pakistan as a whole recorded 31% below
normal rainfall, with the highest deficit was observed in Sindh
and Balochistan. In July, Pakistan as a whole received 12%
below average rainfall, while provincially, above normal rainfall
was received in Punjab, KPK, and Gilgit-Baltistan. In August
and September, the similar pattern prevailed, and the country
received 51% and 35% below average rainfall respectively
(PMD Annual Climate Report, 2018).
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In 2019, Pakistan as a whole received near to normal monsoon
rainfall, with the above normal monsoon precipitation was
mainly focused on the Sindh province (+46%). In July, Pakistan
as a whole received 8% below normal rainfall, with the highest
deficit was observed in Gilgit-Baltistan (-59%), followed by Azad
Jammu & Kashmir (-24%), Balochistan (-19%), KPK (-11%), and
Punjab (-9%), while Sindh received 24% above normal rainfall.
In August, 52% above average rainfall was received in Sindh and
35% above normal in Gilgit-Baltistan, while the remaining parts of
country recorded below normal rainfall. In September, Pakistan as
a whole received 15% above normal rainfall, with Sindh (+99%),
Balochistan (+48%), and Punjab (+28%), while a negative
departure was found in Gilgit-Baltistan (-75%), KPK (-49%), and
Azad Jammu & Kashmir (-23%) (PMD Annual Climate Report,
2019). In 2020, Pakistan received 41% above normal monsoon
rainfall, making it the 4th wettest year since 1960, with the extreme
precipitation was mainly centered in Sindh and Balochistan during
the early monsoon. Apart from precipitation, the temperature
patterns were also extreme during the year. In 2020, Pakistan
recorded 0.22 °C higher mean annual temperature than normal. In
August, the country observed 0.76 °C above normal temperature,
with Sindh observed 1.1 to 2.2 °C, and Balochistan observed 0.1
to 1.9 °C above normal temperature. Similarly, in September,
Pakistan recorded 0.29 °C above normal temperature, with Sindh
observed 0.8 to 2.3 °C, and Balochistan observed 0.7 to 1.9 °C
above average temperatures. These unusual high temperatures
resulted in intense depression over the arid plains of Sindh and
Balochistan, thereby maintaining an active intrusion of moisture
from the Indian Ocean, which resulted in extreme precipitation
over the country. In July, Pakistan as a whole received 34%
below normal rainfall. However, in August, the monsoon gained
strength, and the country as a whole received 108% above
normal rainfall, with Sindh (+363%), Balochistan (+271%),
Punjab (+14%), KPK (+9%), and Gilgit-Baltistan (+20%).
In September, the rainy season shifted northwards, with the
highest departure was observed in Punjab (+139%), followed by
KPK (+120%), Gilgit-Baltistan (+113%), Sindh (+87%), Azad
Jammu & Kashmir (+24%), while a significant deficit was noted
in Balochistan (-96%) (PMD Annual Climate Report, 2020).

In 2021, the intrusion of monsoon system in Pakistan was
delayed by 5 days from its usual date (30th June), with 19%
above average monsoon rainfall was received in Gilgit-Baltistan,
while Pakistan as a whole received 9% below normal rainfall.
In July, Pakistan received 4% above normal rainfall, with the
highest departure in Gilgit-Baltistan (+86%), followed by KPK
(+28%), and Balochistan (+22%), while a significant deficit
was observed in Sindh (-47%). In August, Pakistan as a whole
received 89% below normal rainfall, with the highest deficit
was observed in Sindh (-89%), followed by Punjab (-67%),
Azad Jammu & Kashmir (-63%), Balochistan (-54%), and KPK
(-39%). Contrarily, in September, Pakistan as a whole received
60% above normal rainfall, with the highest departure in Sindh
(+234%), followed by Balochistan (+64%), Punjab (+44%), and
Azad Jammu & Kashmir (+18%), while below normal rainfall
was observed in Gilgit-Baltistan (-19%) and KPK (-1%) (PMD
Annual Climate Report, 2021).

In 2022, Pakistan witnessed one of the worst floods in its
history due to the exceptionally high monsoon rainfall, and the
expeditious melting of glaciers and snow mass over its northern
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areas due to the unusual high temperatures. On the annual scale,
Pakistan observed 0.84 °C above normal temperature, with the
mean maximum temperature was 0.95 °C, and the mean minimum
temperature was 1.29 °C above normal. Spatially, the mean
annual temperature anomaly was highest over KPK (+1.14 °C),
followed by Azad Jammu and Kashmir (1.04 °C), and Gilgit-
Baltistan (+0.14 °C). As per PMD, 16 Glacier Lake Outburst
Flood (GLOF) events took place in KPK and Gilgit-Baltistan in
2022, as compared to the usual 5 to 6 GLOF events every year.
Due to the warm temperatures and intense tough over the plains,
rainfall amount and intensity also deviated significantly from its
normal pattern. In 2022, Pakistan received 175% above normal
monsoon precipitation, with the rainy system was most
intense in Balochistan (+450%) and Sindh (+426%), as shown
in the Figure 2. In July, Pakistan as a whole received 181%
above normal rainfall with the highest departure in Balochistan
(+450%), followed by Sindh (+307%), Punjab (+116%), KPK
(+30%), and Gilgit-Baltistan (+32%), as shown in the Figure 3.In
August, the situation was more severe with 243% above average
rainfall was received in the country. Spatially, the departure was
highest in Sindh (+726%), followed by Balochistan (+590%),
Gilgit-Baltistan (+233%), KPK (+58%) and Punjab (+52%), as
shown in the Figure 4. During the heavy rainfall spell from 1st
July to 26th August, the Padidan station in Sindh received the
record high 1764 mm of rainfall due to the consistent trough over
Sindh. In September, due to the beginning of monsoon retreating
from the country, Pakistan received 21% below normal rainfall,
with the highest deficit in Balochistan (-59%), followed by
Punjab (-21%), Gilgit-Baltistan (-19%), and KPK (-16%) as
shown in the Figure 5 (PMD Annual Climate Report, 2022).

Figure 2: Pakistan Spatial Distribution of 2022 Annual Precipitation
and Departure from Normal

Source: PMD Annual Climate Report, 2022
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Figure 3: Pakistan Spatial Distribution of July 2022 Precipitation
and Departure from Normal

Source: PMD Annual Climate Report, 2022
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Figure 4: Pakistan Spatial Distribution of August 2022 Precipitation
and Departure from Normal

Source: PMD Annual Climate Report, 2022
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Figure 5: Pakistan Spatial Distribution of September 2022
Precipitation and Departure from Normal

Source: PMD Annual Climate Report, 2022

The above literature review clearly showed that the extremity
in monsoon precipitation in Pakistan is gaining momentum
as a consequence of the changing climate patterns, which
necessitates to investigate the major atmospheric factors behind
the occurrence of severe storm events in the country. Therefore,
this study was conducted to probe the major meteorological
causes behind the extreme monsoon precipitation in Pakistan in
2022. The methodology adopted to achieve the study outcomes
is shown in the Figure 6. The outcomes of this study are expected
to deeply understand the major factors that played a key role in
the occurrence of extreme monsoon precipitation in 2022, and
to devise an effective climate change adaptation and mitigation
strategy for the country.

2.0 DATA AND METHODOLOGY

2.1 Study Area

Pakistan spatially lies in the Temperate zone and partially in the
Sub-Tropics, between the latitudes 23 to 35 °N and between the
longitudes 60 to77 °E with a total area of about 796,096 km?, with
the political map of country shown in the Figure 7. Geographically,
Pakistan is divided into three main zones including the northern
highlands, the Indus river plain, and the Balochistan plateau [51].
The northern highlands consist of the Hindukush, Karakoram,
and the Pamir mountain ranges. The Balochistan plateau is located
in the west and the vast Thar Desert in the eastern part of country.
The 1609 km length of Indus River and its tributaries flow through
the country from Kashmir to the Arabian Sea, with an expanse
of alluvial plains along the river basin in Punjab and Sindh [52].

12

Literature Review on Extreme Monsoon Precipitation
Events in Pakistan during 1990-2022

<

Identification of Research Gap and Rationale for Study

Acquisition of Climate Data from Pakistan }

Meteorological Department

4

Analysis of Pre-Monsoon 2022 Weather Condition and
Anomalies with respect to Normal

4

Analysis of Monsoon 2022 Weather Condition and
Anomalies with respect to Normal

[ Results and Conclusion ]

Figure 6: Flow Chart Describing the Methodology Adopted
to Achieve the Study Objectives

Climatologically, Pakistan has a continental type of climate
with high climate variations over the year. The mean annual
precipitation of Pakistan is about 300 mm, with 141 mm comes
from the southwest summer monsoon, and 74 mm from the
winter precipitation. Seasonally, the weather patterns vary as
cool, dry winter from December to February, a hot spring from
March to May, followed by a rainy summer season due to the
intrusion of southwest monsoon moist winds into the country,
and the retreating monsoon period from October to November.
Depending on the location and season, Pakistan receives all
three kinds of precipitation including the convective, frontal, and
orographic precipitation [53]. During the pre-monsoon period,
localized convective rainfall is received occasionally which
normally contributes about 12% to the annual total rainfall of
country. During summer, Pakistan receives the major share of its
annual precipitation from the southwest monsoon during July to
September. The post-monsoon period in the country is relatively
dry, and acts as a transition period between the summer and
winter season. The scarce rainfall in autumn contributes about
4% to the annual precipitation of Pakistan. During the winter
season, Pakistan receives generous snowfall over the northern
and northwestern highlands, and liquid precipitation over the
northern and central Punjab, KPK, and Kashmir [47]. In this
study, a number of 25 climate stations across Pakistan lying
in the southwest monsoon zone were selected (as shown in
Figure 8). The geographical and climate details of the selected
stations are shown in the Table 2.

Journal — The Institution of Engineers, Malaysia (Vol. 83, No. 2, December 2022)



INVESTIGATION OF CAUSES AND CHARACTERISTICS OF
MONSOON EXTREMES IN PAKISTAN: A CASE STUDY FOR SUMMER MONSOON 2022

o)
=8
)

PAKISTAN

POLITICAL

Figure 7: Political Map of Pakistan

Source: Survey of Pakistan
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Figure 8: Description of Study Area Showing
the Selected Climate Stations

The climate data required for the study was acquired from
PMD for the period 1990-2022. The acquired data consisted
of monthly maximum and minimum air temperature (°C), air
pressure and vapor pressure at station level (mb), and rainfall
(mm), along with the monthly climate normal for the period
1961-2010 for all selected stations.

2.2 Methodology

2.2.1 Analysis of Pre-Monsoon 2022
Weather Condition and Anomalies

As discussed earlier, the pre-monsoon weather conditions
in Pakistan strongly influence the monsoon precipitation
characteristics in the country. Therefore, in this study, in order
to investigate the prime atmospheric factors that lead to the
extreme monsoon precipitation in Pakistan in 2022, the monthly
air temperature and pressure data for the pre-monsoon months
(April to June) for the year 2022 was comprehensively analyzed,
and the magnitude of anomaly with respect to normal (1961-
2010) was computed for all stations, so as to understand the
extent of variation from the normal pattern that resulted in the
unusual weather conditions in the country.
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Table 2: Geographic and Climate Details of the Selected Stations
Source: Pakistan Meteorological Department (PMD)

Mean
Station La?tude Longitude 1}&2:;322? 111 » qu:;latl'
(°N) (°E) ©C) rec(;gin z; ion
Khyber Pakhtunkhwa
Drosh 35.56 71.8 17.60 588
Peshawar 34.01 71.52 22.70 404
Parachinar 33.90 70.08 15.30 782
DI Khan 31.86 70.90 24.20 318
Punjab
Rawalpindi | 33.56 73.01 21.30 1200
Sargodha 32.07 72.68 24.70 501
Jhelum 32.94 73.72 23 875
Sialkot 32.49 74.52 22.6 972
Lahore 31.52 74.35 24.30 636
Multan 30.15 71.52 25.65 254
Khanpur 28.63 70.65 25.10 97.3
Balochistan
Zhob 31.34 69.46 19.10 285
Quetta 30.17 66.97 15.70 261
Barkhan 29.89 69.52 21.60 418.6
Nokkundi 28.82 62.75 24.50 35.30
Dalbandin 28.88 64.39 22.40 80.70
Panjgur 26.97 64.08 22.10 109
Khuzdar 27.81 66.60 21.50 252
Jiwani 25.05 61.77 25.60 114
Pasni 25.25 63.41 26.28 115
Sindh
Jacobabad 28.24 68.38 27.10 223
Nawabshah | 26.24 68.39 26.70 161
Hyderabad | 25.39 68.35 26.80 156
Chhor 25.35 69.73 26.50 245.50
Karachi 24.86 67 26.60 175

2.2.2 Analysis of Summer Monsoon 2022

Weather Condition and Anomalies
In this study, after the comprehensive analysis of unusual pre-
monsoon weather conditions, the monthly precipitation and
vapor pressure data for the monsoon months (July to September)
for the year 2022 was analyzed for all stations, and the magnitude
of anomaly with respect to normal was estimated.

3.0 RESULTS AND DISCUSSION

3.1 Analysis of Pre-Monsoon 2022
Weather Condition and Anomalies:

The results obtained from the pre-monsoon air temperature and
pressure analysis for the year 2022 are shown in the Figures 9 to
14 as under:
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Figure 9: Mean Monthly Temperature (°C) in April 2022 (on left)
and the Magnitude of Anomaly (°C) (on right)
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Figure 11: Mean Monthly Air Temperature (°C) in June 2022 (on left)
and the Magnitude of Anomaly (°C) (on right)
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Figure 12: Mean Monthly Air Pressure (mb) in April 2022 (on left)
and the Magnitude of Anomaly (mb) (on right)
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Figure 10: Mean Monthly Air Temperature (°C) in May 2022 (on left)
and the Magnitude of Anomaly (°C) (on right)

1
1,650 Km

Table 3: Summary of Mean Monthly Temperature Analysis and Anomalies
in °C for the Pre-Monsoon Period 2020-2022, Sindh

2022
Station April Normal Anomaly May Normal Anomal June Normal Anomaly
Karachi 31.5 28.5 +3 324 30.8 +1.6 322 31.7 +0.5
Chhor 329 29.9 +3 34.5 332 +1.3 34.1 33.6 +0.5
Hyderabad 332 31 +2.2 344 334 +1.0 342 34.1 +0.1
Nawabshah 33.7 29.5 +4.2 36.3 34.1 +2.2 35.9 35.6 +0.3
Jacobabad 34.1 30.2 +3.9 37.3 35.2 +2.1 36.1 37 -0.9
2021
Karachi 30.9 28.5 +2.4 32.6 30.8 +1.8 322 31.7 +1.1
Chhor 322 29.9 +2.3 342 33.2 +1.0 33.9 33.6 +0.6
Hyderabad 31.6 31 +0.6 333 33.4 -0.1 33 34.1 -0.3
Nawabshah 31.7 29.5 +2.2 34.6 34.1 +0.5 35.1 35.6 -0.3
Jacobabad 31 30.2 +0.8 35.7 35.2 +0.5 36.6 37 -0.4
2020
Karachi 28 28.5 -0.5 31 30.8 +0.2 31.9 31.7 +0.2
Chhor 313 29.9 +1.4 33.4 332 +0.2 33.9 33.6 +0.3
Hyderabad 31.2 31 +0.2 339 334 +0.5 33.9 34.1 -0.2
Nawabshah 29.9 29.5 +0.4 34.5 34.1 +0.4 36 35.6 +0.4
Jacobabad 30.8 30.2 +0.6 35.9 35.2 +0.7 37.9 37 +0.9
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Figure 13: Mean Monthly Air Pressure (mb) in May 2022 (on left)
and the Magnitude of Anomaly (mb) (on right)
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Figure 14: Mean Monthly Air Pressure (mb) in June 2022 (on left)
and the Magnitude of Anomaly (mb) (on right)

The results obtained from the analysis showed that the
pre-monsoon temperatures were exceptionally high across the
country in 2022. As mentioned earlier, the pre-monsoon heating
over the landmasses in Pakistan plays a vital role in the formation
of seasonal trough that sets an adequate ground for the incursion
of moisture-laden winds from the Arabian Sea and Bay of Bengal
into the country. In this study, the pre-monsoon air temperature
analysis showed that the magnitude of temperature anomaly
was highest in Balochistan throughout the pre-monsoon season.
In April 2022, Balochistan recorded about 1.2 to 6.0 °C above
normal monthly temperature as shown in the Figure 9, with
the magnitude of anomaly was found to be highest at the Zhob
station (+5.9 °C), followed by Panjgur (+4.4 °C), Khuzdar (+4.3 °C),
Nokkundi (+4.1 °C), Dalbandin (+3.4 °C), and Pasni (+1.6 °C).
In Sindh, about 2.0 to 4.5 °C above normal temperature was
found, with Nawabshah (+4.2 °C), Jacobabad (+3.9 °C), Karachi
(+3 °C), and Hyderabad and Chhor (+2.2 °C) as shown in the
Table 3. In Punjab, about 4.0 to 5.8 °C above normal temperature
was found with the highest anomaly at the Rawalpindi station
(+5.8 °C), followed by Sargodha (+5.4 °C), Multan (+4.6 °C),
Jhelum (+4.5 °C), and Sialkot (+4.1 °C). In KPK, about 3.5 to
5.5 °C above normal temperature was found, with the maximum
anomaly in Dera Ismail Khan (+5.5 °C), followed by Peshawar
(+4.6 °C), Parachinar (+4.4 °C), and Drosh (+3.7 °C). In May, the
monthly temperature anomaly was found to be +1.0 to +3.5 °C in
Balochistan as shown in the Figure 10, with the highest anomaly
detected in Zhob (+3.2 °C), followed by Barkhan (+2.7 °C),
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Khuzdar (+2.5 °C), Dalbandin (+2.3 °C), and Panjgur (+1.9 °C).
In Sindh, about 1.0 to 2.5 °C above normal temperature was
noticed, with Nawabshah (+2.2 °C), Jacobabad (+2.1 °C), and
Karachi (+1.6 °C). In Punjab, about 1.2 to 3 °C above normal
temperature was found, with Rawalpindi (+2.9 °C), Multan
(+2.5 °C), Sargodha (+2.4 °C), and Lahore (+1.8 °C). Similarly,
in KPK, about 1.0 to 3 °C above normal temperature was found
during the analysis, with the highest anomaly in Dera Ismail
Khan (+3 °C). In June, 0.1 to 0.5 °C above normal temperature
was found in Sindh, 0.2 to 1.2 °C in Punjab, while below normal
temperature was observed at majority of stations in KPK and
Balochistan, as shown in the Figure 11.

Due to the profound relation between the air temperature
and pressure, the pre-monsoon air pressure conditions in 2022
also deviated from its normal pattern due to the unusual high air
temperatures. In this study, the analysis revealed that in April
2022, majority of the stations in Sindh, Punjab, and Balochistan
observed significant below normal mean monthly air pressure,
with the air pressure anomaly ranging from about -0.5 to -2.5
mb (millibar) in Balochistan, -1.0 to -2.5 mb in Sindh, and about
-1.5 to -2.2 mb in Punjab, as shown in the Figure 12. Similarly,
in May, Sindh recorded about 2.0 to 3.0 mb below normal air
pressure, and Balochistan and Punjab observed 1.0 to 3.0 mb
below average air pressure, as shown in the Figure 13. However,
in June, majority of the selected stations showed a positive
anomaly as shown in the Figure 14.

Based on the above analysis, it was concluded that the
unusual pre-monsoon heating during April and May over the
plains in Sindh, Punjab and Balochistan played a key role in the
development of intense low air pressure system, that paved the
way for the excess moisture intrusion from the Arabian sea and
Bay of Bengal into the country. This excess moisture penetration
consequently lead to high air moisture conditions, and ultimately
extreme precipitation in Pakistan.

3.2 Analysis of Monsoon 2022
Weather Condition and Anomalies:

In this study, after the investigation of unusual pre-monsoon
weather conditions in Pakistan in 2022, the monsoon seasonal air
moisture conditions (evaluated in terms of vapor pressure) and
rainfall were investigated for the year 2022. The results obtained
from the analysis are shown in the Figures 15 to 20 as under:
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Figure 15: Mean Monthly Vapor Pressure (mb) in July 2022 (on left)
and the Magnitude of Anomaly (mb) (on right)
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Figure 16: Mean Monthly Vapor Pressure (mb) in August 2022
(on left) and the Magnitude of Anomaly (mb) (on right)
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Figure 17: Mean Monthly Vapor Pressure (mb) in September 2022
(on left) and the Magnitude of Anomaly (mb) (on right)
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Figure 18: Monthly Rainfall (mm) in July 2022 (on left)
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Figure 19: Monthly Rainfall (mm) in August 2022 (on left)
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Figure 20: Monthly Rainfall (mm) in September 2022 (on left)
and the Magnitude of Departure (mm) (on right)

As discussed earlier, vapor pressure generally indicates
the availability of water vapors in air and strongly governs the
intensity and the amount of precipitation. In this study, the analysis
showed that in July 2022, about 0.4 to 4.0 mb above normal
mean monthly vapor pressure was observed in Balochistan, 0.2
to 4.0 mb in Sindh, and 1.0 to 5.0 mb in Punjab and KPK, as
shown in the Figure 15. In August, the analysis showed about
1.0 to 4.0 mb above normal mean monthly vapor pressure in
Balochistan, and 1.5 to 5.0 mb in Sindh and Punjab, as shown in
the Figure 16. In September, about 3.0 to 6.0 mb above normal
vapor pressure was found in Sindh and Balochistan during the
analysis, as shown in the Figure 17. As discussed earlier, the
availability of high amount of water vapors in air serve as a key
cause of heavy precipitation. In this study, the rainfall analysis
revealed that the extreme monsoon system was more active in
Sindh and Balochistan, as compared to the other parts of country
in 2022. In July 2022, Sindh received about 100 to 300 mm
above normal monthly rainfall as shown in the Figure 18,
where Karachi and Jacobabad stations received 282 and 247
mm above normal precipitation respectively. In Balochistan,
about 50 to 200 mm above normal rainfall was received, with
177 mm above normal rainfall in Khuzdar, followed by Panjgur
(+165 mm), Pasni (+162 mm), and Zhob (+78 mm). Similarly, in
Punjab, about 50 to 180 mm above normal rainfall was received,
with 176 mm above normal rainfall in Rawalpindi, followed by
Jhelum (+120.5 mm), and Sialkot (+119 mm). In KPK, about 5
to 30 mm above normal rainfall was received, where Peshawar
received 22 mm above average rainfall. In August, precipitation
over the country was found to be more vigorous than July during
the analysis, where Sindh received about 100 to 500 mm above
normal rainfall (as shown in the Figure 19), with the highest
departure was found in Jacobabad (+457 mm), followed by
Chhor (+435 mm), Nawabshah (+402 mm), Hyderabad (+180
mm), and Karachi (+67 mm). In Balochistan, about 50 to 250
mm above average rainfall was received, with 224 mm above
normal rainfall in Barkhan, followed by Quetta (+194 mm),
Khuzdar (+170 mm), Zhob (+111 mm), and Panjgur (+62 mm).
However, in Punjab, all selected stations received below normal
rainfall. In KPK, 161 mm above normal rainfall was received in
Dera Ismail Khan, followed by Drosh (+122 mm), and Parachinar
(+68 mm). In September, the intense monsoon system was found
to be retreated from the country with less extremity in rainfall
as compared to July and August. In Sindh, Karachi recorded 33
mm above normal rainfall, while the remaining stations received
below average precipitation. In Punjab, about 15 to 75 mm above
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normal rainfall was received, with 75 mm above normal rainfall
in Sargodha, followed by Rawalpindi (+28 mm), and Sialkot
(+20 mm), as shown in the Figure 20.

Based on the above analysis, it was concluded that the
unusual heating and the formation of intense low air pressure
condition during April to May over Sindh, Punjab, and
Balochistan resulted in the excess penetration of moisture from
the Arabian sea and Bay of Bengal, that lead to air moisture
levels, and consequently extreme precipitation in the country.
The series of heavy monsoon rainfall events severely affected
the human lives, livestock and agriculture, and infrastructure
in Pakistan. As per the Pakistan Agricultural Research Council
(PARC), about 1.9 million tons of rice, 3.1 million bales of cotton,
and 10.5 million tons of sugarcane worth of $543, 485, and 273
million respectively was destroyed in Sindh as a consequence of
extreme monsoon precipitation.

4.0 SIGNIFICANCE AND RESEARCH
CONTRIBUTION

This study comprehensively highlighted the causes and extremity
of extreme monsoon precipitation in Pakistan during the past 30
years. In addition, it also unearthed the occurrence of unusual
weather conditions that lead to the exceptionally high monsoon
precipitation in 2022. The outcomes of study are expected to
provide a way forward for the national and international research
community in investigating the causes and impacts of extreme
weather patterns, and to suggest effective climate change
adaptation and mitigation measures.

5.0 RESEARCH SCOPE AND LIMITATIONS

This study included an in-depth literature review on the past
extreme monsoon rainfall events in Pakistan, and also probed
the meteorological factors behind the extreme monsoon rainfall
in 2022. Additionally, to devise a more holistic and effective
climate change adaptation and mitigation strategy, the Global or
the Regional Climate Models can also be employed to capture
the future possible trend and extremity of southwest monsoon
in the region.

6.0 CONCLUSION AND
RECOMMENDATIONS

This study was conducted to probe the major meteorological
causes behind the extreme monsoon precipitation in Pakistan
in 2022. Based on the analysis, the following conclusions were
reached:

e The detailed literature review on the past monsoon
precipitation pattern in Pakistan revealed that the extreme
monsoon rainfall events have significantly increased in the
country as a consequence of shifting climate patterns.

e The temperature analysis revealed that in April 2022, unusual
high air temperatures were recorded across the country, with
Sindh observed 2.0 to 4.5 °C, Balochistan observed 1.5 to
6.0 °C, Punjab observed 4 to 5.8 °C, and KPK observed
3.5to 5.5 °C above normal temperature. Similarly, in May,
about 1.0 to 2.5 °C above normal temperature was found in
Sindh, 1.0 to 3.5 °C in Balochistan, Punjab, and KPK.
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*  Due to the exceptionally high air temperature, an intense
low pressure system was developed over the country’s
landmasses. In April 2022, about 0.5 to 2.5 mb below
normal air pressure was observed in Sindh and Balochistan,
and 1.5 to 2.5 mb in Punjab. In May, 2.0 to 3.0 mb below
normal air pressure was found in Sindh and 1.0 to 3.0 mb in
Balochistan and Punjab.

e In July 2022, about 0.5 to 4.0 mb above normal vapor
pressure was found in Sindh and Balochistan, while Punjab
observed 1.0 to 5.0 mb above normal vapor pressure. In
August, about 1.5 to 5.0 mb above normal vapor pressure
was found in Sindh, Punjab, and Balochistan, while in
September, about 3.0 to 6.0 mb above normal vapor pressure
was found in Sindh and Balochistan during the analysis.

*  Due to the high moisture availability, about 100 to 300 mm
above normal monthly rainfall was received in Sindh in
July, with 50 to 200 mm in Balochistan and Punjab, and
about 30 mm in KPK. In August 2022, about 100 to 500
mm above normal rainfall was received in Sindh, and 50 to
250 mm in Balochistan. In Punjab, majority of the stations
received below normal rainfall, while in KPK, about 50 to
180 mm above average rainfall was received. In September,
the monsoon system weakened in the country, with Sindh,
Balochistan, and KPK received below average rainfall,
while Punjab received 15 to 75 mm above normal rainfall.

e Conclusively, it was found that the unusual heating during
April to May in Sindh, Punjab, and Balochistan resulted in
the formation of intense trough that facilitated the continuous
moisture penetration from the Bay of Bengal and Arabian sea
into the country. This uninterrupted incursion of water vapors
lead to increased vapor pressures (high air moisture conditions)
and consequently extreme precipitation in the country.

e The study outcomes briefly explained the causes of extreme
monsoon precipitation in Pakistan in 2022, which may
help to devise an effective climate change adaptation and
mitigation strategy, so as to reduce the risks of extreme
climate patterns on the water and food security in Pakistan.

e In the authors opinion, in order to reduce the risk and
consequences of severe hydrological and climate events
(floods, extreme rainfall and heat waves) in Pakistan, a
continuous real time monitoring of hydro-climatological
patterns, along with the implementation of a well-integrated
climate change mitigation policy is essential so as to ensure
the state of water, food, and economic security in the country.
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ABSTRACT

Concrete hollow blocks are commonly used in building construction, particularly for multi-story buildings, factories, and
residential structures. Hollow blocks are more practical because of their lightweight, and the most significant feature is the
ease with which they can be ventilated. Mortar is the glue that holds the blocks together in a masonry assembly. Mortar must be
long-lasting and capable of holding the masonry together while also helping to form a water-resistant barrier. Typically, cement
and sand are used to make mortar, with lime or a plasticiser added to increase workability. This paper provides an overview
of modern masonry hollow block wall construction, starting with an overview of its applications and benefits, and offers an
experimental work of concrete hollow block and mortar units, such as water absorption, 5-hour boiling test, compressive
strength, density, flexural strength test, and compressive strength, and consistency test for mortar. The findings revealed that
the compressive strength for a masonry hollow block is 8.39 MPa at 28 days which does not pass the specifications for it to be
a load-bearing unit and the compressive strength of mortar is approximately 21.34 MPa at 28day. To improve economy and
productivity, compressive strength, density, masonry hollow block properties, and masonry wall behaviour with the factors to
consider for load-bearing and non-load-bearing wall construction were summarised and described, and key reference lists

were included. A review of the Concrete Hollow Block material and mechanical properties.

Keywords: Construction, Experiment, Hollow Blocks, Masonry, Materials

1.0 INTRODUCTION

The concrete hollow block allows for thinner walls, resulting in
more floor space because the air space in the block accounts for
25% of the total area of the block, moreover, it is still among
the earliest building materials in use today (Yang et al., 2019,
Umair et al., 2022, Edri et al., 2020). Cement concrete blocks
are more popular than traditional building materials like bricks
and stones. To use blocks in construction, the overall length and
height of the wall must be fixed to allow for the use of a single
or half-length block. Due to their low cost, these concrete hollow
blocks are commonly used in compound walls and because of
their lightweight, concrete hollow blocks are more useful, and
the most important feature is their ease of ventilation. Cement,
sand, and stone chips are used to make concrete hollow blocks.
It lowers construction costs by reducing the use of cement in
masonry work (Varshney,2016). For thousands of years, masonry
was the dominant building material until the nineteenth century,
when modern materials like concrete, steel, and wood appeared
(Maldonado et al., 2019). Masonry is the only traditional in-fill
material used in reinforced concrete frames. Due to variables
including resource availability, societal limitations, cultural
affinity, and economic feasibility, structured masonry has gained
popularity in the construction of monumental, administrative,
and residential buildings (Parajuli et al., 2020, Parsekian et al.,
2018). In previous studies, to form masonry walls, beds, and
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head joints were used to connect concrete hollow blocks (Hasan
et al., 2021, Ma et al., 2016, Gabor et al., 2019, Reboul et al.,
2018, Al-Shugaa et al., 2019, Chi et al., 2019, Calderén et al.,
2020, Materials & 2018) this implies that skilled workers are
required in the construction process. For thousands of years,
using mortar to bond block units on top of each other has proven
to be a successful technique, primarily justified by its simplicity
and durability during construction (Popescu et al., 2015). The
masonry has good sound, heat, and moisture insulation properties
because of the hollow space between the blocks, the air space
in the block accounts for 25% of the total area of the block,
and hollow blocks enable thinner walls and more floor space.
Cement concrete blocks have surpassed traditional building
materials such as bricks and stones in popularity. To use blocks
in construction, the wall's overall length and height must be
fixed, allowing for the use of a single or half-length block. The
hollow concrete blocks were discovered for a variety of reasons:
*  Sound management,

e Dead load is low,

e Resistance to fire,

e Sufficient strength,

e Outstanding thermal insulation,

e Economy,

e Exceptionally long-lasting,

e Environmentally Sound,
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e Reduced mortar consumption,

*  Quick and Easy Building System,

e Improved architectural features.

Disadvantages are:

e The load-bearing capability of hollow blocks is decreased
by the combined mass of wall decoration materials.

* Hanging heavy objects on such walls is extremely dangerous.

Applications are:

e Inload-bearing structures, hollow blocks are used.

e It's used to build frame structures like high-rise residential
apartments and other similar structures.

e Itis used on the ground, such as roadside walkways.

e It is also used in unusual applications such as roadside and
backyard plantation tree guard blocks.

Concrete hollow block is most effective in load-bearing

structures, where it can provide load support, space division, fire

and weather protection, and thermal and acoustic insulation, all

of which must be separately accounted for in a framed building.

According to the allowable stress design, under a working load,

the stresses developed in a member must be less than the allowable

stresses (Varzaneh et al., 2020, Muthukumar & Kumar, 2015).

Clay bricks, both unfired and fired, concrete bricks, and hollow

concrete blocks are just a few of the masonry materials available

(A. L. Murmu and A. Patel, 2018). Concrete blocks hollow

have the potential to reduce energy consumption, consume fewer

raw materials, and have a lower environmental impact, as a result,

concrete hollow blocks have become increasingly important in the

construction industry (N. Sathiparan, M. K. N. Anusari, 2014).

1.1 Literature Review

The compressive strength of masonry was reported by Udi et
al., (2020) where it is affected by several factors, such as the
aspect ratio of the units, the mortar strength, the unit strength,
and the relative values of the units and mortar (ratio of height to
least horizontal dimension). Unit orientation with reference to
the applied load direction and bed joint thickness. The criteria
stated highlight how difficult it is to determine the strength
of the brickwork with accuracy. (Kuddus & Fabregat, (2017)
discovered that the compressive strength of blockwork would
also be affected by the change in mortar designations. The
strength of block wall panels could be significantly increased
by using high-strength mortar instead of low-strength masonry
units while building blockwork, and vice versa. Bakhteri et al.,
(2012), shown empirically that for a brick of a certain height,
the strength of a brick falls as the junction thickness grows, and
it was demonstrated by Bakhteri ez al., (2004) using the aid of
finite element modelling. Additionally, it was discovered that
eccentricity of loading also has an impact on the brickwork's
strength. When force is applied farther from the centre of a wall
panel that is uniformly loaded, there is sometimes an apparent
increase in compressive strength. Sureshchandra et al., (2014)
find out the compressive strength of hollow blocks with partial
and full replacement of sand by quarry dust. After replacement
he found that 50% replacement of sand gave high strength, and
100% replacement of sand gave low strength. Fortes et al.,
(2015) studied the compressive strength of un-grouted, grouted
masonry and masonry units. This research work indicates
an increase in the compressive strength of the masonry with
increasing compressive strength of the units.
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2.0 MATERIALS

2.1 Standard Sizes of Concrete Hollow Block

A concrete hollow block is one with at least one large hole or
cavity running through it and solid material accounting for 50
to 75% of the total volume calculated from the block's overall
dimensions (Varzaneh et al., 2020). Concrete hollow block units
come in a wide range of sizes and shapes to accommodate a
wide range of construction needs, examples include stretchers,
corners, double corners, piers, jambs, headers, bullnoses,
partition blocks, and concrete floor units. The concrete hollow
blocks' nominal dimensions must be used, whether hollow (open
or closed cavity) or solid, and the concrete blocks' nominal sizes
are as follows:

Length: 400, 500, or 600 mm,

Height: 200 or 100 mm,

Width: 50, 75, 100, 150, 200, 250, or 300 mm.
Along with the previously mentioned blocks, half lengths of 200,
250, and 300 mm are required to match the full lengths. Table 1
shows the sizes and weights of different concrete hollow blocks.
The length tolerance of the units must not exceed +/- 5 mm, and
the maximum height and width variation must not exceed +/-
3mm (Nalon et al., 2022).

Table 1: Different sizes and weights of hollow blocks

(Varshney, 2016)
S/No | Description Size in (cm) i}l);goiy;illn(agtse
1 Entire hollow 39x09x 19 10.0
2 Hollow in half 19x09x 19 5.1
3 Half a lintel 19x 14 x19 7.5
4 Hollow lintel 19x19x 19 9.3
5 Floor slab 50x20x12.5 18.0

2.2 The Geometry of the Concrete Hollow Block

Concrete hollow block units for masonry construction are
available in different shapes and sizes, and strengths, the standard
block is the most common type, which comes in two shapes,
open-end units, double-open-end units, lintel units, and knock-
out units are popular styles. To improve the thermal reduction of
vertical partitions, openings in concrete hollow blocks are used
and the lightening/simplification of block handling lowers the
structural load of the building (Nalon ez al., 2022). Compared
to solid blocks, although using hollow elements saves material
costs, internal acoustic resonances within the blocks can be
increased by the core holes in the blocks, which are associated
because of their lower surface weight, resulting in a significant
reduction in the system's sound reduction. The sound reduction
index is influenced by the geometry of the holes, which is
determined by the blocks’ net and gross area ratios, with their
weight ratios, resulting in various sound transmission reduction
curves (Oliveira et al., 2021). When producing high-strength
concrete blocks, some plants used a variety of concrete block
geometries. Because the net area increases and the desired
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Table 2: Concrete Hollow Blocks Classification Based on Compressive Strength and Density
(ASTM C140/C140M-14, 2014)

... | Minimum Compressive Individual Unit
Type Grade e bl]:);/l;nd;l?my 18 Strength Unit Average Minimum Strength
N/mm’ N/mm’
Hollow block (open & closed A(BS5) | Notless than 1500 3.5 2.8
cavity) loadbearing unit
A (4.5) 4.5 3.6
Not less than 150
A(3:3) but not less than 1,000 3.3 44
A (7.0) 7.0 5.6
B (2.0) 2.0 1.6
B (3.0) 3.0 2.4
B (5.0) 5.0 4.0
Hollow block (open & closed c(1.5) Less than 1500 15 12
cavity) non-loadbearing unit ’ but not less than 1,000 : ’
Solid load D (5.0) 5.0 4.0
Bearing unit D (4.0) Not less than 1800 4.0 3.2

compressive strength is easier to achieve, 32mm thick face-shell
concrete hollow blocks will be produced if the plant lacks a
strong compressive block moulding machine. This is an option,
however, has some drawbacks: the mass of concrete hollow
blocks rises (by about 15%), putting building lower ends under
stress the productivity of laying the units falls; and transportation
costs increase. Another advantage of using this type of concrete
hollow block is that involuntary changes in the high-strength of
concrete are avoided due to the thinner face-shell thickness of
these blocks (Gauthier & Hawley, 2007, Abd Manan et al., 2019,
Abd Manan et al., 2021, Beddu et al., 2020) lower-strength
concrete hollow blocks are less likely. This choice is significant
because it avoids the need for the plant to halt production when
the compressive strength of the block varies, like other large-
scale companies that typically produce concrete hollow blocks
with a 25 mm face-shell thickness, plants frequently alter the
proportions of the mixture as well as the settings of the equipment
(Cintya3 et al., 2012).

2.3 Concrete Hollow Block Classification Based
on Compressive Strength and Density

These types of masonry units are categorised as concrete hollow
blocks load-bearing and non-load-bearing units (open and closed
cavity) and shall conform to the following grades as can be seen
from Table 2. The minimum block density for Grade A concrete
block unit is 1,500 kg/m* as load bearing is designed at 28 days
to have low average compressive strengths of 3.5,4.5,5.5,7.0,
8.5,10.0,12.5,and 15.0 N/mm?. Group B concrete hollow block
units are also used as load-bearing units, and their block density
must be between 1,100 kg/ m* and 1,500 kg/ m*, and at 28 days
should have average compressive strengths of at least 3.5 and
5.0 N/mm? (Amalkar et al., 2020). Grade C units are non-load
bearing and must have a minimum block density of 1,500 kg/
m3 but not less than 1,000 kg/m3, and they are designed to have
average compressive strengths of at least 1.5 and 1.2 N/mm? at
28 days (ASTM C140/C140M-14,2014).
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2.4 Physical Properties of Concrete Hollow Block

The basic requirement for any concrete hollow block is to provide
Moisture Movement, absorption of water, drying Shrinkage,
compressive strength, density, and durability (Varshney, 2016).
Hollow concrete blocks, apart from providing the above-listed
benefits, possess adequate strength and structural stability, are
highly durable, fire resistant, economical, and provide a fast
and easier construction system. In addition to this, they provide
aesthetic beauty by providing better architectural features
(Hendry, 2001). The physical characteristics of masonry hollow
concrete blocks are shown in Table 3:

Table 3: Physical Properties of Concrete Hollow Block

S/N Grade

Type

1 | Moisture Movement | A maximum of 0.09%

2 | Absorption of Water | A maximum of 10%

3 | Drying Shrinkage A maximum of 0.06%

4 | Compressive For Grade A: 3.5 to 15.0 N/mm?
Strength For Grade B: 3.5 and 5.0 N/mm?

5 | Density For Grade A: 1500 kg/m’

For Grade B: 1100 kg/m® to
1500 kg/m?

3.0 EXPERIMENT

3.1 Concrete Hollow Block

The Malaysian city of Penang provided the masonry hollow
block units for this investigation, the prepared block is shown
in Figure 1. The concrete hollow block units used have identical
dimensions and configurations and are manufactured in a single
production batch (190 mm x 140 mm x 390 mm).
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Figure 1: Masonry Hollow Block

3.2 Mortar

The type of mortar used in this study was grade 30 (1:3), this
type of mortar is described by (BSI 5628: British standards
institution (BSI). BSI-5628, 1992, G. Mohamad et al., 2007).
The volume ratio of cement and sand used was that suggested
by Wheeler, (2005). The water-to-cement ratio used for mortar
was 0.5, and the mortar was batched immediately before mixing.
The mortar was mixed with water until a homogenous mixture
was obtained. A pan-type mixer was used, with each batch
receiving a minimum mixing time of 5 minutes. Throughout the
test procedure, consistent sources of material were used, and all
ingredients were rigorously batch-mixed by volume to ensure
consistency of mortar qualities.

3.3 Water Absorption

The amount of water that a unit can hold when saturated is
referred to as its water absorption. Absorption can reveal a
concrete mix's degree of compaction, or the volume of voids
present in a block. Variations in absorption may be a sign of
hazardous substances in the combination, inadequate mixing,
and/or compaction of the concrete mix, as well as variations in
compressive strength, tensile strength, and durability, issues with
laboratory procedures, or other causes for a specific mix design,
manufacturing, and curing process (ASTM C140/C140M-14,
2014, BS 1881-122:2011+A1, 2020).

3.4 5-Hour Boiling Test

The concrete hollow block used in this study is not suitable to
be tested using the vacuum method due to its size; the boiling
test method shown in Figure 2 was adopted. The first step of
the process is to dry the concrete block samples for 72 hours
(temperature 110°C) in the oven. They were then cooled at
room temperature and weighed. The concrete hollow blocks
were transferred into a water tank for one-hour heating and
subsequently boiled for 5 hours. The cooling process was done
again at room temperature for 16 to 19 hours for the blocks to
naturally lose heat. After that, the samples were removed from
the water, wiped down with a damp cloth, and weighed. The
following equation is used to calculate water absorption. This
test complied with (MS 76, 1972).
Water absorption, % =

100(wg—wyg)
0 = ——2= 52
Wq

6]

Where: w, = dry weight of the specimen
w, = saturated weight of the specimen
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Figure 2: Boiling Machine Test

3.5 Compressive Strength Test

Concrete hollow block units are subjected to compressive
strength testing to make sure they adhere to the applicable unit
specifications' minimum strength criteria (EVALUATING THE
COMPRESSIVE STRENGTH OF CONCRETE MASONRY -
2012 IBC/2011 MSJC - NCMA, n.d.), according to Figure 3.
This test is performed on a concrete block with a dimension of
140mm x 190mm x 390mm to find the failure and breakage point
of the concrete block as well as the strength. It is applicable for
production control, performance, and compliance testing. The
compressive strength is calculated using the following formulae:

w
f=% @)

Where: f = compressive strength of the specimen (N/mm?)
W = maximum load (N)
A =average of the gross area surfaces of the
specimen (mm?)

Figure 3: Compressive Strength Machine

3.6 Density Test

The density test determines the density of the concrete block, and
the test is conducted with conformity to (BS EN 12390-7, 2009).
At 100°C, the concrete block samples are dried to a constant
mass. Each block's dimensions are given in centimeters (to the
nearest millimeter), and the total volume, V, in cubic centimeters
must be calculated after the blocks have been cooled to room
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temperature. After that, the blocks are weighed in kilograms (to
the nearest 10 g) my,y. The average for the three blocks is taken as
the average density. The formula for the density of the concrete
block is as shown in the Equation below:

D= (4

Ws—w;

) x 1000 3)

where: D = density (kg/m?)
wy = oven dry weight (kg)
w, = saturated weight (kg)
w; = immersed weight (kg)

3.7 Flexural Strength

An object's modulus of rupture (or flexural strength) is the
maximum amount of force that it can withstand before breaking
or becoming permanently deformed. Flexural strength can be
measured in two very similar ways. The ends of a long rectangular
sample of the material are supported, leaving no support in the
center, yet the ends are solid. The material is then loaded or
pressed until the central section is broken. An increasing load
is delivered to the center of the sample during a three-point
bending strength test until the material permanently breaks or
bends. Increased forces can be applied while the force at the
failure point is carefully recorded using flexural test equipment.
The only difference
between a four-point
bending test and a two-
point bending test is
that the load is applied
simultaneously at both
points, once further
toward the center of the
sample. The flexural
strength is easier to
calculate when one
load or force is applied
halfway between the
supports and another
part is applied halfway
between them. Figure
4 demonstrates how
the test was conducted.

The three-point
bending strength test
was employed in this study, and since length, width, and depth
are all measured in meters in SI units, the force is measured in
newtons, resulting in pascals (Pa), or newtons per square meter.
Lengths, widths, and depths will be measured in imperial inches,
and force in pounds-force resulting in pounds per square inch.
The results were calculated using the following formulae:

— sw(f/,—x)
bd?2

Where: § = flexural strength (N/mm?)
W = maximum applied load (N)
H = distance between support (mm)
b = width of the specimen (mm)
d = depth of the specimen (mm)
x = distance from the plane of failure to the
midspan (mm)

Figure 4: Flexural Strength Test

S 4
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3.8 Compressive Strength of Mortar

The mortars were cast in 50 mm x 50 mm x 50 mm molds as
per (ASTM C 270-07,2007, Khalaf, 2015) compressive strength
of mortar standard test method. The mortar was cured for 28
days and 1.5 hours after mixing, the initial setting was removed.
For the first 24 hours, the cubes were stored and covered with a
polythene sheet before being removed from the mold and cured
in water at 20°C for 27 days. To determine the relative density
of the mortar, the cubes were weighed in both air and water.
They were then loaded at 0.1N/mm?sec to ascertain the mortar's
compressive strength. The mortar cube during the compressive
strength test is shown in Figure 5.

Figure 6: Dropping Ball
Test Apparatus

Figure 5: Mortar
Compressive Strength

The dropping ball apparatus, as shown in Figure 6, was
used to perform the mortar consistency test and under (British
Standards Institution BSI, 1980). A consistency of approximately
+ Imm was used for the 1:3 designation mortars. The calculation
of the result is using the formula as follows:

Compressive strength of mortar =
max load carried by specimen/top
surface area of the specimen

Eq.5

4.0 RESULTS AND DISCUSSION

The outcomes of tests conducted on the concrete hollow block's
density, water absorption, and workability as well as its strength
(concrete hollow block and mortar) as shown in Table 4. In the
dropping ball test, the mortar type (jj) with the designation 1:3
had a consistency of about 10 + Imm. The mortar was used
1.5 hours after mixing before the initial setting was discarded.
The amount of water that a unit can hold when saturated is
defined as absorption. Absorption can indicate a concrete mix's
level of compaction or the volume of voids within a block.
The water absorption for the concrete hollow block used was
approximately 7.362%. The density for a concrete hollow block
is approximately 1,203 kg/m?.

The hollow concrete block unit is subjected to an axial
compressive load until it fails. Compressive strength tests are
performed on concrete masonry units to ensure that they meet
the minimum strength requirements of the applicable unit
specification. The concrete hollow block used has a compressive
strength of approximately 8.39 N/mm?. The compressive and
tensile strengths of the mortar are approximately 21.34 MPa
and 33.23 kN, respectively. An object's modulus of rupture (or
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flexural strength) is the amount of force it can withstand before
breaking or becoming permanently deformed. The flexural strength
of the concrete hollow block used was approximately 3.91 N/m?.

Table 4: Engineering Properties of Masonry Concrete Hollow Block

Engineering Properties Values (Unit)
Workability (dropping ball apparatus) 10 £ Imm
Water Absorption 7.362%
Density 1,203 kg/m?
Compressive Strength 8.39 N/mm?
(hollow concrete block unit)

Compressive Strength (mortar) 21.34 MPa
Tensile Strength (mortar) 33.23 MPa
Flexural Strength 3.91/mm?
(hollow concrete block unit)

4.1 Construction of Concrete Hollow Block

Until recently, traditional masonry methods of wall construction
mostly remained the same, drawing criticism that masonry
buildings take too long to construct and are hard to locate
competent labor, in part due to unpleasant on-site working
conditions (Hendry, 2001). The utilisation of innovative site
practices, pre-fabrication, and new sorts of units have been the
main areas of attention in efforts to ameliorate the situation
(Hendry, 2001). Masonry structures are defined by their
shape and certain material characteristics, such as those of the
mortar and masonry units. As a result, the material properties
must be established before thinking about the structural
behaviour of the structural element. When designing masonry
structures, compressive strength and deformations are important
mechanical features to consider. Masonry mechanical properties
are significantly influenced by the composition of masonry units
(Maroliya et al., 2012, Mohamad et al., 2007, Khalaf, 2015),
hollowness, material type, and mortar bed joints are all factors
to consider (Koksal ef al., 2005 Hendry, 2001). Increased lateral
strain due to nonlinearity in the stress-strain relationship is
associated with concrete microcracking (G. Mohamad et al.,
2011, Drysdale & Hamid, 1979, Shrive & El-Rahman, 1985).
Understanding the mechanisms of deformation and failure
is essential for determining a wall's carrying capacity and
improving understanding of its compressive strength.

Masonry works best in load-bearing structures because it
can sustain loads, offer thermal and acoustic insulation, separate
spaces, and protect against weather and fire, all of which must
be accounted for, separately in a framed building. According to
the allowed stress design, the stresses generated in a member
while it is supporting a working load must be fewer than the
allowable stresses. It is assumed that unreinforced masonry can
withstand tensile stresses within allowable limits; however, the
tensile strength of the masonry is ignored in reinforced masonry.
The ACI code uses this design strategy for both unreinforced
and reinforced masonry, whereas the IS code only applies to
unreinforced masonry (Muthukumar & Kumar, 2015). The
masonry nominal strength members must be multiplied by a
strength reduction factor to achieve the design strength, which
must be equal to or greater than the required strength. The
necessary strength must be determined using a legally adopted
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building code's strength design load combination (Muthukumar
& Kumar, 2015).

4.2 Modelling of Concrete Hollow Block

Masonry is a versatile building material comprised of several
types of blocks, stones, ashlars, adobes, irregular stones, and
other materials, and other units are examples of units and
joints. Other materials, such as clay, bitumen, chalk lime/
cement-based mortar, glue, and others, can be used as mortar.
The term "masonry" is called into doubt by the large variety of
combinations that can be made by unit geometry, nature, and
arrangement as well as mortar qualities (R.E. Klingner, 2010).
High specific weight with low tensile and shear strengths and
ductility are some of the mechanical properties of various types of
masonry (brittle behaviour). For numerical analysis of masonry
structures, the Finite Element Method is commonly used (FEM).
Creating a finite element model of a structural element or the
entire structure is the first step in the analysis process. Columns,
arches, domes, and vaults can be represented in the geometrical
model using trusses, beams, solid, membrane, plate, and/or shell
elements. Various modeling strategies are available to represent
the heterogeneous and anisotropy of masonry construction,
depending on the desired level of simplicity and accuracy.

The most significant issue encountered when modeling
such structures is the difference in the mechanical properties
of the masonry unit and mortar used to construct the masonry
structure. A variety of modeling techniques can be used to
examine masonry structures and computer software. In some of
these studies, various modeling techniques are used to compare
the results of the experimental study to the analysis results,
ANSYS software is used for research on numerical simulations
of masonry buildings (Eslami ez al., 2012, Kouris & Kappos,
2012). There are two types of masonry numerical modeling in
general: macro modeling and micro modeling. The accuracy and
precision of the simulation determine the modeling technique
used in the analysis (Doran et al., 2022). Micro modeling is
divided into two types: detailed micro and simplified micro and
the strategies shown in Figure 7 are described in greater detail
(P.B. Lourenc,0, 1996).

a) Detailed micro-modeling: this is the most precise
method of simulation of the behaviour of masonry bricks;
running analyses, however, takes time and is only useful for tiny
masonry walls (Liu & Crewe, 2020). Both mortar and masonry
are discrete inelastic continuum components and discontinuous
elements also represent the interface between the mortar and the
units. This analysis necessitates familiarity with each masonry
constituent (unit and mortar), all masonry failure mechanisms,
such as joint cracking, unit cracking, masonry crushing, and
sliding over one head or bed joint, must be considered, as well as
the interface (L. Macorini, 2013). In applications, finite elements,
discrete elements, and limit analysis can all be used (A. Ordun”
a, 2005). Micro-modeling: more computational effort is required
for the studies, but the results provide a better understanding
of masonry structural local behaviour. This method is ideal
for research as well as small models for localised analysis (A.
Giordano, 2002, P.B. Lourenc,0, 1996).

b) Simplify micro-modeling: the behaviour of an expanded
unit is the behaviour of a mortar joint, or a unit-mortar interface
is represented by discontinuous elements known as interface
elements, whereas the behaviour of a unit-mortar interface
is represented by discontinuous elements known as interface
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elements. Masonry can thus be thought of as a series of elastic
blocks joined together at joints by potential fracture/slip lines
(G. Giambanco, 2001).

¢) Macro-modeling (homogenisation theory): is the most
fundamental strategy: masonry units, mortar, and mortar-unit
interfaces are smudged in a homogeneous continuum material.
Masonry is thus represented as an anisotropic homogeneous
continuum, with masonry's macro constitutive behaviour
obtained through a mathematical procedure that includes
masonry components' geometry and constitutive behaviour
(S.Y. Chen, 2008, G. Milani, 2006). When a structure has large
dimensions and the stresses are distributed uniformly along the
macro length, macro models are more useful (P.B. Lourenc,o,
1996, S.Y. Chen, 2008). Large-scale structures can be efficiently
modelled using the macro modelling approach. however, it is
incapable of accurately capturing the detailed failure mechanisms
(P.B. Lourenc,0, 1996, Liu & Crewe, 2020, Lourenco, 1994).

Unit (brick, block, etc)

Unit Mortar

Perpend or head joint

Interface
._Unit/mortar

(@) (d)
“Unit” “Joint” Composite
N—d ¥
X i i
_________ [ ] | e PR | T re——
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Figure 7: Methods for Modeling Block Masonry
(a) An Example of Masonry; (b) Detailed Micro Modeling;
(c) Simplified Micro Modeling; and (d) Macro Modelling
(A. B. A. E. Mohamad & Chen, 2016)

4.3 Concrete Hollow Block Wall

A concrete hollow block wall is a heterogeneous structural
composite material with mechanical properties determined by
the composite components' properties and interactions (block
and mortar), volume ratio, bond properties. Many researchers
have conducted experiments to characterize the properties of
masonry units for various masonry building systems Costigan
et al., 2015, Jafari et al., 2017, Parajuli & Kiyono, 2015). The
mechanical properties of masonry are influenced by the amount
of stress in the joints, the direction of the bed joints, the shear
modulus value, and the stiffness of the masonry structural
parts (Kaushik et al., 2007). The masonry's shear modulus was
determined through compression tests and the diagonal test
determined effective stiffness, which agreed well with the lateral
tests that determined effective stiffness. Mathematical modeling
of masonry, which is a composite material and, in general, refers
to the material properties and constitutive elements relationship
between masonry and its constituents, required for the
combination of two different property materials, such as block
and mortar. Masonry is an anisotropic, brittle composite material
with distinct directional properties caused by brittle mortar
joints, when subjected to extremely low levels of stress, masonry
exhibits linear elastic behaviour, and after crack formation, high
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non-linearity is observed, causing stress redistribution through
uncracked materials (Bui et al., 2021). Increasing masonry bond
tensile strength has a significant impact on transverse strength, as
well as compressive and shearing strengths. Tensile splitting of
the materials due to axial loading, rather than crushing or shear,
is the most common type of compression failure (Kuddus &
Fabregat, 2017). Out-of-plane failure mechanisms are prevented
when the walls are not too thin and the connections between
the floors and walls are appropriate. Masonry with sufficient
strength at the corners and tension-resistant horizontal ties or
bands are used to make the connections, and the masonry wall's
in-plane shear capacity can then be utilized. The stiffness of
walls degrades continuously under in-plane mechanisms after
significant stiffness and strength loss, and the wall's gravity
load-carrying capacity is eventually compromised, resulting in
the structure's complete collapse due to the following reason:
*  Mortar joint failure: this is common in masonry when the
average compression is low.
e Shear tension failure of the unit: this occurs in masonry for
intermediate average compression values.
*  When the masonry's average compression is close to its uniaxial
compressive strength, crushing failure occurs (Rai, 2017).

4.4 Compressive Strength of Masonry Block Wall

The compressive strength of the mortar influences masonry
strength, significant variation in mortar strength causes variation
in masonry strength (Nalon et al., 2022). Mortar is made up of
fine aggregate and binders that, when mixed with a small amount
of water, form a workable and adhesive mixture (Nalon et al.,
2022). When calculating masonry compressive strength, several
variables must be considered, including the thickness of the
mortar joints, the height of the unit and its smaller horizontal
dimension, the orientation of the unit concerning the direction
of load application, and the strengths of the mortar and units.
Many factors, both individually and in combination, indicate
the difficulty of determining the masonry strength precisely.
Masonry structural design necessitates a thorough understanding
of the behaviour of the mortar and units assembled to withstand a
variety of load conditions. The use of various types of blocks and
mortar influences the behaviour of structural masonry elements
significantly (Parsekian et al., 2012). Masonry compressive
strength is heavily influenced by block type, to a lesser extent
by labor, and even less so by mortar type. The masonry's typical
resistance to compressive loads is influenced by the unit's
characteristic strength, the specified mortar used if the masonry
is mortared, the shape of the unit, the thickness of the mortar
joints, and the craftsmanship (Rai, 2017).

Masonry is constructed of two very distinct materials with
extremely different mechanical properties: the stiffer block and
the relatively malleable mortar, to which grout and reinforcement
are added as necessary. Masonry has a very low tensile strength
due to the regular distribution of various elements and the brittle
connection between them. As a result, widely used unreinforced
masonry should be expected to withstand compression loads.
Under compression, masonry has three major modes of rupture
depending on the relationship between the mortar's and the
block's compressive strength:

a) When the mortar is very weak in comparison to the block,
the masonry capacity is limited by the strength of the mortar,
which usually fails by crushing.
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b) When the mortar is moderately strong, the masonry capacity
is determined by a combination of the compression and
tension strength of the block, which typically fails due to
lateral tension.

c¢) When the mortar is stronger than the block, the block's
compressive strength limits masonry capacity.

Consider compressive strength as important property when
designing masonry walls in a variety of loading scenarios. Several
previous research studies on concrete hollow block masonry
compressive behaviour have been conducted (Barbosa et al.,
2010, Fortes et al., 2015), Thamboo & Dhanasekar, 2016, Zahra
et al., 2021). Several provisions in masonry design standards are
also described to predict the axial compression strength of concrete
block masonry (Zahra et al., 2021, AS 3700, 2001). When it
comes to predicting masonry compressive strength, however, there
are differences between the standards. According to Rai, (2017)
construction practices, geometry, the bond between the grout and
the block, and other elements, all have an impact on how effectively
grouted masonry works. Additionally, grouted masonry may be
less effective than ungrouted masonry because the compressive
strengths of ungrouted and grouted masonry varied depending on
the materials employed (Atamturktur er al., 2017). Dry-stacked
concrete masonry unit compressive strength and interface roughness
with varying strengths were investigated. They concluded that
interface roughness has a substantial impact on load-displacement
behaviour and ultimate dry-stacked assembly capacity.

Concrete hollow block compressive strength is significant
for two reasons: first and foremost, the greater the resistance,
the longer the durability; second, the strength of the block is
critical in structural masonry for compressive strength of the
structural element, together with the appropriate mortar and
grout specifications in terms of net area, with international
standards requiring a minimum compressive strength of 10 MPa.
Masonry structural design necessitates a thorough understanding
of mortar and unit assembly behaviour to withstand a range of
load conditions. The use of various types of blocks and mortar
influences the behaviour of structural masonry elements. The
compressive strength of masonry is the governing mechanical
property in structures that contain these elements. Mortar strength,
unit strength, mortar-to-unit strength ratio, the relationship
between unit height and smaller horizontal dimension, unit
orientation relative to load application direction, and mortar
joint thickness all have an impact on masonry compressive
strength (Rai, 2017). Even though masonry compressive
strength is primarily influenced by masonry unit properties and
the interfacial bond between masonry units and mortar, as well
as the joint mortar, masonry unit moisture content at lazing,
mortar thickness, masonry prism slenderness, workmanship, and
other factors all play a role (Sajanthan ez al., 2019). Bennett et
al., (1997) was suggested to use a straightforward equation to
compare the compressive strengths of bricks with masonry, with
masonry compressive strength being equal to 0.3 times brick
compressive strength. However, most of the other empirical
expressions also consider mortar strength.

4.5 Tensile Strength of Concrete Hollow
Block Wall

The tensile strength of the block is frequently the weak point of
masonry under vertical loads, it is critical to avoid cracking. The
tensile strength of a concrete block should be 10% to 15% of its
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compressive strength; this method yields approximately 120%
direct tensile strength (Tennant et al., 2016). Concrete block
masonry will shrink over time, just like any cement product
if shrinkage is not managed, cracks can form, particularly in
long walls. Extreme wall shrinkage can have an impact on the
performance of other elements in the building, the amount of
cement used, the type of aggregate used, and the environmental
relative humidity all influence shrinkage deformation (Parsikian
et al. 2019). Most of the shrinkage occurs during the steam
curing process in the factory and shrinkage occurs more
frequently in blocks that have only been moist cured. Units that
have not been steam-cured for at least 28 days are therefore not
recommended. Lightweight blocks shrink more than regular-
weight blocks (from 0.04 to 0.08 percent) (from 0.02 percent
to 0.05 percent). When wet blocks are used to build a wall, they
expand and contract significantly after drying. The likelihood
of shrinkage and pathologies increases when walls are laid wet,
therefore, before installation, the concrete hollow block should
not be wet (Inst., 1985). Masonry unit properties, mortar strength
properties, loading eccentricity, all boundary conditions at the top
and bottom of the wall, with the wall slenderness ratio (the ratio
of effective height divided by effective thickness or effective
length divided by effective thickness, whichever is greater) are
considered (Amalkar et al., 2020). These are the elements that
contribute to a masonry block wall's strength, in addition to the
previously mentioned factors, workmanship has a significant
impact on masonry strength (Udi et al., 2020). All the variables
mentioned above changed during the construction and testing
of full-scale wall panels, and a more realistic understanding of
load-bearing masonry structural design was obtained, masonry's
load-carrying capacity is typically measured in three ways:

e Tests on masonry components,

e Tests on masonry prism, and

e Full-scale wall specimens were subjected to tests.
Full-scale wall testing may provide a more realistic understanding
of masonry performance because it considers all the preceding
factors, plus the effect of masonry numerable joints (both vertical
and horizontal). It is always best to create a full-scale masonry
model that can be tested in real life when modeling any structure
or element.

4.6 Flexural Bond Strength

Hardened mortar's most significant physical property is its
flexural bond strength. The mortar's bond strength to brick
units allows lateral loads to be transferred to veneer anchors in
veneer applications. The bond influences the overall strength
of the wall's ability to withstand lateral and flexural loads in
load-bearing applications. Bond strength is influenced by block
texture, suction, air content, water retention, the pressure used to
form the joint, mortar proportions, and curing methods (Notes,
2020). Bond strength, also known as flexural strength, is a
significant property that influences the structural performance of
masonry walls, particularly when subjected to lateral loads such
as winds and earthquakes. The penetration of cement hydration
into the surface bond strength between the mortars determines
masonry and the masonry units. Hamid & Drysdale, (1988)
reported that, filling the hollow block cores with grout resulted
in very significant increases in the bed joints' normal flexural
tensile strength. These strengths were significantly greater than
the 100% solid units built in block work.
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In a study by M. Martinez and S. Atamturktur, (2018) and
Martinez & Atamturktur, (2019) on masonry walls under flexural
with various parameters; grout strength, reinforcement masonry
unit, and grout place, according to them, converting partially grouted
walls to fully grouted walls increased the ultimate load capacity.
The grout's compressive strength was increased, which increased
the prism's ultimate lateral load capacity. Tennant et al., (2016)
conducted research, they tested flexural with cement-stablisation
soil blocks specimens, parallel to the bed's joints failed when the
flexural strength test exceeded the bond strength with the masonry.

4.7 Suction Rate of Masonry Unit

When compared to clay and calcium silicate units, concrete
hollow blocks have the highest suction rate. In practice, the initial
suction rate is used to measure the surface porosity of the unit,
capillary action is used to transport water from the mortar to the
unit, affecting the unit-mortar bond (Inst., 1985). When mortar
bonds are laid, they have an initial absorption rate of 30 g/min/30
inc? (30 g/min/194 cm?) or less. If the initial rate of absorption of the
brick is greater than this value, it should be wetted for 3 to 24 hours
before lying down. The surface should be dry when laying a wetted
block in a mortar (Borcheltl & Melande, 1999, Walker, 1996).

4.8 Unit Concrete Hollow Block and

Mortar Interaction

Concrete hollow block mortar must be sufficiently durable to
withstand relevant micro exposure conditions for the duration of
the building's intended life, and it must not contain constituents
that can impair the mortar's or abutting material's properties or
durability. The mechanical and geometrical properties of the
units, with the bond strength between the units and the mortar,
all influence masonry behaviour (Venkatarama Reddy & Uday
Vyas, 2008). Mortar joints between block units are critical
in determining masonry behaviour, but they are frequently
regarded as weak points (Dhanasekar, 2010). Hydrated lime
and/or Ordinary Portland cement (OPC) are two common
binder elements in mortar formulations. Water is required to
achieve the desired workability, the most important intrinsic
factor affecting the characteristics of fresh mortar, along with
those of hardened mortar and the combination is the removal or
migration of water. The parameters of the masonry unit-mortar
interface are influenced by the removal or movement of water
from the mortar bed. Changes in moisture cause the mortar and
masonry components to shrink and swell, and the temperature
has an impact on joint quality. Several factors related to both
the unit and the mortar influence the variation in suction caused
by the collision of a masonry unit and new mortar. The mortar
may hold little or no water in some cases, while in others, the
masonry unit absorbs all the water. Suction affects the mortar
bond's strength and porosity, as well as its water tightness and
other properties, the water present after suction, rather than the
initial water content of the mortar determines its strength.

5.0 MORTAR

5.1 The Role of Mortar

Mortar is typically specified to meet ASTM C270 (Gheni et
al., 2017) and in a masonry assembly, mortar is the glue that
holds the bricks together. Mortar must be strong enough to hold
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the masonry together while also aiding in the formation of a
water-resistant barrier. Furthermore, when mortar is applied, it
accounts for both dimensional variations and blocks physical
properties. The mortar ingredient composition, proportions, and
properties all have an impact on these requirements (Hendry,
2001). The shape of the mortar and grout has a large influence
on the wall's tightness. Low-strength, easy-to-apply mortars will
form a more weatherproof seal at the mortar/block interface. It
is worth noting that the compressive and tensile strengths of the
mortar must be less than those of the block (Rai, 2017). Masonry
failure is caused primarily by the masonry units; therefore, strain
compatibility for the physical interface is required (Chourasia
et al., 2019). Tensile cracking in the joint causes the masonry to
fail if the block is more powerful than the mortar, the masonry
will develop a vertical crack. Shear failure of the bond at the
block mortar interface, resulting in tensile splitting. The block
would crumble rather than split if it were tougher than the mortar
(Sajanthan et al., 2019). The strength grade of mortar is the most
common way to identify it; an M12 mortar after 28 days should
have a minimum compressive strength of 12 N/mm?.

According to Euro code 6 (Kuddus & Fabregat, 2017),
masonry mortar is classified into three types: general-purpose,
thin-layer, and lightweight mortars, all of which can be designed
or prescribed. Factory-made pre-batched masonry mortars and
factory-made semi-finished masonry mortars (Types of Mortar
- Masonry Structures Eurocode - Euro Guide, n.d.). Hardened
mortar quality in designed mortars should be determined by
its compressive strength, prescription mortars, on the other
hand, use predetermined proportions for the intended use; in
prescribed mortars, adequate adhesion depends on the type
of mortar used, and the units to which it is applied determine
the result. Masonry mortar composition varies depending on
wall thickness and construction technique. For 220 mm thick
masonry walls, a richer mix of 1: 6 is used, while for 115 mm
thick non-load bearing (partition) walls, a richer mix of 1: 4 is
used, and masonry mortar thickness ranges between 10 and 15
mm (Chourasia et al., 2019). According to Bolhassani et al.,
(2016), Portland cement lime mortar type ‘S’ after 28 days
has an average compressive strength of 13 MPa and is used in
constructing concrete masonry walls. The coarse grout meets
ATSM C476 (ASTM C476: Standard Specification for Grout
for Masonry : American Society for Testing and Materials :
Free Download, Borrow, and Streaming : Internet Archive,n.d.)
specifications, with a slump test of 250 mm and an average net
of 23 MPa compressive strength.

5.2 Joint Thickness

Due to its inherent properties that meet the various requirements
of both exterior and interior walls, concrete hollow block is a
popular building material. While these are the most important
reasons for the popularity of concrete hollow block, performance
should not be overlooked. Like any other construction system,
the field performance of a concrete hollow block wall system
is heavily influenced by design decisions. When crack control
measures, such as control joints, are used correctly, they can help
ensure that the concrete hollow block performs satisfactorily.
Control joints are one method of alleviating horizontal tensile
stresses caused by shrinkage of concrete hollow block units,
mortar, and grout; they are vertical planes of weakness with
high stress built into the wall to allow for shrinkage-induced
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longitudinal movement. A bond break is formed by using a
backer rod and sealant to replace all or part of a vertical mortar
joint, these seals the joint while allowing for slight movement.
Joint reinforcement and other horizontal reinforcement at control
joints should be avoided unless structurally necessary, as they
limit horizontal movement (Scutaru, 2018).

General purpose and lightweight mortar beds and
perpendicular joints should be not less than 6 mm thick and not
more than 15mm thick, whereas thin-layer mortars should be not
less than 0.5 mm thick and not more than 3mm thick (Zahra et
al., 2021). The failure mode or mechanical properties of prisms
built with strong mortars were unaffected by variations in joint
thickness ranging from 5 to 20mm (Nalon et al., 2022). Vertical
control joints in concrete hollow bock wall are only required when
control joints are required. When using materials with different
movement properties, such as concrete and clay masonry, the
movement difference must be accounted for in the design.

5.3 Water Retentivity

Water retentivity refers to a mortar's ability to retain water against
suction and evaporation, in general, it is an indirect measure of
mortar workability (Notes, 2020). Unless an absorptive concrete
hollow block unit is used, mortar should be able to withstand
the rapid loss of mixing water to the atmosphere on a dry day
(this prevents loss of plasticity). Because water loss stiffens the
mortar, weather-tight joints are impossible to achieve. A water-
retentive mortar long enough to remain soft and plastic to allow
concrete hollow block, units must be precisely aligned, leveled,
plumbed, and adjusted to the proper line without breaking the
mortar's intimate contact or bond with the unit (Bindiganavile
et al., 2016). Split blocks, for example, are low absorption
units, and may float when they meet a mortar with a high water
retentivity. As a result, a mortar's water retentivity should be
within acceptable limits. Water improves mortar workability;
entrained air, extremely fine aggregate, or cementitious materials
improve not only the mortar's workability or plasticity but also
its water retentivity.

5.4 Workability

Due to similarities between mortar and concrete materials, the
most misunderstood aspect of concrete hollow block mortar is its
water content. Many designers make mistake of assuming that
mortar specifications are the same as concrete specifications,
especially in terms of the water/cement ratio (Bindiganavile
et al., 2016). Numerous specifications specify that the mortar
should be mixed with as little water as possible while remaining
workable, and they prohibit retempering the mortar while it is
being constructed. The compressive strengths of mortar mixed
and placed according to these specifications are more excellent,
however, the bond strengths are weaker. The maximum bond
strength within the mortar's capacity will be provided by mixing
the mortar with the most amount of water consistent with
workability (Hendry, 2001).

5.5 Failure Criteria

The strengths and strains to be uniform at the materials' contact,
the connection between the blocks and the mortar is crucial.
Complex stress conditions act on the components because of
adhesion and strain equality. A triaxial compressive condition
known as confinement is applied to mortar when it is more
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deformable than the block. Its mechanical characteristics,
compressive strength, and elastic modulus make mortar a useful
confining material that prevents free expansion. Mortar behaves
differently when compressed than when it is simply compressed,
for example, is modified therefore, the confining modifies the
masonry system performance (Khalaf ez al., 2015, G. Mohamad
et al., 2015, Hayen et al., 2004). Tensile stress in the block
or mortar joint crushing, which happens when mortar hits its
confining strength limit, can cause masonry to fail. Therefore,
the proportions of the mortar mix and the block be comparable to
prevent failure due to tensile stress in the block. The mortar has a
significant impact on the behaviour of the masonry when the joint
crushing failure occurs, without lowering the failure load (Nalon
etal.,2022). In prisms built with low-strength mortar, the mortar-
block connection had been severed. According to Parsekian et al.,
(2019) and Fonseca et al., (2019), because of tension in the block
shells, the grouted prisms failed while the grout cores remained
intact, and the components acted in a non-homogeneous but
uniform manner. High-strength concrete hollow block grouted
prisms were compressed, and the hollow prism failed because
of vertical cracks and block crushing close to the mortar joint,
whereas vertical cracks and debonding of concrete hollow
block and grout caused the grouted prism to fail (Thaickavil
& Thomas, 2018). Masonry prisms made of cement-stabilized
pressed earth bricks and burnt clay bricks were investigated for
their behaviour and strength. Because of the outward bursting
force caused by Poisson's effect on the composite specimen, they
discovered vertical cracks in the middle of the specimens in their
experiment. They also discovered that masonry unit strength and
the strength of masonry prisms were significantly influenced by
mortar strength. In addition, the masonry unit's volume fraction,
the bed joint's volume ratio to mortar, and the specimen's height-
to-thickness ratio were all calculated, all influenced the masonry
prisms' strength. This occurrence has been confirmed by G.
Mohamad et al., (2007), in the investigation of the tested prism
with various block strengths and four types of mortar. Masonry's
nonlinear behaviour is primarily due to the mortar, and different
types of mortar cause masonry prisms to fail in different ways.

6.0 CONCLUSIONS

Cement concrete hollow blocks are becoming more popular than
traditional building materials like bricks and stones because the
air space in the block accounts for 25% of the total area. Hollow
blocks enable thinner walls, resulting in more floor space; this
saves material and lowers construction costs. Additionally, it
speeds up the building, conserves steel and cement, and lowers
labor expenses on the project site. These blocks help masonry
structures lose weight naturally while also improving physical
properties, noise reduction, and thermal insulation. They also
have areas where electrical conduits, water pipes, and soil
pipes can be hidden. Masonry hollow blocks can be used to
build load-bearing and non-load-bearing walls, depending on
the material's compressive strength. If cost reductions over
alternative materials can be accomplished, masonry hollow
blocks seem to have a bright future in the construction sector.
The appropriate experimental procedures have been done to
achieve the objectives of this study. The characteristics of hollow
concrete blocks and mortar are known based on the results. The
conclusions are listed below:
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The compressive strength for a masonry hollow block is
8.39 MPa at 28 days which does not pass the specifications
for it to be a load-bearing unit. The standards state that
the compressive strength must exceed 7 MPa for it to be
qualified as a load-bearing unit. The compressive strength
of mortar is approximately 21.34 MPa at 28day is also in
accordance with the specification.

The masonry hollow concrete blocks are considered dense
due to their dry density values that exceed 1500 kg/m?>.

The water absorption rate of masonry blocks is lower than that
of ordinary concrete blocks as the former has low permeability.
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ABSTRACT

In the contemporary era of Malaysia's rapid modernisation, a multitude of construction and urbanisation projects are underway,
particularly in urban areas. As Malaysia strives to achieve its modernisation goals and join the ranks of developed nations, it
is imperative to prioritise and mitigate noise emissions stemming from these construction and urban development endeavors.
Urban regions characterised by residential, commercial, educational zones, construction activities, and heavy traffic congestion
often experience elevated noise levels. These multiple sources of noise have a detrimental impact on the health and well-being
of the surrounding communities. The primary objectives of this study are to assess noise levels in areas near construction sites
(specifically the Light Rail Transit (LRT) project), as well as away from construction sites, and to gauge the extent of noise
disturbance experienced by the community. Additionally, the study seeks to measure the community's awareness of the effects
of noise pollution. The chosen study areas encompassed the LRT-3 Shah Alam line construction site (coordinates: 3° 4'2.50
"N, 101°29'22.12 "E) and the non-construction site in Seksyen 9 (coordinates: 3°05'17.80" N, 101°31'24.42" E). Two methods
were employed for data collection: first, the measurement of noise levels at the study areas using the Decibel X smartphone
application, and second, the distribution of a questionnaire survey to the community residing near the construction site.

The questionnaire aimed to evaluate the impact of noise pollution and the community's acceptance of noise emissions from
the construction site. The findings revealed that the Equivalent Continuous Sound Pressure Level (LAeq) at the LRT-3 Shah
Alam line construction site exceeded the permissible equivalent noise level (65 dB (A), registering at 83.44 dB (A) during
weekdays and 74.82 dB (A) during weekends. In contrast, at the non-construction site in Seksyen 9, the LAeq remained below
the permissible limit, with values of 54.13 dB (A) during weekdays and 4942 dB (A) during weekends. The questionnaire
survey indicated that a majority of the community living near the LRT-3 construction site were significantly disturbed by the
construction activities and the additional noise stemming from vehicular traffic, given the site's proximity to a university.
Respondents reported suffering from various effects of noise pollution, including headaches, stress, insomnia, diminished focus,
and increased stress levels. The community expressed a consensus that raising awareness about the impacts of noise pollution
from construction and urbanisation areas is essential, and they called upon the government to play a pivotal role in regulating
noise emissions.

Keywords: Community Awareness, Noise Level, Noise Pollution

1.0 INTRODUCTION

In the new era of development, the demand for modern
vehicles, buildings, highways, and many more facilities has
risen. Therefore, many development activities are being done
worldwide including Malaysia. One of unexpected effect of
development is pollutions. Noise is one of the types of pollution
people have to deal when living in urban areas. The source of
noise pollution in urbanise areas may come from vehicles and
also from construction projects for new development areas.
Noise emission from construction and urbanisation projects
also trigger as one of the causes of noise pollution (Feng et al.,
2020). The usage of bulldozers, trucks, piling machines, and
other equipment in construction produces an elevated level of
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noise. As stated by the National Institute of Deafness and Other
Communication Disorder, “long or repeated exposure to sound
at or above 80 decibels can cause hearing loss” (Daniel, 2017).
The human auditory system lies in the frequency range of 20Hz
to 20 kHz (Gorai & Pal, 2006).

Noise pollution can cause direct or indirect results on
physical health such as directly caused hearing impairment. For
example, humans will experience abnormal loudness perception
and tinnitus (Millar, 2020). The quality of sleep will also be
affected when someone is exposed to noise pollution. They
will have difficulty falling asleep or are inability to stay asleep.
Each task in construction uses a different type of machinery.
The sources of noise pollution are motorised vehicles, crowds,
concerts, fireworks, etc. A construction project is also one of the
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sources of noise pollution. Construction activities such as filling,
cutting, site clearance and excavation produce a high level of
noise because it is linked to the machinery used (Haron et al.,
2012). Therefore, the noise production is different in accordance
with equipment use. Since Malaysia is a developing country,
there are a lot of construction projects in this country especially
urban areas. Noise pollution level should be compared with the
Guidelines for Environmental Noise Limits and Control (as shown
in Table 1) to measure whether exceed permissible limit or not.

Table 1: Recommended Permissible Sound Level (LAeq)
Receiving Land Use for Existing Built-up Areas
(DOE, 2019)

q.q LAeq Day LAeq Night
I LA (7.00am— | (10.00 pm—
gory 10.00 am) 7.00 am)
Low Density Residential,
Noise Sensitive Receptors,
Institutional (School, U BRI
Hospital, Worship)
Suburban and Urban
Residential, Mixed 65 dBA 60 dBA
Development
Commercial Business 70 dBA 65 dBA
Zones
Industrial 75 dBA 75 dBA
Zones

However, pollution must be controlled for the safety of
human and ecosystem well-being. For this study, the project
of Light Rail Transit 3 (Shah Alam — Klang) was chosen as
study area because the project is located close to residential
area, educational and commercial area. This study will measure
whether noise emission from construction projects contributes a
huge amount of noise to the environment or not. The objectives
of this study are to evaluate the noise level for area near to the
construction site and away from construction site and to measure
awareness of the community on the effect of noise pollution.

2.0 METHODS

Essentially, two research methods were selected: 1. Utilising the
Decibel X smartphone application to measure noise levels, and
2. Employing a questionnaire as a tool to gauge both the extent
of noise disturbance experienced by the community and the
community's awareness of the consequences of noise pollution.

2.1 Decibal X Application

The noise level in these two locations was measured by using
Decibel X application on smartphone. This application was rated
3.9 stars by the users. It has day and night features where it is safe
to use the application during nighttime or when the user wants
to experience dark mode. The application is already calibrated,
and the data collected will be save in the history. Decibel X
offers frequency weighing filters such as A, B, C, ITU-R 468,
and Z. Moreover, the application is also compliant with NIOSH
and OSHA standards. The data collected for noise levels in both
study areas, namely the LRT-3 construction site in Section 7 and the
non-construction site in Section 9, Shah Alam were compared
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to the Guidelines for Environmental Noise Limits and Control.
The selection of these study areas was based on their proximity
to commercial, residential, and educational zones. The data
sampling occurred during the months of March and April 2022,
coinciding with ongoing piling works at LRT-3 construction site.
Data collection for the LRT-3 project encompassed areas near
both roadways and machinery zones. In contrast, data collection
near the roadside was confined to Section 9, Shah Alam, Selangor.

It is crucial to acknowledge that this study may be subject to
potential human error, primarily due to the need to measure the
distance from the noise source to the collection point. For the
evaluation of noise pollution levels and identifying contributing
factors, three daily sessions were conducted on both weekdays
and weekends in the selected study areas. Data samplings were
consistently obtained from the same locations during each
session. These sessions took place at specific times: from 7:30
a.m. to 8:30 a.m., coinciding with the morning rush as people
commute to work and construction activities commence; from
11:30 a.m. to 12:00 p.m., during peak traffic hours; and from
4:00 p.m. to 4:30 p.m., as people return home from work. The
Equivalent Continuous Sound Pressure Level (LAeq) in the
study areas was calculated using the equation:

Lieq = 10log R4Z(10)4/10 (¢) ¢)

Where, n is the total number of samples take, L; is the noise
level in dB(A) of i"*sample and t; is the fraction of total sample time.

2.2 Questionnaire Survey

A set of questionnaires was established to evaluate the awareness
of community on the effect of noise pollution. Table 2 shows the
summary of the questionnaire. The questionnaire consists of two
sections which are A and B. The questionnaire was distributed to
the community in the study area through both offline and online
methods. Online distribution was primarily conducted through
WhatsApp and social media.

Table 2: Summary of the Questionnaire for the Community

Section Related Question

Section A consists of the respondent’s
A background information which includes
gender, age group and ethnicity.

Section B consists of the respondents’
knowledge on the definition of noise pollution,
its sources, whether the respondents are
disturbed by the noise, and at what time
usually they experience noise pollution.
Therefore, the aim of this section is to create
awareness of the sources of noise pollution.

B By conducting this survey, it strengthens the
evidence of noise emission from construction
projects can be harmful to humans and the
environment. This section also consists of the
respondent’s perception towards the noise
pollution issues particularly the noise emission
produced from the construction site and
urbanisation area.
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2.3 Data Analysis Using SPSS

Statistical Package for the Social Sciences (SPSS 2019) version
26 was used for analysis of the questionnaires. Descriptive
analysis was used to analyse the demographic of respondents in
Section A, whereas reliability test or Cronbach’s alpha was used
to test the questions that contain Likert Scale in the questionnaire
in Section B.

3.0 RESULTS

This section shows the analyses obtained from the recorded noise
level and questionnaires survey. The noise reading from both
study areas was compared to the Guideline for Environmental
Noise Limit and Control and from questionnaires were analysed
using SPPS software.

3.1 Noise Level

The noise level was measured during weekdays and weekend at
LRT-3 construction site at Seksyen 7 and non-construction site
at Seksyen 9 is located at Sekolah Menengah Kebangsaan Seksyen
9.Table 3 shows the comparison between L, at the study areas
and permissible L, by Department of Environment.

Table 3: Comparison between L., at the Study Areas
and Permissible L., by Department of Environment

Suburban Seksyen 7 Seksyen 9

and Urban

Residential | Weekday | Weekend | Weekday | Weekend
Mixed

Development,

Lie 83.44 dB | 74.82dB | 54.13dB | 49.42 dB
65 dB (A) (A) (A) (A) (A)

The Department of Environment sets the allowable LAeq
(Equivalent Continuous Sound Pressure Level) for suburban and
urban residential mixed development at 65 dB (A). Any noise
exceeding this permissible equivalent noise level is deemed
detrimental to nearby communities, as it can harm the human
auditory system, elevate blood pressure, and disrupt sleep
patterns. The data in Table 3 shows that at the LRT-3 Shah
Alam line construction site, the LAeq exceeds the acceptable
equivalent noise level, reaching 83.44 dB (A) on weekdays and
74.82 dB (A). This clearly indicates that the primary contributors
to noise pollution in the study area are heavy traffic (Mohd Isa
et al., 2018) and construction activities, as noted by Kantovd in
2017. In contrast, the study conducted at the non-construction
site in Section 9 recorded LAeq values below the permissible
limit, measuring at 54.13 dB (A) during weekdays and 49.42 dB
(A) during weekends. Therefore, the measurements indisputably
highlight that construction activities are a significant source of
noise pollution in the study area.

3.2 Sources of Noise Pollution and Awareness of the
Community on the Effect of Noise Pollution

A total of 172 individuals, comprising local community
members such as UiTM and UNISEL students, workers from
commercial areas and residents living near the LRT-3 construction
site, participated in the questionnaire survey. Based on SPSS
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analysis, the highest frequency of respondents responded
to the questionnaire were female at 51.7% more than male
respondents. Highest age of the respondents was between
20-30 years old (64%). The mode of race of respondents
was Malay, 79.7% compared to China and India, which are
12.2% and 5.8% respectively. Section 7 is situated near to the
educational, commercial as well as residential areas. Based
on the questionnaires analysis as shown in Figure 1(a), 133
respondents have chosen noise pollution is coming from
vehicles. Based on Figure 1(b), 55% of respondents agreed noise
from LRT-3 construction is definitely disturbing the community.
As been mentioned by Geetha & Ambika, (2015) noises from
construction sites are from diesel power generators, cutting and
wielding procedures, heavy machinery, material transit, and
equipment condition. Based on the reliability test (Cronbach’s
alpha), the value of Cronbach's Alpha is 0.657, indicating that
the survey data is acceptable and reliable.

140

120

100

80

60

40

20 . .
0

Vehicles Construction Fireworks

project

People Animals

Figure 1(a): Major Sources of Noise Pollution in
Seksyen 7, Shah Alam

Definitely not

Probably not 4%

Possibly

Probably

e —

Figure 1(b): Noise Disturbance from LRT-3 Construction Site

Based on Figure 1(b), 55% of respondents agreed noise
from LRT-3 construction is definitely disturbing the community.
Section 7 is known as a commercial area as well as residential area
where the shophouse is rented by most of the students from UiTM
(Universiti Teknologi MARA) Shah Alam and other universities.
28% of respondents agreed that noise from LRT-3 construction
is probably disturbing, while 13% agreed that noise is possibly
disturbing the community. However, only 4% of the respondents
agreed that noise from LRT-3 construction is probably not
disturbing to the community because the respondents are not live
nearby to the active construction site.

Table 4 shows 109 respondents out of 172 respondents were
from age range 20-30 years old. 68 respondents from age range
20-30 years old agreed that noise pollution have caused headache
and 74 respondents cannot focus on what they are doing due to
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the loud noise. On the other hand, 4 respondents from age range
20-30 years old claimed there is no disturbance even when they are
facing the noise pollution. 9 out of 109 respondents from this age
range suffered from hypertension even they are still young. The
risk of developing hypertension in younger adults is enhanced by
the rising incidence of classis risk factors in the young such as
obesity, diabetes mellitus and renal illness (Mammoser, 2017).
For respondents at age range between 31-40 years old, 5 out of
34 respondents claimed that they suffered from insomnia due
to the loud noise occurs near to their residential area. Most of
the respondents agreed that they feel stressed and suffered from
headache whenever noise pollution occur. For the age range 51-60
years old, 4 out of 5 respondents agreed that they suffered from
hypertension. It shows that the older the age, the more they can
resist with the noise pollution.

Urbanisation
Construction

0 20 40 60 80 100 120 140

| Strongly agreed Agreed Undecided mDisagreed M Strongly Disagreed

Figure 2: Respondent’s Awareness on the Impact of Noise Pollution
in Construction Sites and Urbanisation Area

As shown in Figure 2, most of the respondents strongly
agreed that Malaysia government should improve the awareness
among community on the impact of noise pollution from
construction and urbanisation area to their life. The construction
site located near to the commercial, residential and educational
areas should have a noise control plan such as installation of
a noise barrier in order to preserve the health condition of the
community, especially in the urban area.

4.0 CONCLUSIONS

The results of this study clearly demonstrate that the LAeq
(Equivalent Continuous Sound Pressure Level) exceeds
permissible Environmental Noise Limits and Control standards
at the construction site area compared to non-construction
sites, both on weekends and weekdays. The primary sources
contributing to noise pollution in the study area are heavy traffic
and construction activities. The findings from the questionnaire
survey also indicate that a majority of respondents attribute the
main source of noise to vehicles and construction activities. It
can be inferred that the community has experienced various
adverse effects of noise pollution, including headaches, stress,
insomnia, and hypertension. Additionally, the community
expressed agreement that the Malaysian construction industry
should take measures to reduce noise emissions stemming
from their construction and urbanisation activities. Reducing
noise emissions is expected to enhance the quality of life for
the community. Furthermore, the government is encouraged to
enforce legal actions against construction projects that fail to
implement noise control measures, such as noise barriers at their
construction sites.

Table 4: The Age of Respondent Vs the Effect of Noise Pollution

Age and effect Crosstabulation
The effect of noise pollution
Total
No . . Cannot
Disturbance Headache Stress Insomnia Hypertension focus
Age 20-30 | Count 4 68 65 21 9 74 109
(years
old) 31-40 | Count 2 26 29 5 9 14 34
41-50 | Count 1 20 19 5 9 10 23
51-60 | Count 0 4 3 2 4 2 5
61 and | Count 0 0 0 1 1 1 1
above
Total Count 7 118 116 34 32 101 172
Percentages and totals are based on respondents
a. Dichotomy group tabulated at value 1.
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ABSTRACT

The dynamics involved in sediment scour are complicated. Hence, it is a challenging task to create a general empirical
optimisation algorithm for reliable sediment load estimation. This study aims to analyse the architectures of assorted artificial
intelligence (Al) based model to predict suspended sediment load in fluvial system. An in-depth study on Artificial Neural
Network (ANN), Adaptive NeuroFuzzy Inference System (ANFIS), and Support Vector Machine (SVM) was carried out. The
goal of this study is to evaluate the performance of Al-based models from various research using statistical as well as Strengths,
Weaknesses, Opportunities, and Threats (SWOT) analyses. Three statistical measures of model prediction accuracy including
coefficient of correlation (R), root mean square error (RMSE), and mean absolute error (MAE) were used. The results revealed that
the SVM and ANFIS models outperformed the other soft computing and conventional models. It is concluded that the SVM and ANFIS
models are preferred and may be successfully used to estimate the suspended sediment concentration for the research area.

Keywords: Artificial Intelligence, Sediment Transport, Statistical Analyses, SWOT

1.0 INTRODUCTION

Sediment is usually defined as tiny particulate in the form of fine
silt and clay in nature. Sediment can exist as soil-based, mineral
substance, decomposing organic substances, and inorganic
biogenic matter in the aquatic environment. Sediment transport
is the movement of particles along with the flow of water (Pu et
al., 2021; Samantaray & Ghose, 2019).

Sediment transport is a complex issue in nature as the
sediments travel unpredictable stream wise corresponding
to the associated fluid forces. There is no fixed rule or rule of
thumb in the sediment transport prediction. Approximate all
current sediment transport formulae are based on the premise
that sediment transport can be completely represented by stream
wise parameters such as velocity or boundary shear stress, while
the parameters representing vertical motion of flow such as
water depth (pressure) variance over time and space, vertical
velocity, as well as seepage are not involved (Vittori et al.,
2020; Yang et al., 2009). In the previous research, it was found
that the aforementioned parameters could affect the sediment's
flow behaviour in terms of mobility and stability. The analysis
showed the speed of the flow can provoke upward flow or vice
versa, which may cause the erosion. In general, the combination
of joint driving forces and resistance forces are the factors to
drive sediment transport (Pektas & Dogan, 2015; Yuan et al., 2021).

40

Since the introduction of Al approaches in hydro-climatology,
there has been a significant increase in research effort in the
areas of modelling, analysing, forecasting, and prediction of
water quantity and quality (Cui et al., 2021; Khozani et al., 2020;
Mohammadi et al., 2021; Nourani et al., 2014). There are plenty
of models related to the sediment transport prediction, however
the study comparing the performance of different models is still
limited. Therefore, this study aims to investigate the performance
of the Al-based models for sediment transport prediction using
statistical and Strengths, Weaknesses, Opportunities, and Threats
(SWOT) analysis.

2.0 MATERIALS AND METHODS

2.1 Information Collection and Preparation

A comprehensive review study on the application of the Al-
based models in sediment transport was conducted to obtain
more information on the architecture framework of different Al-
based models, as well as their performance. After extracting all
the relevant information from the published journal articles, the
SWOT and statistical analyses were performed.

For this stage, the systematic review strategy was
implemented. The procedure started with framing questions for
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a review, followed by identifying the relevant work. The main
research question for this study is “what are the available Al-
based models in sediment transport prediction and their respective
performance”. Hence, the keywords for information searching
were narrowed down to “Al-based models in hydrological
application”, “sediment transport prediction model”, “SWOT
analysis in prediction model”, etc. After having the keywords,
the relevant studies were searched, identified and reviewed.
Nevertheless, only the studies matching with certain criteria was
selected for further analysis, i.e. it matches with the minimum
acceptable level of prediction accuracy, it is specifically for the
sediment transport prediction study, etc. The last step in this
stage is the findings interpretation using the SWOT and statistical
analyses (Huai et al., 2021; Wallwork et al., 2022).

2.2 SWOT Analysis

SWOT analysis is a kind of assessment to examine the
performance of the Al-based model in this study. A SWOT
analysis is a tool that is widely used to aid in the identification
of strategic strategies for an entity or activity. It is recommended
for this study because it provides valuable knowledge about the
potential feasibility of the method under consideration. SWOT
analysis is very useful at the model's front end for assessing
environmental factors in performance analyses and gauging the
level of expertise, talents, attitudes, abilities, and environmental
support in cause analyses (Stolovitch & Keeps, 2006). SWOT
analysis contains internal environment and external factor.
The internal environment decides a system's strengths and
weaknesses, while external factors dictate opportunities and
threats. Figure 1 shows the overview of the SWOT analysis.
Strength can be defined as any accessible resource that can
be used to boost the efficiency of overall performance (Panigrahi
& Mohanty, 2012). Strength can be classified as an internal factor
like the structural component of an Al-based model including the
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Figure 1: SWOT Analyses Chart
(Panigrahi & Mohanty, 2012)
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parameters and algorithms. Strength defines the resources and
capabilities of system, which can provoke the further development
(Panigrahi & Mohanty, 2012). The strength of the Al- based model
is also based on the presence of regulatory authorities to ensure
that the law is followed throughout the related field.

Weaknesses are defects or deficiencies in any structure that
can result in a loss of competitive advantage, productivity, or
financial capital (Panigrahi & Mohanty, 2012). Therefore, the
approaches aiming for improvement should be proposed to
minimise the effect of the weakness. This can be achieved by
reviewing more journal articles with critical observation.

The relationship between calculated parameters and
algorithm stems from the model's strengths and limitations in
the field of sediment transport prediction, which may present
opportunities and threats. Opportunities are a confluence of
various conditions at a given time that have a favorable outcome
(Stolovitch & Keeps, 20006). It is external factors that contribute to
the development and brings a good impact to the overall system.
Some parties may take benefits at a certain time and situation but
cannot be “made” on-demand. Identification of opportunity is
worth for the improvement on the model performance.

Threats are described as something that could harm your
business, venture, or product (Stolovitch & Keeps, 2006). The
threats are detrimental and similar to opportunities because there
is no way to prevent or control them from occurring. However,
an appropriate analysis could handle and interact with them with
ease. Unpredictable threats may affect the performance of the
Al-based model and show important effects when anticipation
is prepared.

2.3 Statistical Analysis

On the other hand, the model evaluation is an essential step
to test the accuracy or reliability of a model in performing the
prediction. In this study, three statistical indicators were chosen
for the analyses purposes and comparison, which are correlation
coefficient (R), root mean square error (RMSE), and mean
absolute error (MAE). The equations for R, RMSE, and MAE
are as shown:

— nYxy-XxiXYi (1)
JnExt-@x? nzyi-Eyi

RMSE = /%Z(yi -x)’ 2)

MAE = Z]y;—xil (3)

where n is the number of data pairs, x is the observed
variable, y is the predicted variable.

3.0 RESULTS AND DISCUSSION

3.1 Statistical Analyses

Table 1 displayed the statistical performance of the 5 selected
models related to sediment transport. The effectiveness of
the studied Al-based models is investigated statistically by
evaluating and comparing selected statistical parameters, which
are R, RMSE and MAE. These statistical parameters were chosen
because they are widely utilised to analyse the errors associated
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in model as goodness of fit between the measured and estimated
values. R is a statistical term used to measure the strength in
anticipated values that follow the correct trends in the past. In
short, it is a measurement of predicted values matching with the
observed data from a forecast model. Meanwhile, RMSE can
determine the sample variance of errors independently. The model
performs better with a smaller RMSE. MAE shows the average of
the individual prediction errors. Basically, the greater value of R that
is closer to 1 represents better performance of the model. In contrary,
a smaller RMSE and MAE indicates a better model performance.
In general, all the models have R value greater than 0.90.
SVM-RBF model has highest R value of 0.994 among the
others. It is then followed by the ANFIS models with values of
0.9879 (ANFIS-PSO) and 0.9824 (ANFIS-BLM) respectively.
In terms of RMSE, it is ranged between 0.0010 to 0.26, where
the smallest value is recorded by SVM-RBF model. A similar
trend can be observed from the perspective of MAE, where the
smallest number of 0.0010 is exhibited by the SVM-RBF model.

3.2 SWOT Analysis

Support vector machine (SVM), adaptive-neuro fuzzy inference
system (ANFIS) and artificial neural network (ANN) are the three
basic models in sediment transport. Their strength, weakness,
opportunity and threat are presented in Table 2.

3.3 Summary

In short, SVM is attractive as it features a optimization
parameter to address the issue of computational burden that
is typical in ANN and ANFIS modelling. Second, SVM is
characterised by a quadratic optimisation method that employs

effective ways to avoid the difficulty of having local minima.
SVM gives good out-of-sample generalisation when a suitable
Gaussian kernel is used. This implies that by selecting proper
generalisation evaluation values, SVM is stable even the sample
data was bias during the training phase. Meanwhile, ANFIS was
proved to adequately manage the inconsistencies and ambiguity
of sediment concentration properly. As a conclusion, SVM and
ANFIS models has outperformed the ANN model based on the
statistical and SWOT analyses.

4.0 CONCLUSION

An assessment of several Al-based models in sediment transport
prediction, especially suspended material, was undertaken in
this study. Al-based models have yielded promising results in
estimating the phenomenon of sediment transport in rivers.
According to the statistical analyses and SWOT analyses, SVM
and ANFIS performed better than the ANN.

There are some recommendations for future works. Data
pre-processing is an important step before estimation model can
established after collecting the discharge data. The goal of pre-
processing is to eliminate undesired variation. It was noted that
the discharge is very important parameter to observe the sediment
transport properties. The dynamic behaviour of sediment
discharge changes with the flowing velocity, it is advisable to
build one more extra model based on discharge parameters.
Prediction accuracy will be improved if the categorized data
values are closed to another. Furthermore, employment of
evolutionary algorithms is better to have good global minima
and maxima prediction.

Table 1: Performance Assessment of Different AI Models in Sediment Transport

Models Sources R RMSE MAE
ﬁfffﬁﬁifg?ﬁé’n?ff ﬁ‘iﬁ?ﬁ?f; Sﬁztrf]ilazgtﬂzANFIS-BLM ) Leml, et BT O Dess LLOUEY
ggiﬂ;vggi‘fi;figfg;gﬁgﬁgS-‘;Stem AR Qasemetal, 2017 | 09879 | 02600 | 0.0570
f/[‘fl‘lﬁcgé}:;‘if g;;ﬁi&ﬁh(gﬁ&tg ﬁ_lf\%["g(gh)m ey Yadav eral, 2021 | 09650 | 0.0090 | 0.0050
(Sél\p;i/([)_rthe;:)tor Machine with Radial Basis Function DEE;EZEE ;1(1)30 0.9940 0.0010 0.0010
(Sél\r;g/‘[’_“(}\gmr WG Tt G Emsis el Yadav etal, 2018 | 09813 | 00027 | 00125

)
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Table 2: SWOT Analysis for Conventional AI Model in Sediment Transport Studies

Al SWOT Analysis
Models q
Strength Weakness Opportunity Threat
SVM Effectively solve Heavily dependent on Require proper and Consume more time
regression analysis the correct parameters multiple combination during testing phase
(Samantaray, 2019) selection (Yadav, 2018; of input variables due to complicated
Allow the use of Yadav, 2021) to generate strong combined models
non-linear function Adopt trial and error correlation between (Pektas, 2015)
in the input space method to select input and output data
through kernel function kernel functions and (Khozani, 2020)
(Khozani, 2020) hyperparameters Have a good estimation
(Nourani, 2014) on maximum value
while integrating
with gene expression
programming
(Samantaray, 2019)
Show a good ability to
predict minimum and
middle values while
implementing it with
radial basis function
(Khozani, 2020)
ANFIS Employ neural network Inconsistent during Apply different training Yield a black-box
to tune membership convergence process algorithms (Yadav, representation through
function automatically (Cui, 2021) 2018; Yadav, 2021) the network training
(Bui, 2017; Qasem, Require configurable Has high tolerance (Qasem, 2017; (Yadav,
2017) parameters to achieve against data sample 2018; Yadav, 2021)
Enhance non-linearity trial and error method errors (Bui, 2017)
between input and (Yadav, 2018; Yadav,
output hydrological 2021)
parameters through the Hard to employ
fuzzy logic concept optimisation methods
with neural network (Cui, 2021)
training algorithms Require large amount
(Cui, 2021) of data to increase
prediction accuracy
(Qasem, 2017)
ANN Achieve 90% of Implement trial-and- Employ antecedent Sensitive to the initial
prediction accuracy error method to alter discharge data weight values (Yang,
(Yang, 2009) the weights (Yang, (Mohammadi, 2021) 2009)
Synthesise machine 2009) Observe the peak Occasionally stuck by
learning techniques Require a vast amount value using daily scale local error minima to
using modelling of data during training (Qasem, 2017) reach global minimum
approach (Qasem, process (Qasem, 2017) (Nourani, 2014)
2017)
Not necessary to have
relevant mathematical
expression (Nourani,
2014)
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