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ABSTRACT 

1.  INTRODUCTION 

Due to the proliferation of greenhouse gases, the 
hydrologic cycle changes day by day, causing an abrupt 
variation in the intensity, duration, and frequency of 
rainfall events. Hydrologic processes evolve in time and 
space so that processes are somewhat predictable and 
partly random. Rainfall is a significant input to the 
hydrological system, and the rainfall information is vital in 
various hydrological studies to determine the peak runoff 
and volume. Small hydraulic structures such as culverts, 
sewers, and drainage structures in urban areas are usually 
designed based on the extreme value of the historical 
rainfall data [1]. Information regarding the annual 
maximum rainfall data is crucial for some hydrological 
studies such as depth-area-duration studies, storm analysis 
over a catchment area, flood design estimation, probability 
analysis, and intensity-duration-analysis. Therefore, it is of 
paramount importance to establish an authentic 
relationship of rainfall Intensity-Duration-Frequency (IDF) 
curve at a particular location.  
         
IDF interfaces have not been precisely established in 
several developing countries, especially the densely 
populated south-east Asian countries like Bangladesh [2]. 
Waterlogging and floods are everyday problems during the 
monsoon period because of the inadequate drainage 
systems. Notably, rapid urbanization at various parts of the 
country requires studying the drainage robustness due to 
shorter and longer-duration heavy rainfalls. In such cases, 
there is a need for reassessing the design methodology for 
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urban sewer and drainage systems based on the reliable 
shorter and longer-duration rainfall intensities. It is also 
necessary to have a new drainage design where different 
duration rainfall data are needed to overcome urbanization-
induced water logging problems.  
 
 Previous studies on the development of rainfall IDF curves 
were limited to specific regions in Bangladesh. None of the 
earlier studies have examined the rainfall IDF relationships 
for the entire country, considering different time durations 
and return periods. For example, Matin and Ahmed and 
later Rashid et al. established the IDF curves in the north-
eastern region (i.e., Sylhet region) of Bangladesh primarily 
for the rainfall durations typical for urban areas with a 
design period of 2, 10, 20, 50, and 100 years [3,4]. 
Simultaneous studies by Rasel and Hossain, and Matin and 
Mowrin developed the IDF equations and curves for the 
selected cities in Bangladesh using the Gumbel distribution 
and Log Pearson Type (LPT) III distribution methods [5,6]. 
Rahman et al. developed regional severe precipitation 
maps using the L-moment analysis system [1]. However, it 
is crucial to note that IDF curves in Bangladesh were 
generated based on relatively older sets of annual rainfall 
time series data and were prepared only for the major urban 
regions. 
 
Several statistical methodologies are available in the 
literature to evaluate the rainfall intensity from the annual 
maximum rainfall series data. Among the statistical 
techniques, the research community commonly uses 
generalized extreme value distribution (GEV), Log-

This study derives the rainfall intensity-duration-frequency (IDF) relationships for Bangladesh using the historical 
rainfall time-series data from the country's available rain gauge stations. Rainfall intensities corresponding to different 
return periods have been analyzed using a commonly used frequency analysis technique called the Gumbel extreme 
value distribution. Rainfall intensities for shorter durations (i.e., less than 24 hours) were derived using an empirical 
relation between the available daily and required short-duration rainfall time series. The results show that the rainfall 
intensity is maximum in the Chittagong division and minimum in the Rajshahi division for various design periods and 
rainfall durations. The rainfall intensity derived from the historical data of the rain gauge stations indicates that Sylhet 
and Chittagong's adjacent areas need robust stormwater infrastructures than other areas of the country. The developed 
IDF curves will play a pivotal role in planning and designing stormwater infrastructures, municipal water management 
infrastructure, street curbs and gutters, rainwater harvesting, and drought monitoring around the country.
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Pearson type III distribution (LPT), and Gumbel extreme 
value distribution. Bougadis and Adamowski developed a 
unique rainfall Intensity-Duration-Frequency (IDF) model 
incorporating the Gumbel and GEV distribution techniques 
[7]. The study concluded that precipitation corresponds to 
a simple scale approach. Elsebaie used the Gumbel and Log 
Pearson Type III (LPT) distribution to improve the rainfall 
intensity-duration-frequency relationships for the region in 
Saudi Arabia [8]. Comparing the two methods, the study 
uncovered that the precipitation intensity resulting from the 
Gumbel distribution is suitable than the LPT. Zope et al. 
advanced the IDF curve using a modified equation for the 
Mumbai city of India [9]. Koutsoyiannis discussed the 
GEV distribution's appropriateness for modeling extreme 
rainfall and implied that the GEV distribution might 
misjudge the hydrological risk [10]. It underestimates the 
enormous heavy rainfall amount seriously for small 
probabilities of exceedance.  
 
Summarizing the discussion mentioned above, the main 
objective of this paper is to analyze the rainfall of various 
durations statistically to develop and compare the rainfall 
Intensity-Duration-Frequency (IDF) curves using the 
Gumbel Extreme Value Distribution method utilizing 
historical rainfall time series data and to recommend 
possible modification of stormwater and municipal 
infrastructure design standards for Bangladesh. The study's 
outcome will help forecast the hydrological cycle, predict 
crop-water demand for irrigation, drought prediction, flood 
control, and design sustainable drainage systems for 
Bangladesh. 

2.  METHODOLOGY 

2.1  Study Area and Data Collection 
 
Bangladesh is geographically located in South Asia, 
bounded by the north latitude of 20°34' to 26°38' and east 
longitude of 88°01' to 92°41'. The several Indian States 
surround the north, east, and west region of the country. 
The southern part of the country embraces the Bay of 
Bengal, having a distinct irregular coastline with fissures 
of rivers merging to the Bay of Bengal (i.e., the north-
eastern part of the Indian Ocean). The north-eastern part of 
the country, known as the Sylhet region, is located near the 
Assam-Meghalaya mountainous region. 
  
In this study, daily rainfall data from 35 rain gauge stations 
in Bangladesh from 1961 to 2018 (total 58 years) was 
collected from the Bangladesh Meteorological Department 
(BMD). Figure 1 shows the location of the rain gauge 
stations in Bangladesh. It can be seen from the figure that 
the southern part has a denser rain gauge network than 
other regions of the country. Each rain gauge station is 
furnished with either Natural Siphon Rainfall Recorder 
(model: M114019, LYNX) or Snowdon Rain gauge 
(model: M114001). Please note that the newly developed 
rain gauge stations such as Sitakunda with rainfall data 
availability for 1977-2018, Ambagan (1999-2018), 
Kutubdia (1977-2018), Feni (1973-2018), Teknaf (1977-
2018), Patuakhali (1973-2018), Khepupara (1974-2018), 

Bhola (1989-2018), Mongla (1991-2018), Chuadanga 
(1989-2018), Sydpur (1991-2018), Madaripur (1977-
2018), Tangail (1987-2018) did not have available data for 
the entire study period of 1961-2018. In such cases, we 
used the available data from the stations to develop rainfall 
IDF curves using the Gumbel distribution method. Overall, 
the percentage of missing data among the rain gauge 
stations is not significant (less than 5%). 

2.2  Estimation of Short Duration Rainfall 

Using the empirical method suggested by the Indian 
Meteorological Department (IMD), we estimated the 
annual maximum rainfall for various durations such as for 
10 minutes, 20 minutes, 30 minutes, 60 minutes, and 2 
hours, 3 hours, 6 hours, 12 hours, and 24 hours. 
Following Eq. (1), we calculated the required precipitation 
depth: 
 

=          (1) 

 
 Pt is the requisite precipitation intensity in mm at t-hours, 
P24 is the daily precipitation intensity in mm, and t is the 
duration in hours. 

2.3  Data Analysis Method 

The yearly extreme rainfall time series from all the rain 
gauge stations for the period 1961-2018 in Bangladesh 
were adjusted to the probability density functions (PDFs) 
using the Gumbel distribution method. This study selected 
the Gumbel extreme value probability distribution method 
to improve the connection among the rainfall intensity, 
design frequency, and storm duration from rainfall time 
series data for Bangladesh.  
 

Fig. 1:  The rain gauge stations in Bangladesh. 
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The extensively used Gumbel distribution for IDF analysis 
is simple and uses only extreme value or peak annual 
rainfall time series. The Gumbel method calculates the 
rainfall intensities for 2, 5, 10, 25, 50, and 100-year design 
periods for each shorter and longer period, including 
periods ranging from 15 minutes to 24 hours. 
By Eq. (2), we calculated the precipitation frequency for 
each duration with a specific return period. 

             = +     (2) 
Here, PT is the design precipitation intensity (in mm), K is 
the Gumbel factor.  
The Gumbel factor is calculated using Eq. (3). 

= √ 0.5772 + ln ln                    (3) 
Following Eq. (4), we calculated the average maximum 
precipitation to a specific duration. 

= ∑    (4) 
Where Pi is the particular extreme value of precipitation, n 
is the sum of years of precipitation time series. 
        Following Eq. (5), we calculated the standard 
deviation. 

 = ∑ ( − )
⁄

  (5) 
Where S is the standard deviation. 
        Equation (6) calculated rainfall intensity (in mm/hour) 
for design period T. 

=      (6) 

Where, Td is the duration in hour. 
The PDF of the rain gauge station located at the Chittagong 
district of Bangladesh is shown in Fig. 2. Then, the 
goodness-of-fit of the PDFs was verified by the Anderson-
Darling test.  

 
 
3.  RESULTS AND DISCUSSION 
 

 
 
Figure 3 shows the developed IDF curves for some selected 
stations in Bangladesh for comparisons purpose. The 
Chittagong station that is located in the south-eastern 
region of the country, has the highest precipitation intensity 

for a distinct duration and design frequency. According to 
the curves drawn by the Gumbel distribution method (Fig. 
3), the design period of 100 years has the maximum rainfall 
intensity compared to other design periods. Consequently, 
there exists a relationship between rainfall intensity and 
return period.  
 
Figure 4 shows the spatial variation of rainfall intensities 
for 100 years of design and durations typical for small and 
large catchments. Table 1 in the appendix shows the 
rainfall IDF equations developed from this study 
corresponding to various design periods and rainfall 
durations based on the Gumbel extreme value distribution.  

 
According to the IDF curves developed using the Gumbel 
distribution method (as shown in Fig. 4), the Chittagong 
area (South-eastern region) requires the country's most 
robust drainage system as the rainfall intensity is maximum 
in this station for all durations and return periods (Table 1 
in Appendix). On the other hand, Rajshahi station (North-
western region) necessitates the minor stormwater 
infrastructure in the country for a return period of 2 years. 
Mongla station needs the most undersized drainage 
infrastructure for the return period of 10, 25, 50, and 100 
years (Fig. 4 and Table A1 in Appendix).  

 
Figure 4 also illustrates that the precipitation intensity 
values are lessening from the east side of the country to the 
west side. Various atmospheric aspects are responsible for 
precipitation and these aspects vary from one region to 
another. Among various factors, two primary dominants 
over these regions are identified. The Rajshahi region's 
average temperature is comparatively higher (45.1 �C) than 
that of the Sylhet region. Moreover, the Rajshahi region's 
overall humidity is moderate to high (60%) compared to 
the Sylhet region. So, variation in rainfall intensity occurs 
from Rajshahi to the Sylhet region. According to the 
historical precipitation data from the rain gauge stations 
along the diagonal length of the country, a trend line from 
Chittagong (south-east) to Dinajpur (north-west) can be 
recognized. From Chittagong (south-east) to Tangail 
(central) precipitation intensity is getting lower.  
 
When warm air from inland flows towards cold air near the 
sea, clouds formation occurs, and precipitation happens. 
That is why areas like Chittagong and Cox's bazaar, 
Sandwip, and Hatiya experience higher precipitation than 
inland areas like Dhaka and Tangail. While wind flows 
from sea areas to the land, it often carries rain with it. Thus, 
the precipitation rate is higher near the coastal regions like 
Chittagong, Cox's bazaar, etc., as maximum condensed 
water is causing rainfall here, and the remaining small 
portion flows with the wind towards remote areas leading 
to lower rainfall rates there. A rising limb is found towards 
the north-western stations after a continuous decrease in 
rainfall rate from Chittagong to Tangail stations. And it 
happens due to some other environmental influences over 
those regions, like proximity to the Himalayas. From the 
western part, it is increasing to the east. In general, coastal 
areas face heavy rainfall compared to inland regions due to 
the proximity to the sea, which is valid for all coastal zones 
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3.1   Intensity-Duration-Frequency (IDF) Curve using
the Gumbel Extreme value Distribution Method

Fig. 2: Probability density function for the Gumbel 
distribution method using the annual maximum rainfall 
series data of the Chittagong station that is located in the 
south-eastern part of the country.



 
(from Satkhira to Chittagong and Cox's bazaar). But 
variations in annual precipitation amounts along the coastal 
regions of the country are also evident. With the help of 
some natural phenomenon, the cause of this variation could 
be identified. Through various incidents that could be 
responsible, a single probable cause may be the country's 

geographic location. Because of the geographical location, 
Bangladesh meets the 'Westerlies' wind category, denoting 
wind running towards the east from the west all the time. 
That is why the wind is continuously carrying out heavy 
rainfall to the eastern side from the west. Thus, heavier rain 
in the eastern coastal part compared to the western [11]. 

 Fig. 3: Developed rainfall IDF curves using the Gumbel distribution method for the area of (a) Dhaka, (b) Chittagong, (c) Cox’s 
Bazar, (d) Rangpur, (e) Sylhet, and (f) Khulna. 
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4.  CONCLUSION AND RECOMMENDATION 
 
In this study, we developed unique IDF curves for all the 
districts of Bangladesh. The developed unique IDF curves 
using the Gumbel distribution method showed that 
Chittagong and its adjacent areas require a more robust 
drainage infrastructure than the other country stations for 
various durations and design periods. In contrast, Rajshahi 
and Mongla areas require minor drainage resources due to 
their lowest rainfall intensity. Therefore, a robust drainage 
system is necessary for the district of Chittagong than other 
communities in Bangladesh.  The developed IDF curves 
will help plan and design stormwater infrastructures, 
rainwater harvesting technology implementation, and 
drought monitoring around the country. Flash flooding 
could be significantly reduced by designing the stormwater 
structures as recommended in this study. This study 
derived the rainfall intensity-duration-frequency (IDF) 
curves for various durations and design frequencies. 
However, due to the unavailability of short-duration 

rainfall series, we relied on the rainfall disaggregation 
technique proposed by the IMD, which is a source of 
uncertainty in our study. Therefore, a future study may be 
undertaken to derive a more accurate and reliable 
disaggregation technique to obtain short-duration rainfall 
series. Also, in our study, we observed some missing data 
in the historical rainfall data series. Such missing data 
could result in inaccurate rainfall maximum intensity for a 
particular year. Therefore, care must be taken to avoid such 
missing data in the rainfall series. 
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Fig. 4: The rainfall intensities (mm) considering 100 years of design period for short-duration rainfalls such as for10 minutes, 20 
minutes, and 30 minutes that are a typical time of concentrations for small catchments at city areas (upper panel) and 
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countryside areas (lower panel) using the Gumbel distribution method using historic data of 1961-2018. Black dots in the maps 
indicate the location of the rain gauge stations.
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 APPENDIX 
Table AI: Developed rainfall IDF equations corresponding to various design periods and rainfall durations. Please note that rainfall durations 

are in hours and rainfall intensities in mm/hour.  

Design 
period 

Station 
Name 

Rainfall 
intensity, I 
(mm/hour) 

Station 
Name 

Rainfall intensity, 
I (mm/hour) Station Name Rainfall intensity, 

I (mm/hour) 

2 

Barisal 

I=46.888D-0.667 

Dhaka 

I=43.736D-0.667 

Madaripur 

I=41.429D-0.667 
10 I=73.217D-0.667 I=73.216D-0.667 I=61.119D-0.667 
25 I=86.468D-0.667 I=88.054D-0.667 I=71.03D-0.667 
50 I=96.299D-0.667 I=99.062D-0.667 I=78.382D-0.667 
100 I=106.06D-0.667 I=109.99D-0.667 I=85.68D-0.667 
2 

Satkhira 

I=39.288D-0.667 

Chittagong 

I=73.61D-0.667 

Faridpur 

I=42.528D-0.667 
10 I=67.86D-0.667 I=113.29D-0.667 I=73.902D-0.667 
25 I=82.241D-0.667 I=133.26D-0.667 I=89.694D-0.667 
50 I=92.909D-0.667 I=148.08D-0.667 I=101.41D-0.667 
100 I=103.5D-0.667 I=162.78D-0.667 I=113.04D-0.667 
2 

Mogla 

I=41.174D-0.667 

Comilla 

I=44.451D-0.667 

Mymensingh 

I=47.862D-0.667 
10 I=56.621D-0.667 I=69.238D-0.667 I=82.475D-0.667 
25 I=64.396D-0.667 I=81.714D-0.667 I=99.896D-0.667 
50 I=70.163D-0.667 I=90.969D-0.667 I=112.82D-0.667 
100 I=75.888D-0.667 I=100.16D-0.667 I=125.65D-0.667 
2 

Khulna 

I=43.241D-0.667 

Cox's 
Bazar 

I=71.088D-0.667 

Tangail 

I=43.259D-0.667 
10 I=80.34D-0.667 I=104.8D-0.667 I=72.809D-0.667 
25 I=99.013D-0.667 I=121.76D-0.667 I=87.681D-0.667 
50 I=112.87D-0.667 I=134.35D-0.667 I=98.715D-0.667 
100 I=126.62D-0.667 I=146.84D-0.667 I=109.67D-0.667 
2 

Jessore 

I=40.232D-0.667 

Sitakunda 

I=65.598D-0.667 

Chandpur 

I=50.176D-0.667 
10 I=68.468D-0.667 I=97.766D-0.667 I=86.092D-0.667 
25 I=82.679D-0.667 I=113.96D-0.667 I=104.17D-0.667 
50 I=93.222D-0.667 I=125.97D-0.667 I=117.58D-0.667 
100 I=103.69D-0.667 I=137.89D-0.667 I=130.89D-0.667 
2 

Chuadanga 

I=37.645D-0.667 

Ambagan 
(Ctg) 

I=74.088D-0.667 

Patuakhali 

I=50.635D-0.667 
10 I=63.826D-0.667 I=117.77D-0.667 I=84.587D-0.667 
25 I=77.004D-0.667 I=139.76D-0.667 I=99.16D-0.667 
50 I=86.779D-0.667 I=156.08D-0.667 I=109.97D-0.667 
100 I=96.483D-0.667 I=172.27D-0.667 I=120.7D-0.667 
2 

Sydpur 

I=60.791D-0.667 

Sandwip 

I=70.686D-0.667 

Khepupara 

I=60.734D-0.667 
10 I=99.446D-0.667 I=111.25D-0.667 I=94.667D-0.667 
25 I=118.9D-0.667 I=131.67D-0.667 I=111.75D-0.667 
50 I=133.34D-0.667 I=146.82D-0.667 I=124.42D-0.667 
100 I=147.66D-0.667 I=161.86D-0.667 I=136.99D-0.667 
2 

Rangpur 

I=54.999D-0.667 

Rangamati 

I=56.81D-0.667 

Bhola 

I=49.574D-0.667 
10 I=87.431D-0.667 I=91.873D-0.667 I=87.854D-0.667 
25 I=103.75D-0.667 I=109.52D-0.667 I=107.12D-0.667 
50 I=115.86D-0.667 I=122.61D-0.667 I=121.41D-0.667 
100 I=127.88D-0.667 I=135.61D-0.667 I=135.6D-0.667 
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Design 
period 

Station 
Name 

Rainfall 
intensity, I 
(mm/hour) 

Station 
Name 

Rainfall intensity, 
I (mm/hour) Station Name Rainfall intensity, 

I (mm/hour) 

2 

Rajshahi 

I=37.565D-0.667 

M. Court 

I=60.593D-0.667 

Srimangal 

I=46.759D-0.667 
10 I=59.917D-0.667 I=98.306D-0.667 I=84.561D-0.667 
25 I=71.167D-0.667 I=117.29D-0.667 I=103.59D-0.667 
50 I=79.513D-0.667 I=131.37D-0.667 I=117.7D-0.667 
100 I=87.798D-0.667 I=145.35D-0.667 I=131.71D-0.667 
2 

Dinajpur 

I=57.897D-0.667 

Kutubdia 

I=61.541D-0.667 

Teknaf 

I=70.947D-0.667 
10 I=103.64D-0.667 I=97.893D-0.667 I=106.73D-0.667 
25 I=126.66D-0.667 I=116.19D-0.667 I=124.74D-0.667 
50 I=143.74D-0.667 I=129.76D-0.667 I=138.1D-0.667 
100 I=160.7D-0.667 I=143.24D-0.667 I=151.37D-0.667 
2 

Bogra 

I=40.753D-0.667 

Hatiya 

I=59.872D-0.667 

 

10 I=65.447D-0.667 I=93.845D-0.667 
25 I=77.875D-0.667 I=110.94D-0.667 
50 I=87.096D-0.667 I=123.63D-0.667 
100 I=96.248D-0.667 I=136.22D-0.667 
2 

Sylhet 

I=65.201D-0.667 

Feni 

I=58.13D-0.667 
10 I=89.668D-0.667 I=91.211D-0.667 
25 I=101.98D-0.667 I=107.86D-0.667 
50 I=111.12D-0.667 I=120.21D-0.667 
100 I=120.19D-0.667 I=132.47D-0.667 
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ABSTRACT 

As per several statistical reports, more than 30% of the world's population is living in high-dense informal 
settlements labeled as ‘slums’. Due to rapid urbanization and the concentration of economic activities, slums 
have been growing abruptly, particularly in the cities of the developing world. In Bangladesh, Gazipur, one of 
the closest industrial cities to the capital Dhaka, is no exception. Being outside of the formal system and living 
with extreme service and infrastructural inadequacies, slum dwellers have developed their own way of 
organizing and articulating spaces for satisfying their fundamental everyday necessities. However, although 
those autonomous, need-based built-environment responses are mostly pragmatic and affordable to 
implement, such practices often have some profound consequences with respect to health, comfort, and well-
being. Therefore, this study attempted to explore two specific aspects of informal urbanism; one is to inquire 
how migrant working-class communities are shaping up their built-environment without any expert's 
intervention, and the second is to find out the health related complications of such spontaneous practices. The 
Konabari Slum at Gazipur was selected as a case, where, by contemplating various phases of settlement 
development, two distinct styles have been identified, and later, applying multiple qualitative methods, the 
research attempted to identify the built-environment features which are producing and reproducing health 
related hazards in those settlements. 

 
 

1. INTRODUCTION 
 
Informal settlements are becoming more prevalent in 
developing countries. The UNDP estimates that the Global 
South will account for 95% of future urban development 
[5]. Predictions also indicate future cities will gradually 
become more informal [1]. Slums and informal settlements 
already house one in every four people on the planet [2]. In 
the context of Bangladesh, currently, almost half of the 
city's population is living in informal settlements. Due to 
poverty, climate change, and several other socio-economic 
factors rural communities in Bangladesh are migrating 
rapidly to urban areas to pursue economic opportunities 
offered by the cities. Such a phenomenon is significantly 
contributing to the development of slums across the 
country. Although the concentration of slums is mostly 
based on major cities like Dhaka and Chattogram, in recent 
years’ secondary cities adjacent to the larger ones are also 
becoming hotspots of informal settlements. Therefore, it is 
equally necessary to explore how the informal process of 
settlement development is taking place in those areas. This 
study will investigate the prominent informal settlement of 
Gazipur, which is an emerging, vibrant city next to the 
capital Dhaka and an important hub for industrial activities. 
Even though informal settlements are prevalent, planning 
for such a massive population has hardly ever been 
considered seriously. Informal settlers are still ignored and 
excluded from all sorts of formal planning processes.  
_________________________ 
*Corresponding author’s email: ar.istiaque@duet.ac.bd 

 
Being excluded from the formal process, the informal 
settlers have developed certain skills to shape up their own 
built environment without any expert intervention. 
However, those practices are strictly driven by financial 
and functional priorities. Therefore, key factors like health, 
comfort, and socio-cultural issues get overlooked during 
the homemaking process. In this problem context, this 
paper attempts to identify the trends in informal 
homemaking in Gazipur city and their connection with 
health and wellbeing.  

 
1.1 Aim  
 
The research was conducted in a large slum in Gazipur city, 
commonly known as Konabari slum, which is home to over 
20,000 working-class people who come from various parts 
of the country. The overarching goal of this research is to 
map the homemaking process in the Konabari slum, 
identify built-environment elements that exacerbate health 
concerns, and suggest appropriate design strategies for risk 
reduction. 
 
1.2 Objectives 
 
a) Extracting knowledge from the on-going informal 

practices at Konabari Slum. 
b) Understand the spatial aspects of settlement growth. 
c) Identifying built-environment elements and activities 

that pose health concerns. 
d) To investigate the possibilities and constraints of 

informal homemaking in Konabari.
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2. METHODOLOGY 
 
The study followed qualitative research methods where 
empirical data was collected through field surveys, direct 
observation, transect walk, photo analysis, interviews, and 
note taking. In phase one, after studying the existing 
location map and conducting multiple site visits and 
transact walks, two distinct types of settlements were 
identified. Then, in the second phase, through simple 
random sampling, 28 participants from two different 
settlement types (A and B) were selected for interview and 
focus group discussion. Participants provided in-depth data 
and insights about the process of homemaking at Konabari 
slum and their perception of health-related hazards. Other 
than the data collected from participants, house layouts 
were scaled down manually, and day long activities were 
observed, sketched, and photographed for validating the 
information given by the survey participants. In order to 
maintain relevance with the research objective, a fixed set 

of variables such as ownership, duration of stay, economic 
activities, family structure, daily routine, social priorities, 
and factors behind selecting the house were used during the 
interview and data collection among diverse participants. 
As a result, a closed-ended questionnaire was developed to 
evaluate the importance of each characteristic using the 
Likert scale. Later, the overall hazard scenario has been 
conveyed via a Mind Map. 
 
 
3. THE PROCESS OF HOMEMAKING 
 
3.1 The evolution of Konabari Slum 
 
Gazipur is a city adjacent to the capital Dhaka with a land 
area of 329 sq. km., and an estimated population of 3.5 
million. Being referred as an industrial city, Gazipur is a 
prime destination for poor rural migrants from all over the 
country. According to the Bangladesh Bureau of Statistics 
(BBS), approximately 700,000 poor people are living in 
more than 1400 informal settlements or slums throughout 
the entire Gazipur city [5]. The survey of CARE 
Bangladesh, conducted in 2014, shows that 70% of the 
people of Konabari earn their livelihood working in 

various RMG (Readymade Garments) factories, whilst the 
rest of 30% are either day laborers, construction workers, 
or work in small scale spinning, knitting, and cosmetic 
factories [4]. One of the major informal settlements in the 
city is ‘Konabari Slum’, locally known as ‘BaimailPukur 
Par Bastee’, and unlike conventional slums, Konabari was 
established on private land. Although unplanned 
settlement started in 1947, expansion started after the 
establishment of the region’s first cotton mill in 1972 [5]. 
At present, more than twenty thousand people are residing 
in this informal settlement, making it the largest in 
Gazipur. Konabari Slum is located at Konabari union of 
Gazipur sub-district, which is next to the Dhaka-Tangail 
highway and only 10 kilometers away from the Export 
Processing Zone (EPZ) of Savar and 20 kilometers away 
from the EPZ of Uttara. Good connectivity with the capital 
and ample work opportunities in the industrial and 
construction sectors can be considered as the core driving 
factors behind such development in this region. 
 
3.2 Existing practice of settlement development 
 
Migrants began flocking in this area in the 1990s, hoping 
to take advantage of the economic opportunities given by 
the industrial city. People mostly from Barisal, 
Mymensingh, Kishoreganj, and Patuakhali began to settle 
in the Konabari region. Local landowners and businessmen 
capitalized on the opportunity by renting substandard, low-
cost, informal dwellings for a cheap 

 
Fig. 2: House condition at Konabari slum. (Source: Author) 

price. Such practices clearly damaged people's quality of 
life, ultimately transforming the settlement into a slum.  
The growth of settlement patterns took different shapes as 
time and circumstance changed. By examining current 
maps and housing circumstances, it is possible to identify 
a tendency toward cluster-based settlement growth. 
Houses within the same clusters have comparable features 
in terms of plan organization, construction materials, and 
service and utility provision. Although dwelling types can 
be classified as Paka, Semi-Paka, and Kacha, Paka homes 
are rare in the region, while Semi-Paka and Kacha houses 

Fig. 1: Conceptual framework of the study. 
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Fig. 3: Transact walk route followed during the survey. 

are the most prevalent. Fig. 2 depicts the housing situation 
in Konabari in detail. After interviewing with local 
residents, it was found that numerous phases of growth in 
this region contribute to the formation of social and 
structural hierarchies. Such hierarchical distributions were 
easily apparent during the transect walk (Fig.3). Within 
that same informal settlement, comparatively inferior 
house units with less security and service facilities can be 
seen, whereas a comparatively secured, gated cluster of 
houses with adequate service facilities is also noticeable. A 
common route, for the migrant workers, is to start living in 
that substandard flexible living condition and then shift to 
a more secure and structured version of living. When 
comparing income to living space, these variant typologies 
have some distinguishing characteristics in terms of 
service, utilities, location, and available facilities. 
However, in both of the scenarios, the minimum 
requirements for a healthy life are substantially sacrificed 
for the sake of security and service utilities. In the case of 
any infectious diseases or any pandemic situation, such 
living environments may suffer a devastating impact. 
Table I provides a general overview of the two distinctive 
styles of settlement development trends found in the 
survey, termed type A and type B in this article 
 
TABLE 1: Spatial characteristics of informal typology. 

Characteristics Typology A Typology B 

 
Layout pattern 

 
Organic and 
Open-ended 

 
Linear and Confined 

Organization Fragmented, 
Clustered, 
Courtyard Based 

Mostly Rectilinear 

Permeability Randomized, 
Multiple 

Specific, Single 

Living unit footprint 9.5 Sqm (avg.) 
 

9.5-11 Sqm 
 

Spine development 
character 

Unregulated, 
Dense Units 

Repetitive, Row Houses 
with Linear 
Development 

Width of circulation 
spine 

1.5m (min) – 2m 
(max) 

1.5m (avg.) 

Continuation of 
circulation 

Flexible  Interrupted 

Service facilities 
(toilet & kitchen) 

Facilities are 
Scattered 

Grouped in a Single 
Zone 

Provision of green 
spaces 

Rare Somewhat Present 

Lighting & 
ventilation 

Door is the only 
opening for 
lighting and 
ventilation 

Door is the only 
opening for lighting and 
ventilation; some small 
window openings are 
also found in some 
Houses 

 
3.3 Housing Condition 
 
Regarding the settlement, the initial houses were made of 
mud. However, after the flood of 1988, almost the entire 
settlement was lost. Later, landowners rebuilt houses out 
of brick, concrete, wood, bamboo, and corrugated iron 
sheets, all of which are still popular building materials. 
Houses are mostly like compartments here, approximately 
100 square-feet, comprised of a single door in most cases, 
though a small window for ventilation can also be found in 
a few houses. As most of the tenants are migrant working 
class, the pattern of homemaking here is a bit different 
from the conventional slum patterns of Bangladesh. 
 
The pattern of homemaking here revolves around the 
development of the circulation spine. The common 
circulation spine is a key interstitial infrastructure here that 
connects households with the shared toilet, cooking, 
bathing, and water collection facilities and remains vibrant 
throughout the day. This collective space has 
multidimensional value as it serves as a play space for the 
children, a gossiping or socialization point for the elderly, 
a place for the evening pastime, an option for temporary 
storage, and other everyday domiciliary activities. Based 
on the survey and those following categories, all 
respondents’ houses are broadly divided into two 
typologies: one is the more linear type or confined, and the 
other one is the more enclosed or organic type in terms of 
spine development at the micro level of this type of low-
income housing. 
 
Plot size plays a determinant role in the development of the 
layout and its spatial configuration. It has been found that 
plots along with arterial roads are typically linear in order 
to secure connectivity with the roadside, so housing 
layouts along with any circulation tend to be linear in 
nature. As expected, plots that are deeper from the roadside 
and connected with unpaved walkways follow a more 
enclosed layout and are spatially constrained. Articulation 
of space in commonly shared zones or housing units is 
more evident in this type of housing with multiple exit and 
entry points. Although this type of unit is cheaper than the 
linear one, it provides no security or privacy, whereas 
linear units are more secure in terms of territorial sense. 
Another drawback in enclosed ones is the severe lack of 
light and ventilation. Inadequate circulation space is a 
major problem which increases vulnerability to hazards. 
Similarly, if a linear housing layout is considered, the 
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Table I:



 
 

 

scarcity of space is more prominent. Additionally, 
circulation ways are narrower. Linear circulations 
terminate at the common service and utility areas, and 
compared with the enclosed layout, this approach is 
entirely different. Keeping the materials and unit size in 
mind, it can be assumed comparatively poorer 
communities live in such linear organizations. However, 
spatially, these spines are found to be more vibrant and 
livelier than enclosed ones. Linear spine-like-channels 
circulate more air by creating positive air pressure, so 
ventilation is slightly better than the enclosed ones. 
 
 
4. HAZARD MAPPING 
 
Following a clear understanding of the homemaking 
process, existing hazard sources in the built environment 
were attempted to be identified. Firstly, based on the direct 
observation, hazardous features were identified, which 
were later presented through a mind map. To get the 
community's perceptions about those identified hazardous 
features, a closed-end questionnaire was conducted. To 
quantify the perception data, data was collected on seven 
core aspects using a five-point Likert scale (Fig. 4). 28 
participants (40% male and 60% female, age group 25 – 
60) who participated in the survey mentioned seven core 
challenges (infrastructure, living unit, safety/security, 
water, sanitation, gas/electricity, pollution) they face in 
their neighbourhoods (Type A and B). 
  

 
 

 
 
Fig. 4: Community perception about the core challenges in the 
neighborhood _Type A. (Source: Author) 

 

 
 

 
 
Fig. 5: Community perception about the core challenges in the 
neighborhood _Type B. (Source: Author) 

It can be derived from the questionnaire and participatory 
Likert scale practice that the perception of a better (!) house 
is mostly identified by the physical parameters like water, 
sanitation, or gas and electricity facilities, where social 
considerations like safety and security of the place play a 
key role. Interestingly, during the survey, several 
hazardous spots were experienced (for instance, exposed 
drainage and dumping areas, stagnant water, living units 
without adequate lighting and ventilation, and sources of 
pollution (i.e. lack of greenery, industrial waste water in 
local drains, high level of noise from adjacent highway, 
smoke from open kitchen). However, the local people were 
found unaware and indifferent about such hazardous 
features of their neighbourhood and their possible long-
term implications.  
 

4.1 Tracing Hazardous Features in the Built-
environment 

 
Hazardous features that were identified during direct 
observation are graphically presented, Fig. 6 and Fig. 7 
represent settlement Type A and Type B, respectively. In 
Type A, unpaved circulation and open drainage cause 
exposure to infectious health diseases. The close proximity 
of housing units as well as shared walls is also a feature 
that can play a negative role in the case of any infectious 
diseases. In general, open drainage, contaminated water 
sources, improper sanitation, and dampness inside houses 
are common features in this type of living unit. In the case 
of the Type B houses, a better sense of security and service 
can be easily distinguished. However, at the same time, 
sources of health hazards can also be found. Compared 
with Type A, in Type B some features are improved, such 
as drainage and water collection area. Besides, being 
directly regulated by the owner, overall waste management 
and hygiene features are significantly better than those of 
Type A.  
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Fig. 4: Community perception about the core challenges in the
neighborhood _Type A. (Source: Author)

4.1      Tracing   Hazardous    Features    in   the   Built
           environment

Fig. 5: Community perception about the core challenges in the
neighborhood _Type B. (Source: Author)
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After discussing with the community as well as direct 
observation, some key spatial factors have been 
highlighted, such as location, physical features, services 
and utilities, and built-environment features, and then, 
together with survey participants, correlations among 

multiple features were drawn (Fig.8) which represents a 
hazard scenario in that informal settlement. This practice 
reveals how one attribute relates to another. 
  

Fig. 6: Hazard sources in settlement Type A. (Source: Author) 
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4.2 Coping strategies in practice 
 
Despite numerous disadvantages, these residents of the 
community find few adaptable ways to live a livable life. 
These practices are mostly built-form based, as residents 
are not permitted to make any alterations or modifications 

to the house unit in which they reside (Fig. 8). Some 
innovative practices were observed, such as using 
transparent materials to ensure light and ventilation inside 
the sleeping area. Planting was a noticeable feature that 
served multiple purposes within the settlement. Even in the 
congested living environment, people are finding some 
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space for plantations. Besides, the use of bamboo frames 
(locally known as matcha) to grow plants is an option if it 
is not possible on the ground. As the settlements are mostly 
a central circulation spine oriented, plants keep that most 
diversely utilised area  
 

 
Fig. 8: Some coping strategies in practice (Source: Author) 

 
 
5. FINDINGS AND RECOMMENDATIONS 
 
Studying Konabari as a case the most important outcome 
of this study is the association between homemaking 
process and hazardous features of our built-environment. 
And though the homemaking processes some certain 
hazards are being subconsciously intensified (Fig. 9).  
 
However, such hazard elements can be tackled with 
minimal design interventions. Most of them are already in 
practice, invented by the locals; and the following are some 
strategies with which those positive practices can be 
amplified and be used for the wider benefit of the 
community.  
 

a) The most prominent problem is the lack of 
daylight in living spaces. Such living 
environments are causing high energy 
consumption during the daytime as well as 
creating fertile ground for several diseases and 
infections. Installing transparent corrugated 
sheets can solve the problem of lighting and 
reduce monthly electric costs. 

b) To avoid dampness and suffocating 
environments, high windows can be a suitable 
solution (already in practice). A design solution 

like an inverted awning window can ensure 
ventilation as well as maintain privacy from the 
circulation space alongside house units. 

c) Plantation can be utilised as a strategy for 
ensuring better air quality and protecting against 
nearby noise sources. Moreover, plants with 
‘matchas’ (lightweight bamboo frames) can be 
used to provide screening and shading in the main 
circulation spine, which will also make the space 
comfortable for children and the elderly. 

d) For operation and maintenance purposes, the 
drainage line needs to be installed properly and 
should be covered with prefabricated blocks or 
any locally available effective element. 

e) Double layered roofing, which is practiced in the 
slums, can be incorporated to welcome air into 
housing units. 

f) Small pocket spaces, mostly in service areas, can 
be brightened up by using transparent corrugated 
sheets as enclosures or barriers. Besides, growing 
some plants near the cooking area can absorb the 
produced smoke and impurities from the air. The 
cooking zone should always be elevated above 
ground level.  

 
6. CONCLUSION 
 
With the faster growth of urbanization, cities are expanding 
with migrant tenants. This huge overflow of the population 
raises the concept of low-cost informal settlement with 
hazards. So, this tendency is making services more limited 
and housing facilities to shrink in number. The limitations 
of living spaces will increase the risk of hazards even more 
than now. The latest development of contagious diseases 
like COVID-19 will be the hotspot for this kind of area. 
Here, one needs to have the right understanding of spaces 
and how they are shaping their everyday lives with spatial 
movement and organization to accommodate the changes 
in the environment. Social practices are another way of 
addressing their problems and solving them with little 
intervention and adaptive practices. However, this 
informal sector needs proper attention to harness the 
components of the living environment that will influence 
the health and wellbeing of the tenants. Slums require 
genuine attention from policymakers and stakeholders, 
which will eventually reform the informalities in 
guidelines or policy levels. They are indeed complex and 
dynamic social organizations, so the causality between 
health inequalities and informal homemaking is yet to be 
understood properly. However, the findings of this study 
show that daily spatial practices in a self-organized 
crowded, congested, trapped living condition without 
proper airflow and ventilation may exacerbate health risks, 
resulting in a long-term widespread impact on 
communities. Although self-organising informal 
communities often display innovative ways of space 
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arrangement and utilisation, they are plagued by 
unawareness, lack of knowledge, specifically from human 
health perspectives. Therefore, it is equally important to 
not only support those communities with proper shelter and 
services but also provide necessary information or even 
training support about human health and wellbeing. Even 
if underprivileged slum dwellers are facilitated with basic 
services and utilities, without knowing the health-related 
complications of their day to day spatial practices it is 
unlikely that people living in those informal settlements 
will overcome the vicious cycle of everyday health risks. 
This study compared two similar yet different living 
conditions in a same informal settlement, one with poor 
houses and inadequate service and utilities, and another 
with comparatively better houses and adequate service and 
utilities, where findings revealed that although there are 
several differences in physical features, health hazard 
related exposures remain almost similar in the two 
conditions.  Therefore, it can be asserted that by only 
ensuring physical components in informal built-
environment exposures to health risks cannot be decreased; 
whereas it is far more essential to advocate positive 
behavioural change, build-up awareness and capacity 
within the community in order to overcome this challenge. 
Besides, in a larger perspective, instead of limiting the 
measurement of good housing system to affordability and 
access to facilities, housing policies should take account of 

the issues related to human health as a prime agenda. 
Otherwise, a substantial population who are living in 
informal settlements will be stuck within the cycle of 
poverty and the sustainability of cities will remain in doubt. 
Hence, achieving Sustainable Development Goals (SDGs) 
may remain in vain. 
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ABSTRACT 

 
Utilization of solar energy can be a sustainable approach for power generation. Photovoltaic panels and solar thermal 
collectors are used worldwide to convert solar energy into operational power. This paper aims to study effectiveness and 
economic viability of these two devices. An experiment was conducted in an old castle site to assess the performances of 
several PV systems and solar thermal collectors varying in size and design. The produced energy was compared with the 
castle’s annual energy demand where the deficit needs to be purchased from the national grid. Furthermore, Life Cycle 
Costing (LCC) for 25 years and payback period were calculated for these systems to understand which system will be more 
profitable for the castle. For the given case, it was understood that PV system can be beneficial if appropriately designed, but 
not solar thermal collector. Moreover, it was perceived that larger systems or lower LCC values are not always profitable. 
 
Keywords: Solar Panels, Solar Collectors, Life-Cycle Costing, Profitability 

1.  INTRODUCTION  

For last few decades, concern has been developed across 
the globe to use solar radiation as a green source of energy. 
This abundant energy can be an efficient alternative which 
can lower the use of finite sources of fossil fuel. Therefore, 
utilization of Photovoltaic (PV) Cells to generate electricity 
and solar thermal collector for water heating has increased 
to a great extent at present days. These devices are 
becoming popular as the consumers are being able to cut 
off their bills by producing electricity and warm water 
within their own systems [1]. Yet, it should be noted, these 
products, the initial installation and maintenance costs are 
comparatively expensive [2]. Therefore, it is important for 
the users to evaluate whether implementation of these 
systems is economically beneficial or not.  
 
Sofiero Castle is a heritage owned by the city of 
Helsingborg in Sweden. Nowadays, the building is only 
operating in summer. An abandon open field within castle’s 
possession, was used to install PV system to cover 
electrical demands to some extent. In addition, solar 
thermal collector was also installed which only covered 
domestic hot water (DHW) demand. Several cases were 
developed for the PV system studies, varying the tilt and 
position of panels, number of modules, and DC/AC inverter 
ratio. As for the solar thermal collector, the varying 
parameter for the studies were the collector area which 
resulted to different solar fractions. At the end, LCC 
calculation was conducted for both systems.  
 
 
 

Sofiero Castle was built in 1866 as the crown family’s 
summer house. It went through several renovations after 
operating for a while and it eventually turned into a 
recreational area. Since 1973, this castle is owned by the 
city of Helsingborg and is considered as a heritage that 
needs to be preserved. The palace consists of ground floor, 
1st floor, 2nd floor, and an attic. The opening hours vary 
between seasons. From 17 September 2018 to 12 April 
2019, the park was open daily from 10:00 to 16:00, the 
palace, exhibitions, cafe, and shop were closed. Meanwhile, 
from 13 April 2019 to 22 September 2019, the park, the 
palace, exhibitions, cafe, and shop were open daily from 
10:00 to 18:00. It should be noted that the experiment was 
conducted in 2019. The attic was not in service at that time 
due to its unusable condition [3].  

There are few limitations of this research which should be 
mentioned. This research was conducted considering 
energy demand and production ratio to be uniform for 
whole 25 years. However, there are factors that might alter 
the ratios. For instances, the insulation of the castle might 
deteriorate over time and increase the infiltration rate, the 
number of visitors might increase over time etc. Therefore, 
these events might lead to higher energy demand than 
present condition. For further research, these relevant 
factors need to be calculated for more precise results.  

2.  METHODOLOGY 

The study was performed into three phases. 
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2.1  PV System 

As the electricity demand was given in monthly values, the 
first step was to divide the data into hourly values. 
Considering various activities of the castle during weekdays 
and weekends, two separate daily load profiles for 
electricity needs were prepared. One of the most important 
functions of Sofiero is the restaurant, which offers launch 
and dinner facilities; and these two periods were assumed to 
have increased occupancy level within a day. The weekdays 
load profile was shown in Figure 1. This load profiles were 
later used to calculate the hourly electricity needs for all 
over the year (8760 hours). 

To design the solar system in Sofiero area, DIVA4Rhino 
and System Advisor Model (SAM) application were used 
consecutively. Note that, SAM is an easily operable techno-
economic simulation tool to be used in renewable energy 
industry. National Renewable Energy Laboratory generated 
the software for realistic design, performance assessment 
and anticipations. However, the process was not linear, and 
it required running back and forth between the two 
programs for several times. At first, the parametric study 
was done by using SAM for sizing the PV system. The 
numbers and areas of PV modules for different systems 
were obtained which had different demand-supply ratios. 
Then the combination of four cardinal directions and 
different panel tilts were also analysed for those PV 
systems (Figure 2). Finally, the systems facing South with 
45° tilt were chosen for further studies. 
 

A parametric study was also conducted varying the inverter 
numbers for each PV system previously obtained. Another 
study was conducted by DIVA4Rhino- a 3D modeling tool, 
to locate the most suitable area to install PV system to 
avoid shading from surrounding context (buildings and 
trees) and from adjacent PV panels as much as possible. An 
available PV module with 17% efficiency named Sunpower 
SPR-210-BLK-U was selected. For this model, number of 
modules alongside of row can be one or two, for which 
SAM calculated row spacing 3m and 5m respectively. 
Moreover, shading from surroundings significantly varied 
at 0m and 3m from the ground. Therefore, PV systems were 
simulated with two different row distances and heights. 
Next, to find out the most profitable PV system, the 
resultant hourly production values were compared with 
hourly demand values to check how much electricity was 
still needed to buy and how much overproduction was there 
to sell to the national grid. The buying and selling price 
were considered as 1 SEK/kWh* and 0.6 SEK/kWh 
respectively. The difference between these two values was 
figured as net electricity buying cost. To decide which PV 
system was the most reasonable and beneficial among all 
the obtained systems, an LCC study was conducted later. 
The different PV parameters that have been chosen for LCC 
study could be seen on Table I.  

*1 SEK (Swedish Krona) = Approximately 10 BDT 
(Bangladeshi Taka). 

 
 
 

 
               Fig. 1: Electricity Daily Need Profile for Weekdays 
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           Fig. 2: Azimuth and Panel Tilt Study for Solar Collector and PV System 

 
 

          Table I: PV System Parameters for Parametric Study 
 

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
Tilt 45o; Azimuth 180o 

Module Sunpower SPR-210-BLK-U; Efficiency 17 % 
Inverter SMA America-SB4000US 240 V, 4 kWac 

Distance from each PV rows 3 m 3 m 3 m 3 m 5 m 5 m 5 m 5 m 
Height from the ground 0 m 0 m 3 m 3 m 0 m 0 m 3 m 3 m 
DC/AC ratio 1.0 1.2 1.0 1.2 1.0 1.2 1.0 1.2
Inverter numbers / (pcs) 33 28 56 47 19 16 32 27 
Number of panels / (pcs) 620 620 1 040 1 040 360 360 595 595 
Panels total area / (m2) 771 771 1 294 1 294 448 448 740 740 
Electricity coverage 56 % 56 % 94 % 94 % 33 % 33 % 54 % 54 % 

 
 
For the placement of the PV system, the field as shown in 
Figure 3 and Figure 4 was used. Case 1, 2, 5, and 6 had 
relatively similar footprints including the gap between 
rows, needing + 2300 m2 or approximately 25 % of the 
field. On the other hand, case 3, 4, 7, and 8 needed + 3750 
m2 or approximately 40 % of the field. With different PV 

module numbers on different cases, the footprints ended up 
relatively similar due to different distances between the 
rows which were 3 m and 5 m. Technically, the system with 
5 m gap would need more footprints, but it would also 
provide more available spaces beneath the system.

 
 

              
         Fig. 3: PV System Case 1, 2, 5, and 6 Placement                                Fig. 4: PV System Case 3, 4, 7, and 8 Placement
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2.2  Solar Thermal Collector for Domestic Hot Water 
(DHW) Consumption 

The water consumption of Sofiero was provided as monthly 
values for several years. 50% of the total consumption was 
considered for domestic hot water (DHW) consumption. 
Currently, district heating is being used to heat the water. A 
study was conducted to find out if installing solar thermal 
collector is more beneficial than district heating or not. 
SAM software was used to model the system and calculate 
the DHW production. Analyzing multiple combinations of 
different parameters, it was decided to design south facing 
systems with 45° tilt (similarly as PV system), 85% 
efficiency and with a 700-l tank for the best productions. 
Afterwards, several cases were simulated by gradually 
varying collector areas and numbers. Yet, the variations did 
not differ significantly from each other. Therefore, seven 
cases were presented in Table II to understand 
performances regarding sizes and numbers. From the 
results, apparently most reasonable system was chosen to 
compare with district heating.  
 
 

Table II: Solar Thermal Collector Parameters for 
Parametric Study 

 

 Case 
1 

Case 
2 

Case 
3 

Case 
4 

Case 
5 

Case 
6 

Case 
7 

Tilt 45o; Azimuth 180o; Tank volume 700 liters; (τα) 85 % 

Collector 
area 8 m2 8 m2 10 

m2 
10 
m2 

10 
m2 

15 
m2 

15 
m2 

Number 
of       
collectors 

5 10 5 10 15 5 10 

Total 
collector 
area 

40 
m2 

80 
m2 

50 
m2 

100 
m2 

150 
m2 

75 
m2 

150 
m2 

Energy 
demand 
coverage 

10 
% 

11 
% 

10 
% 

11 
% 

12 
% 

11 
% 

12 
% 

 

2.3  Life Cycle Cost (LCC) Calculation 

To support decision making in different systems, LCC 
analysis was needed to be conducted. The inputs that were 
used for LCC calculation can be seen in Table III. 
 
 
 
 
 

 
Table III: LCC Inputs for PV System [4, 5, 6, 7, 8, 9, 10] 

 
PV System 

PV module price / (SEK / pc) 780 
Inverter price / (SEK / pc) 7 000 
Inverter controller price / (SEK / 5 pcs) 800 
Wire price / (SEK / PV module) 50 

Installation cost on the ground PV 50 % of     
system cost 

Installation cost 3 m above the ground PV 75 % of     
system cost 

Transportation cost / (SEK / PV module) 150 
Maintenance cost / (SEK / m2) 50 
Calculation time 25 years 

Inverter change 10th and 20th 
year 

Real interest rate - 2.5% 

Real electricity price change - 1 % 
Real inverter price change - 10 % 
Real maintenance cost price change 3 % 
Real district heating price change 4 % 

 

3.  RESULTS AND DISCUSSION  

3.1  PV System 
 
With PV system it is not always possible to meet the total 
electricity demand. In Figure 5, monthly electricity supply 
by 8 different PV systems could be seen. The biggest PV 
system (case 3 and 4) were able to cover up to 95 % of total 
annual demand with a large amount of overproduction. On 
the other hand, the smallest PV system (case 5 and 6) were 
producing only 33% of total need, so a good amount of 
electricity was still needed to buy. In the middle range, PV 
system in case 1, 2, 7 and 8 could cover 56-54 % of annual 
electricity demand. It was observed that changing the 
inverter numbers did not change the productions 
significantly. 
 
The PV system production values for all 8760 hours of a 
year were checked to know how many kWh of electricity 
was still needed to buy and how much overproduction was 
there to sell to the grid, it was presented in Figure 6. As the 
selling price was considered lower than the buying price, 
none of the systems could have profit from overproduction. 
 
But as it was a source of income, the difference between 
buying and selling price was included into further LCC 
calculation. It was understood that, covering more 
electricity needs than selling to the grid was more 
beneficial. Therefore, producing electricity in huge amount 
with a larger system is not always a good solution. 
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Fig. 5:  Electricity Demand vs Supply for PV System 
 

                    
Fig. 6: Profit/Loss Analysis for PV System 

 
 
The LCC analysis in Figure 7, presented that PV systems of 
case 3 and 4 required the highest initial and maintenance 
cost. On the other hand, the smallest PV system (case 5 and 
6) can be considered more profitable within the 25 years of 
life span even though the systems covered only 33 % of the 
annual electricity demand. Another preferable options 
might be either case 1, 2, 7 or 8 which covered around 55 % 
of annual electricity demand. Beside the LCC analysis, it is 
also worth to mention that placing the PV system 3 m 
above the ground (case 3, 4, 7, and 8) should be preferable 
so the land underneath could be used for other purposes. 
The result showed that the systems with additional 
construction had 3 % of additional cost in 25 years life 
span. 

Moving further to payback analysis, Figure 8 was showing 
the payback study for different PV systems in comparison 
to a condition where no PV system was being installed. It 
should be mentioned that this calculation did not include 
the taxing system and inverter operating cost. From the 
graph, it could be seen that the payback period varied 
between 7-13 years. Case 5 and 6 had the fastest payback 
period within 7 years, followed by case 1 and 2 within 9 
years, case 7 and 8 needed 10 years to get a payback, and 
case 3 and 4 had the longest payback period in 13 years. It 
could also be concluded that varying the DC/AC ratio from 
1.0 to 1.2 did not have noticeable impact on both the LCC 
and payback period. 
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Fig. 7: LCC for PV System 

 
 

           
Fig. 8: Payback Analysis for PV System 

 
 

3.2  Solar Thermal Collector for Domestic Hot 
Water (DHW) Consumption 

 
The DHW supply by solar collectors of 7 different sizes 
were presented in Figure 9. Clearly, the productions did not 
vary significantly with changing the areas and numbers of 
the solar collectors. They could possibly cover 10-12% of 
total DHW needs. That is because the solar collectors are 
only capable to provide for a limited amount irrespective to  

 
the size of the systems. From the LCC analysis between 
case 1 and District Heating, it was observed that, installing 
solar collector was able to save only 30,000 SEK of 
operating cost for a 25 years of life span and in addition, it 
required a very high initial cost. Therefore, as the district 
heating is quite low-priced (0.1295 SEK/kWh), solar 
collector can never be a good investment over it.  
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Fig. 9: Electricity Demand vs Supply for Solar Collector 
 
 

 

4.  CONCLUSION 
 
In PV system, beside the LCC analysis, other aspects also 
need to be considered. In this case, having the PV 3 m 
above the ground (case 3, 4, 7 and 8) will result to higher 
initial cost due to more construction works. However, it 
might still be preferable as the space underneath the PV 
system can be used for other purposes. Another 
consideration is, having PV panels 3 m above the ground 
will result to have less shading by the surrounding trees and 
building. In that case, the PV system will be able to operate 
more efficiently. 
 
Varying DC/AC ratio for inverter sizing does not cause 
perceptible changes in production and LCC calculation. 
However, the LCC calculation has conducted without 
taking inverter operating cost into account. Including the 
tax system and inverter operating cost might result to 
different LCC for all PV system cases but the differences 
would have been similar. 
 
Case 5 and 6 which have the lowest LCC value and only 7 
years to reach the payback may not be preferable as more 
space will be occupied on the ground and a lot of shading 
might occur from the surrounding trees and building. On 
the other hand, case 7 or case 8 with 10 years of payback 
can be a preferable selection as they have only a bit higher 
LCC value but provide more production and more usable 
space both underneath and in between PV rows, which can 
be used for various functions.  
 
After conducting LCC analysis only for solar collector 
operating cost, it occurs that implementing solar collector 
system is not profitable at all. 
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ABSTRACT 
 

The outbreak of the Covid-19 pandemic with its pervasive presence across the globe has justified the emergence of virtual 
teaching-learning platforms. Hence, the mode of teaching-learning paradigm has unprecedentedly transformed from the 
traditional classroom to an online one. Bangladeshi engineering institutions have also embraced this new-normal teaching 
methodology in English as Second/Foreign Language (ES/FL) contexts where innumerable obstacles like choosing 
appropriate online teaching methodology, contents, resources, assessment procedures, etc. have been encountered. 
Therefore, this research intends to identify the issues and challenges based on mental, material, skill, infrastructural, and 
assessment-related difficulties confronted by the undergraduate engineering students of a public university in Bangladesh. 
It also takes stock of the learners' attitudes towards learning English online. Quantitative data from 175 students through 
online questionnaires and qualitative data from 9 in-service teachers through online interviews have been obtained for this 
study. Then, the data were analyzed into descriptive statistics and frequencies using MS Excel and SPSS. The study's 
findings reveal that students and teachers encounter several difficulties in ensuing this new virtual pedagogic paradigm. 
Besides, the teachers remain in a great dilemma in assessing the students' English language proficiency, as there remains 
no single reliable online assessment scheme available. Finally, some technological tools are also proposed for the 
Bangladeshi pedagogic contexts that can help students feel motivated towards the virtual model of the language 
pedagogy. 
 

Key Words: Covid-19, Online education, Virtual pedagogic platform, EFL, Engineering undergraduates  

1.  INTRODUCTION 
 

The sudden outburst of novel coronavirus (Covid-19) in 
2020 has unpredictably brought a severe transformation in 
the socio-economic, cultural, political, and educational 
lives of all human beings across the world. As it emerges 
with the international health concerns, the World Health 
Organization proclaimed Covid-19 as a global pandemic 
on 11 March, 2020 [1] conforming to the restrictions of 
social mobility as well as the closures of all educational 
institutions to ensure social distancing. Consequently, the 
unexpected terminations of the primary, secondary, and 
tertiary educational organizations as precautionary and 
preventive measure against Covid-19 pledge the 
commencement of online learning replacing the long 
traditional in-class standard education systems [2].   
 
As a result, this new norm in educational contexts and the 
shaky transition from the celebrated classroom settings to 
the virtual systems caused both opportunities and 
challenges for the students, teachers, administrators, and 
stakeholders as well [3]. Hence, as there appears no 
predictable time frame for an end to the corona virus, the 
Bangladeshi government, like other foreign countries, 
issued directives to introduce online teaching platforms for 

 all the academic level students lest they are stressed and 
suffer loss of their academic session. Thus, the 
Bangladeshi  
 
educational organizations planned to use the existing 
teaching materials and introduced the new forms of 
resources to suit the purpose and the needs of the students.  
 
The selected engineering research site in a similar vein 
attempted to teach English to the engineering 
undergraduates using the newly established online mode. 
Social media platforms like Messenger, Facebook, 
WhatsApp, Telegram, etc. have been primarily marked as 
the effective tools to be used in virtual learning platforms 
to teach English [4]. In addition television channels have 
also been designated to teach various subject-specified 
contents to the secondary and higher secondary level 
learners [5]. Therefore, the innovation and incorporation 
of new teaching-learning strategies and approaches as well 
as the shift to the e-learning platform have become 
obvious choices during and beyond the covid-19 period to 
continue the education cycle [6].  
Notwithstanding, though some measures are promptly 
initiated by the government and educational organizations 
to start this virtual method of learning, there prevails 
uncertainty about the effectiveness and efficacy of this 
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digital learning tradition because the existing educational 
cultures are firmly rooted in the physical classroom 
settings. Similarly, certain challenges further appear  in 
materializing the specified goals and objectives of the 
students using digital tools, especially in teaching the 
engineering students where lab experiment is of prime 
importance [7]. This kind of similar prospect is found in 
the selected engineering setting in teaching English as 
EFL where it impedes the direct intervention with the 
students in making them interactive and communicatively 
competent in nature. Nonetheless, it has been observed by 
various in-service teachers and students that some other 
socio-economic, cultural, infrastructural, and 
administrative issues affect the rate and route of virtual 
English language learning in comparison with offline 
learning. 
In light of the above, this research article attempts to 
introspect into the issues and challenges prevailed and 
faced in teaching English virtually to the engineering 
students during this pandemic crisis. Similarly, it looks 
into the impediments found in online assessment 
procedures to measure the students’ English language 
proficiency. Lastly, it further recommends some 
technological tools that can ensure the language learning 
and learners stress-free, motivating, as well as effective. 

2.  RELATED LITERATURE AND
CONCEPTUAL THEORY 

Covid-19 indisputably puts forward a challenge to the 
socio-cultural and educational lives of the students and 
teachers in being adjusted to the new norm of e-learning 
systems. Though it has been outlined that online teaching 
or distance education (DE) has profoundly benefitted the 
students to access the updated learning materials and to be 
competent in using their creative faculty, this abrupt 
adoption of virtual teaching is of entirely different nature 
as this is termed as crisis learning [8]. Therefore, to let the 
students continue their studies and overcome sudden 
psychological stress and paranoia, virtual learning can 
have a persistent impact. As it is initiated with the demand 
of time and situation, the students and teachers face 
different level challenges in ensuing virtual learning. Most 
importantly, the students from the marginalized rural 
socio-economic background face dilemma in participating 
in online classes as it is not easy to afford android devices. 
Besides, there are those who are not well-versed in 
handling smart phones mobile phones and there are those 
who cannot afford do pay internet bills [9]. Literature 
survey reveals that virtual learning is difficult to be 
implemented effectively because of social and cultural 
backgrounds,  infrastructural and administrative 
constraints, inadequate training of students and teachers in 
handling online classes, inaccessibility to smartphones,  
large classrooms, limited time, and lastly absence of 
pedagogy of the course that need lab experiments [10]. 
Moreover, inadequate access and availability of internet 

connection and the insufficiency of the latest technology 
also hinder students’ learning process. A study explored 
that off-line virtual learning becomes ineffective not for 
technological inadequacy and incompetence, rather for the 
lack of students’ positive learning attitudes, self-discipline, 
and lastly for their weak determination designed for online 
teaching [6]. According to another study, sometimes 
adopting and adapting new technological tools and 
resources in online teaching barely help students in 
fulfilling their goals as the students could not be at ease 
with those new systems [2]. However, the application of 
digital technologies for the exploration, improvement, and 
evaluation of educational packages cannot be ingested in a 
bombastic manner as both the students and the teachers 
have not yet been satisfactorily adapted to the digital 
literacy, Virtual Management Systems (VMS), and online 
teaching tools [11]. Therefore, the stakeholders need to 
incorporate teleconferencing facilities and use common 
social media platforms like Skype, Facebook messenger, 
Google meets, etc. to make the learners ease as well as 
learning process accessible to all [12]. Similarly,  the 
restructuring of online education requires certain measures 
like maintaining multi-faced communications with the 
students, parents, and staffs, ensuring adequate learning 
materials and, finally accessing online data and resources 
through social media tools, Google apps, and cloud 
computing for recovering learning data[13].  
 
Though the commencement of online learning and 
teaching poses various realities and challenges, it also 
creates prospects both for the teachers and students during 
the COVID-19 pandemic.  
 
In totality, the online mode of teaching is different from 
physical teaching in terms of educational approaches and 
methods, philosophy, and theories. Hence, it advocates the 
concept of humanism, reconstructionism, and 
connectivism that help the students to be holistic in nature, 
to use and recreate existing schematic knowledge, and to 
be connected with the modern globalized world using their 
reasoning capabilities. Online teaching can make the 
learners to be adept in using technologies, gaining lifelong 
learning, and being connected with the digital tools that 
ensure worldwide communication staying at any corner of 
the world [14]. Thus, the online mode can make the 
learners self-directed and connectivist in nature that 
ultimately lead them to accomplish their learning needs to 
be fitted in this technology-based world.  
 
Online teaching creates a sense of humanism, 
connectivism, self-regulation, and self-access among the 
students, sometimes they face difficulties in accessing the 
online mode of teaching platform. Van Dijk [15] therefore 
constructed four types of access difficulty that hinder 
students’ online progress. They are termed as mental 
access, material access, skill access, and usage access. 
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Term  Criteria  
Mental access Lack of fundamental digital experience 

because of want of interest, Computer 
anxiety and unsophisticated nature of  
digital tools  

Material 
access 

No computers or Digital devices; 
No proper internet connection 

Skill access Lack of digital skills because of  
Fewer user-friendliness attitudes; 
Infrastructural support; 
Educational and Social support 

Usage access Lack of proper distribution of resources 
 
In a similar vein, the study by Bernard et al.’s  [16] 
through questionnaires for the online inventory measures  
virtual learning in terms of  

a) readiness for online skills  
b) readiness for self-management 
c) readiness for beliefs about virtual learning and 
d) readiness for interaction with the teachers and  

other students 
Therefore, the present research is conducted taking into 
account the theory of Van Dijk’s online access 
interference and Bernard’s questionnaire for online 
learning. Hence, it focuses on the technical hitches based 
on Van Dijk and Bernard’s four types of difficulties 
mentioned above. 
 
Moreover, though the existing literature initiated a lot of 
challenges regarding the enactment of online learning in 
different educational contexts, there is a relative dearth of 
literature in Bangladesh on the issues and challenges 
found in teaching English as EFL and assessing the 
engineering learners’ language proficiency using the 
online platform. As a result, this research is carried out to 
explore the issues and challenges that prevailed in 
teaching English online in an engineering context. It also 
looks into the issues found in online assessment 
procedures. Finally, it advocates the necessary online 
technological tools that can adhere to the learning 
processes. 

2.1  Research questions 

This study foregrounds the following research questions to 
be focused on:  

a)  What kinds of challenges are faced by the 
Engineering students in learning English 
virtually? 

b)  How do the students adapt themselves with new 
platform/s of learning? 

c)  How is the reliability of the online assessment 
ensured? 

3.   RESEARCH DESIGN  
 
This segment of this research deals with how the study is 
conducted taking into consideration the population, 
sample, research method, and data collection and analysis 
procedures.  

3.1  Population and sample 
 
Engineering students of Bangladesh are selected as the 
population for this study. The sample of the article 
included 175 undergraduate engineering students studying 
at a public university in Bangladesh. Though 190 students 
were selected as a sample, finally 175 students responded. 
They are randomly selected from five engineering 
departments. Of them, 43 were from Mechanical 
engineering, 30 from Civil engineering, 35 from Electrical 
and Electronic Engineering, 37 from Computer Science 
and engineering, and finally 30 from Architecture 
department. Among them, 146 students were male and 29 
were female. 
In addition to this, 9 in-service teachers who conducted 
online English classes were also selected for an online 
interview. 

3.2  Research Instruments for Data Collection 
 

The study used a mix-method research design. It includes 
an online students’ survey questionnaire based on Van 
Dijk’s and Bernard’s theory and teachers’ semi-structured 
interviews as a research instrument for data collection. For 
this, Google form is used as an online tool to collect the 
students’ responses. The interview data are acquired 
through online mode from the teachers and recording of 
their voice clips are documented. Therefore, the research 
comprises quantitative questionnaire as well as qualitative 
interview data to assess the learners’ and teachers’ world-
view on the issues and challenges faced by them during 
the English language pedagogy during the COVID-19 
pandemic at an engineering university of Bangladesh. 
 
To do so, the survey questionnaire was prepared based on 
four segments namely the challenges faced in mental 
access, skill access, material access, and finally 
infrastructural access.  Each segment comprises 3 to 4 sub-
themes of challenges faced by the students.  

3.3  Data Analysis Techniques 

To secure valid and reliable data, first of all, learners’ 
questionnaire responses and the audio clip of the teachers’ 
interview are collected altogether. Then, the students’ 
questionnaire is analysed using MS Excel and SPSS 
software to show the relative frequencies and percentages. 
Moreover, the Likert scale is used to export the variation 
of the students’ perceptions. Similarly, to analyse 
interview data, firstly, the audio clip is heard and then 
transcribed into texts.  

Table I: Van Dijk’s access criteria based on digital 
divide research (2002)
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4.  FINDINGS AND DISCUSSION 

This section imperceptibly sketches the findings and 
discussions of the research study. 

Question 1: How much effective is the online 
pedagogy to you in learning English as EFL? 

Firstly, the students were asked to give their consent on 
the commencement of online education by the 
university authority and their prospect especially in 
learning English online. The finding poses that the 
students’ caveat regarding online English teaching and 
learning was not agreeable. In figure 2, 75% students 
(n=131) posit that they disagreed with the efficacy of 
online instruction in learning English as it lacks direct 
interaction which is the essence of the ‘communicative 
competence’ approach. 16% learners agreed that it is 
effective to them. Likewise, 8 teachers also gave 
consent in line with the students’ statement that it could 
barely improve the students’ English language 
proficiency as one of the teachers asserted “as we teach 
English as EFL in Bangladesh, many students still have 
paranoia on English language learning. When teaching 
English is conducted online, the weak students feel shy 
and distracted and cannot ask their problems to teachers 
instantly. Thus, their issues in language difficulties 
remain unsolved that encumber their linguistic 
proficiency. This is not present in the physical 
classroom” (response 1).  

 

 
 

Fig. 1: Students’ perception on whether the online 
teaching is effective enough or not in learning English 

Question 2: How much is the online instruction 
helpful to improve the English Language LSRW 
proficiency?

 
Fig. 2: Students’ perception on how much the online 
instruction helps in improving the English language 

LSRW proficiency 
 

Figure 2 postulates the students’ insight on whether 
online teaching can help them in developing their 
Listening, Speaking, Reading, and Writing (LSRW) 
skills or not. The majority of the students (69%) 
disagreed with that statement though 19% opined 
positively and 13% gave no consent on it. The reason is 
revealed by some of the teachers interviewed that in 
online learning, students remain in a unprepared state. 
They still could not be adapted to this learning system. 
Besides, different technological tools are used by 
different teachers leading to create confusion among 
them. Further, the majorities of the students are from the 
mediocre socio-economic background lacking proper 
Virtual Management Systems (VMS) and could not 
utilize the online resources. Some teachers also face 
difficulty in managing online tools that also obstruct the 
evenness of teaching. In physical listening and speaking 
classes, students remain rigorous about their 
performance in the debate, role-playing, discussions, 
presentations that are absent in online learning. In 
addition, another teacher shared during interview that, 
“Immediate feedback is delayed in online teaching. 
Therefore, the want of both written and verbal feedback 
in teaching the LSRW skills make them fossilized and 
continue with their errors” (response 2). 
 

Question 3: In your opinion, what are the 
prerequisite affordances for an online pedagogy? 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 3: Students’ preferences on the prerequisite 
affordances for online teaching 
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Fig. 6: Challenges faced in skill and self-management 
process 

 
 

Besides, 19% students (n=33) think that adapting with 
digital tools does not interfere with their learning route 
and paces. Similarly, 76% learners (n=133) encounter 
problems in taking their own learning responsibility and 
self-managing their schedules for online classes, doing 
assessments, completing quizzes, etc. Again, 63% 
students agreed that English online classes lack active 
interaction than physical classes which ultimately 
obstacle their development in speaking proficiency. 
 

Teachers’ interview result exposes that most of the 
learners complain that they could not keep pace with the 
online mode of instruction as it is highly self-regulated, 
lack spontaneous collaboration and adequate digital 
skills. Most of them opined that at the very beginning of 
the online instruction, students became demotivated in 
learning English because it is mostly self-paced in 
nature where students’ perseverance and 
accountabilities are of the utmost necessity. In spite of 
this, now they are taking it as normal and trying to be 
adjusted to the new norms. 
 

Question 7: How do the infrastructural and 
assessment processes affect the online ELT 
pedagogy?  
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 7: Challenges faced infrastructural and assessment 
process 

 

In figure 7, students opined about the assessment 
processes conducted in online learning. Earlier, 
students’ language proficiency was measured mostly by 
the summative form assessments. Nonetheless, this new 
learning system introduced formative assessments like 
continuous assignments, quizzes, solving puzzles, 
reports, and proposals instead of long narrative 
questions. Hence, this creates difficulty and discomfort 
among the learners to be adjusted within a couple of 
months. This is evident as 79% learners (n=139) felt 
that their LSRW proficiency is not measured properly 
by this new learning system. Previously, teachers opined 
that they took presentations, mock viva, debate sessions, 
role-playing sessions, etc. for speaking practices. All 
these are now impossible to carry on online given the 
large number of students in each group. As a result, 
their speaking skill is not measured and assessed 
properly. One of the teachers expressed, “Sometimes we 
tried to conduct online mock viva and presentations for 
developing students’ speaking fluency, but it happens 
that internet facility has gone or the students giving 
presentations from a remote rural area that has poor 
internet signal” (response 4). All these impede the 
assessment of learners’ speaking skill. Similar case is 
found in listening skill. Another teacher outlined, “As 
listening was practiced and assessed in English lab 
classrooms, they could learn staying in classrooms. But 
now, conducting lab classes has yet not been started and 
for this their listening skill is measured for the namesake 
just giving them some audio clips and asking to submit 
reports that lack the validity of assessment 
criteria”(response 5). Four teachers opined, “We are still 
not given any proper online rubrics for measuring their 
LSRW skills. Sometimes, different teachers use their 
different level strategies to assess the students’ language 
skills. Consequently, universality is destroyed in 
assessment procedures” (response 6). Further, 70% 
engineering learners responded that they lack 
infrastructural supports like providing technical and 
financial supports, e-resources, and socio-psychological 
counseling that work as great barriers for them in 
ensuing online education, though 21% stated that they 
had no idea about this and 9% disagreed this statement. 
 
Question 8: In your opinion, what are the most 
pertinent barriers that affect the online ELT 
pedagogy?  

Finally, students were given options to show their 
opinions on the issues that mostly hinder virtual 
learning systems. 90% learners (n=163) exposed that 
they lack digital smartphones that impede their learning 
system. Similarly, 87% (n=152) students responded that 
online English language learning systems are not 
conductive to develop their proficiency. 
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processes conducted in online learning. Earlier, 
students’ language proficiency was measured mostly by 
the summative form assessments. Nonetheless, this new 
learning system introduced formative assessments like 
continuous assignments, quizzes, solving puzzles, 
reports, and proposals instead of long narrative 
questions. Hence, this creates difficulty and discomfort 
among the learners to be adjusted within a couple of 
months. This is evident as 79% learners (n=139) felt 
that their LSRW proficiency is not measured properly 
by this new learning system. Previously, teachers opined 
that they took presentations, mock viva, debate sessions, 
role-playing sessions, etc. for speaking practices. All 
these are now impossible to carry on online given the 
large number of students in each group. As a result, 
their speaking skill is not measured and assessed 
properly. One of the teachers expressed, “Sometimes we 
tried to conduct online mock viva and presentations for 
developing students’ speaking fluency, but it happens 
that internet facility has gone or the students giving 
presentations from a remote rural area that has poor 
internet signal” (response 4). All these impede the 
assessment of learners’ speaking skill. Similar case is 
found in listening skill. Another teacher outlined, “As 
listening was practiced and assessed in English lab 
classrooms, they could learn staying in classrooms. But 
now, conducting lab classes has yet not been started and 
for this their listening skill is measured for the namesake 
just giving them some audio clips and asking to submit 
reports that lack the validity of assessment 
criteria”(response 5). Four teachers opined, “We are still 
not given any proper online rubrics for measuring their 
LSRW skills. Sometimes, different teachers use their 
different level strategies to assess the students’ language 
skills. Consequently, universality is destroyed in 
assessment procedures” (response 6). Further, 70% 
engineering learners responded that they lack 
infrastructural supports like providing technical and 
financial supports, e-resources, and socio-psychological 
counseling that work as great barriers for them in 
ensuing online education, though 21% stated that they 
had no idea about this and 9% disagreed this statement. 
 
Question 8: In your opinion, what are the most 
pertinent barriers that affect the online ELT 
pedagogy?  
 
Finally, students were given options to show their 
opinions on the issues that mostly hinder virtual 
learning systems. 90% learners (n=163) exposed that 
they lack digital smartphones that impede their learning 
system. Similarly, 87% (n=152) students responded that 
online English language learning systems are not 
conductive to develop their proficiency. 
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Fig. 8: Students opinion on the problems they think 
mostly hinder online teaching-learning process 

 
Accordingly, 61% students (n=106) suggest that the 
time management system is also a great challenge. 51% 
(n=89) learners conjecture that deficiency in digital 
literacy and skill is responsible for their poor 
performance in online assessment systems. Most of the 
teachers think that all these issues more or less affect 
online language learning progressions. 

4.1  Overall Findings 

The findings from the students’ questionnaire and 
teachers’ interview reveal that four types of difficulties 
namely the mental, material, skill, and assessment issues 
outlined by Van Dijk and Bernard in online education 
are largely confronted by the majority of engineering 
students in learning English.  
The results of the study in this research indicate that 
their language learning processes, outcomes, and 
proficiency are not up to the mark as almost all of the 
students have doubt and anxiety towards controlling and 
managing digital tools, providing uninterrupted internet 
access, digital devices, and finally regulating their own 
learning strategies and processes. Besides, they could 
not still wholeheartedly embrace this mode of new 
learning systems, especially in learning English, as they 
repeatedly yearn for the start of physical education 
where collaboration and interaction guide the learning 
cycles and processes. The students’ survey also 
indicates that their LSRW skills are not duly developed 
through this mode of learning schemes. 
 
Likewise, teachers too faced challenges in maintaining 
time as sometimes it happened that half of the class time 
was covered in letting the students join classes and 
ensure taking students’ attendance. Therefore, it became 
difficult for teachers to focus on the contents to be 
taught. Moreover, maximum teachers and students faced 
internet breakdown and poor networking that hindered 
the rate and route of the learning systems. 
Notwithstanding, lack of digital literacy and skills in 
using technological tools had also been explored both 

by the teachers and students as an impediment to 
learning English. Some teachers shared that they had to 
struggle a lot at the very beginning in sequencing and 
organizing the online materials and resources for 
teaching LSRW skills. One teacher utterly briefed that 
 
 “I had to stick to my laptop whole day to prepare class 
materials, test questions, quizzes, and assignments for 
my students keeping in mind their interest and needs. It 
was a huge physical and mental pressure for me to cope 
with these new norms” (response 7).  
 
The most challenging part indicated by the teachers was 
the assessment procedures. The interview results display 
that the assessments of the students’ progress are done 
by collecting assignments, proposals, and reports online. 
Almost all of the teachers put forward that as the 
evaluation system is open book exam, it was found that 
the students sometimes copy from online resources 
without understanding the questions. Besides, the 
students fail to submit their assignments on time. 
Therefore, teachers had to face ethical issues in allowing 
and accepting late tasks. Significant number of teachers 
reported having received answer scripts and assignments 
drafted by a tutor for a student. Two teachers said that 
assessing speaking and listening skills are not justified 
by the online mode as they lack the content and the 
criterion validity. Thus, the result of the study, to some 
extent, aligns with the research done by Ahmady, 
Shahbazi and Heidari [10].  
 
Though online pedagogy has enumerated a number of 
challenges for teachers and students, there are some 
prospects worth being optimistic about, as well. They 
are:  

 Scope of using a variety of online sources 
 Multiple materials 

Innumerable online tools and technologies 
Usage of creativity and reasoning capabilities as 
plagiarism checker is used by the teachers to 
evaluate assignments 

 
To conclude, the teachers shared that the learners went 
through acute psychological paranoia at the very 
beginning of the COVID-19 pandemic because of 
sudden impact on human beings across the globe. But, 
with the passage of time, both teachers and students are 
taking it as normal and trying to be adjusted to the 
online mode of education. 
  
 
4.2  Online Technological Tools effective for 

Teaching English in Bangladeshi 
Classrooms 

 
The online tools that are mostly used in the pedagogic 
context in Bangladesh are Zoom, Google Meet, Google 
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Classroom, and Facebook Messenger.. In addition to 
this, some other tools, and resources that can be useful 
for the English language learners are as follows: 
 
Other 
Online 
Platforms 

Webx Meet, Telegram, Padlet, Nearpod, 
Microsoft Teams, Adobe Connect, 
Schoology, Edmodo, Quipper School, 
UDEMY, Wiziq, Kahoof, Linguee, 
Quizzi, etc. 

Skill Useful Tools or Resources  
Speaking YouGlish, Merriam-Webster, Google 

Translate, FORVO, Voice of American 
Pronunciation Guide, The Color Vowel 
Chart, Dialogues for Everyday Use, 
Learning American English, Skype, etc. 

Listening ESL lab, ESL Lounge ,manythings.com, 
VOA, American English: Sing Out 
Loud, Ted Talks, TedX, 

Reading and 
Vocabulary 

Lingro, COCA, Class Dojo, Duo lingo, 
etc. 

Writing Google Docs, My Writing Lab, MS 
Word, Grammarly, Criterion, Turnitin, 
etc. 

 
The engineering students thus can use these resources to 
practice and develop their language skills. 

5.  CONCLUSION 
 

The survey study explored the issues and challenges 
faced in learning English as EFL by undergraduate 
engineering students in Bangladesh. For this, the theory 
of Van Dijk’s online access difficulty, connectivism, 
humanism, and Bernard’s online survey method are 
taken as theoretical underpinnings. It reveals the four-
level difficulties the students face while being a part of 
the online learning process. All the problems, in terms 
of mental, material, skill, and assessment structures are 
more or less found prominent in the virtual learning 
methods. Teachers also face challenges in choosing and 
organizing authentic materials; culturally sensitive 
online resources for teaching the LSRW skills. Though 
there prevail innumerable challenges, the positive 
feature is that the university authority and the 
Government are trying hard to afford the technological 
supports to the teachers and students as well. Finally, 
though it is taken as crisis-learning, the stakeholders are 
getting habituated to this new-normal mode of formal 
instruction and hopefully, the whole pedagogical 
platform will go through a massive change in the near 
future. To extend this study further, a question needs to 
answer in the future research whether this new normal is 
forcing a new divide between the upper and lower class 
especially in the third world country.  

 
 

REFERENCES 
[1] D. Cucinotta and M. Vanelli, “WHO declares 

COVID-19 a pandemic,” Acta Biomed., vol. 91, no. 
1, pp. 157–160, 2020, doi: 10.23750/abm.v91i1.9397. 

[2] R. A. Moawad, “Online Learning during the COVID- 
19 Pandemic and Academic Stress in University 
Students,” Rev. Rom. pentru Educ. Multidimens., vol. 
12, no. 1Sup2, pp. 100–107, 2020, doi: 
10.18662/rrem/12.1sup2/252. 

[3] C. M. Toquero, “Challenges and Opportunities for 
Higher Education amid the COVID-19 Pandemic: 
The Philippine Context,” Pedagog. Res. , vol. 5, no. 4, 
p. em0063, 2020, doi: 10.29333/pr/7947. 

[4] E. M. Mulenga and J. M. Marbán, “Is COVID-19 the 
Gateway for Digital Learning in Mathematics 
Education?,” Contemp. Educ. Technol., vol. 12, no. 2, 
p. ep269, 2020, doi: 10.30935/cedtech/7949. 

[5] E. J. Sintema, “E-Learning and Smart Revision Portal 
for Zambian Primary and Secondary School Learners: 
A Digitalized Virtual Classroom in the COVID-19 
Era and Beyond,” Aquademia, vol. 4, no. 2, p. 
ep20017, 2020, doi: 10.29333/aquademia/8253. 

[6] W. Bao, “ COVID n higher 
education: A case study of Peking University ,” Hum. 
Behav. Emerg. Technol., vol. 2, no. 2, pp. 113–115, 
2020, doi: 10.1002/hbe2.191. 

[7] E. Liguori and C. Winkler, “From Offline to Online: 
Challenges and Opportunities for Entrepreneurship 
Education Following the COVID-19 Pandemic,” 
Entrep. Educ. Pedagog. , vol. 3, no. 4, pp. 346–351, 
2020, doi: 10.1177/2515127420916738. 

[8] C. Pace, S. K. Pettit, and K. Barker, “Becoming :
Journal of the Georgia Association for Middle Level 
Education Best Practices in Middle Level 
Quaranteaching : Strategies , Tips and Resources 
Amidst COVID-19,” vol. 31, no. 1, pp. 1–13, 2020, 
doi: 10.20429/becoming.2020.310102. 

[9] M. Adnan, “Online learning amid the COVID-19 
pandemic: Students perspectives,” J. Pedagog. Res. , 
vol. 1, no. 2, pp. 45–51, 2020, doi: 
10.33902/jpsp.2020261309. 

[10] S. Ahmady, S. Shahbazi, and M. Heidari, “Transition 
to virtual learning during COVID-19 crisis in Iran: 
Opportunity or challenge,” Disaster Med. Public 
Health Prep. , no. June, pp. 141–143, 2020, doi: 
10.1017/dmp.2020.142. 

[11] V. Queiroz and R. Agnoletto, “COVID-19 and the 
challenges in Education,” Cent. Estud. Soc. e Tecnol., 
no. March, 2020, [Online]. Available: 
https://www.researchgate.net/publication/340385425. 

[12] D. Roy, “Trying to homeschool because of 
coronavirus ? Here are 5 tips to help your child 
learn,” no. March, 2020. 

https://www.researchgate.net/publication/340385425.


ELT PEDAGOGICAL PLATFORMS USED BY ENGINEERING STUDENTS IN BANGLADESH: A SURVEY-BASED STUDY OF THE ISSUES 
AND CHALLENGES DURING AND BEYOND COVID-19 PANDEMIC

DUET Journal  Volume 7, Issue 1-2, December 202135

[13] M. Dempsey and J. Burke, “Covid-19 Practice in 
Primary Schools in Ireland Report: A Two-month 
Follow-up,” no. April, pp. 1–275, 2020, doi: 
10.13140/RG.2.2.14091.03369. 

[14] G. Korkmaz and Ç. Toraman, “Are We Ready for the 
Post-COVID-19 Educational Practice? An 
Investigation into What Educators Think as to Online 
Learning,” Int. J. Technol. Educ. Sci., vol. 4, no. 4, 
pp. 293–309, 2020, doi: 10.46328/ijtes.v4i4.110. 

[15] J. Van Dijk and K. Hacker, “The Digital Divide as a 
Complex and Dynamic Phenomenon,” Inf. Soc., vol. 
19, no. 4, pp. 315–326, 2003, doi: 
10.1080/01972240309487. 

[16] R. M. Bernard, A. Brauer, P. C. Abrami, and M. 
Surkes, “The development of a questionnaire for 
predicting online learning achievement,” Int. J. 
Phytoremediation, vol. 25, no. 1, pp. 31–47, 2004, 
doi: 10.1080/0158791042000212440. 

 





1Center for Higher studies and Research, Bangladesh University of Professionals (BUP), Dhaka. 
2Department of English, Mawlana Bhashani Science and Technology University, Santosh, Tangail-1902 

  
ABSTRACT 

Now-a-days, higher education has already been expanded in a massive way due to the establishment of various educational 
institutions all over the country. The students in our country are eager to learn English because they have understood that 
English is the subject which has appeal all over the world. It has especial demand in job market too. ELT is the teaching of 
English as second or foreign language to people. Moreover, ELT also plays a vital role for learning English language 
everywhere. We have to ensure the quality of English language teaching in higher education level. The students who are 
learning English language in university especially in ELT classroom are supposed to be the future teachers of our country. 
The students of university level are mature enough to evaluate their teachers’ contribution in the classroom. The aim and 
purpose of our article is to clarify the contribution of the learners’ in ELT classroom especially in university level in our 
country. 

 
1.  INTRODUCTION 

 
Language   teaching, particularlyEnglish Language 
Teaching   hasundergone tremendouschanges over time..We 
all know that language is dynamic. It is always changing 
and the passage of language change started from the Anglo- 
Saxon period.  Still today the ever-changing mode of 
language is visible everywhere in the world. English is an 
international language and it is globally accepted as a strong 
means ofcommunication. . There are many countries in the 
world where English has been used as a mother or second 
or foreign language. . People in our country also want to 
learn English as they have understood the world wide 
appeal of this language.  In university level, students 
generally get themselves admitted in Honors level in a 
particular subject. Gradually, a student becomes an expert 
in his or her own subject. English literature and language 
both are taught to our students in university level. The 
students of our country complete their SSC and HSC in 
different schools and colleges and get themselves admitted 
in different public and private universities of the country. 
The students of our country can’t get themselves admitted 
in public universities in a body. Public universities can’t 
accommodate all the students as they have seat limitation. 
Rest of the students get themselves admitted in national and 
private universities of the country. Most of the private 
universities are situated in Dhaka city. There are a few 
private universities which are situated outside the capital 
city of our country.  

 
There are so many private universities in our country and 
ELT is taught in most of the public and private universities 
of our country. The problem is the status of English 
languageteaching in different educational institutions like 
primary, secondary and tertiary level is not the same. The 
contribution of the learners is very important here. In many 
schools and colleges we feel lack of good and well trained  
teachers. In villages the crisis of English teachers are very 

acute. In villages the colleges even face the deficiency of 
good teachers very seriously. The future of our country is 
basically dependent on the quality education. We have to 
ensure quality education in every educational institutions of 
our country. The prospect of ELT is very high in our 
country. We can ensure the status of ELT in our country by 
improving quality education in primary, secondary and 
tertiary level of education.. The students are the main 
stream of the ELT classes and their opinion must be 
evaluated. 
 
2.  OBJECTIVE OF THE STUDY 

 
The objectives of this study are- 
a)To explore the nature and scope of student’s contribution 
in ELT classroom, especially in University level. 
b)To evaluate the students perspective on the contribution 
of teachers in the ELT classrooms 
c)To assess the development of English Language Teaching 
at tertiary level in Bangladesh 
d)To find out the present condition of ELT in the classroom 
setting at tertiary level in Bangladesh.  
e)To find out the relationship between teacher’s and 
student’s attitude towards ELT classroom.  

3.  REVIEW OF LITERATURE 
 

Learners’ Contribution in ELT Classroom has been brought 
under focus by many linguistics and researchers. This has 
made the observation of ELT in the tertiary level of 
education more effective and many researchers have 
conducted studies on this particular topic. This literature 
review of this section deals with the background 
information on the history of ELT and the views and 
opinions of other researchers on ELT.This paper is written  
for the purpose of growing our stream of consciousness 
about the role of the teacher in classroom management and 
the traditional methods. We did not write the words of our 
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mind, but we wrote the collected facts that are published by 
different important people who dealt with these areas. The 
role of the teacher is said to be very important in achieving 
great results in reaching and learning process. Traditional 
methods were widely used in earlier time, but with the 
growth of other methods they were omitted. All that is said 
will be elaborated in details. By reading this paper it does 
not mean that we will be ones who will apply these methods 
in teaching, but we will try to avoid the traditional ones.  

 
The emergence of CLT occurred at the time when language 
teaching was looking for a change (Richards & Rodgers, 
1986). Due to the unsatisfactory traditional syllabus that 
failed to facilitate learners’ ability to use language for 
communication, linguists attempted to design a syllabus to 
achieve the communicative goals of language teaching 
(Richards & Rodgers, 1986). Wilkins’s (1976) notional 
syllabus had a significant impact on the development of 
CLT. To support the learners’ communicative need, 
Wilkins also (1976) included communicative function in a 
notional syllabus. Notions refer to concepts such as time, 
sequence, quantity, location, and frequency. 
Communicative functions refer to language functions such 
as requests, denials, offers, and complaints (Wilkins, 
1976).Based on the notional syllabus, a communication 
language form was developed. As a result, the design of 
foreign language syllabus focused on a learner-centered and 
communication- oriented language instruction (Richards & 
Rodgers, 1986).   

 
It is widely accepted that the role of the teacher and the 
students is very important in English Language Teaching. 
The teacher is a facilitator of his students’ learning. As such 
he has many roles to fulfill. He is a manager of classroom 
activities. In this role, one of his major responsibilities is to 
establish situations likely to promote communication. 
During the activities he acts as an advisor, answering 
students’ questions and monitoring their performance. At 
other times he might be a “co-communicator”- engaging in 
the communicative activity along with the students 
(Littlewood 1981). Students are, above all, communicators. 
They are actively engaged in negotiating meaning in trying 
to make them understood even when their knowledge of the 
target language is incomplete. They learn to communicate 
by communicating. Since the teacher’s role is less dominant 
in a teacher-centered method, students are seen as more 
responsible managers of their learning. (Larsen- Freeman, 
1986).  Larsen Freeman also says that in communicative 
language teaching the teacher is the initiator of the 
activities, but he does not always himself interact with the 
students. Sometimes he is a co-communicator, but more 
often he establishes situations that prompt communication 
between and among the students.  

 
Teachers give every individual student an opportunity to 
express and   share their ideas and opinions on a regular 
basis. This helps students “to integrate the foreign language 
with their own personality and thus to feel more 
emotionally secure with it (Littlewood 1981). Besides, the 
role of the learner’s native language in CLT is another 
factor. The students’ native language does not play any 

significant role in the Communicative Approach. The target 
language should be used not only during communicative 
activities but also in explaining the activities to the students 
or in assigning home work. The students learn from these 
classroom management exchanges, too, and realize that the 
target language is a vehicle for communication, not just an 
object to be studied. A teacher evaluates not only his 
students’ accuracy, but also their fluency. 

 
The teacher sets up the exercise, but because the students’ 
performance is the goal, the teacher must step back and 
observe, sometimes acting as referee or monitor. A 
classroom during a communicative activity is far from 
quiet, however. The students do most of the speaking, and 
frequently the scene of a classroom during a communicative 
exercise is active, with students leaving their seats to 
complete a task. Because of the increased responsibility to 
participate, students may find that they gain confidence in 
using the target language in general. Students aremore 
responsible managers of their own learning (Larsen- 
Freeman, 1986). 

 
A language teacher should have sufficient knowledge and 
techniques to inspire confidence in the heart of the students. 
Teaching English language is a very sensitive and technical 
matter. The teachers should be one hundredpercent alert to 
teach the students in the classroom. The views and visions 
of the students should be given priority. It is the duties and 
responsibilities of the teachers to motivate the students and 
create positive attitudes among ELT students. Teachers 
should be supportive and always be encouraging. Teachers 
should never be critical and destructive. ELT will be 
effective for the students after maintaining these procedures 
of teaching. In university level, the students are already 
mature enough. The maturity of the students should be 
valued very carefully. The choice of the students regarding 
learning a second or foreign language should be evaluated 
with sincerity.   

 
The universities were established in our country bearing a 
noble vision in the mind. The students of Bangladesh feel 
themselves frustrated when they fail to get chance in good 
educational institutions after passing HSC. Many of them 
used to go to our neighboring country, India for achieving 
higher education. The inception of private universities 
actually stops the tendency of going abroad for pursuing 
higher education. Definitely, the private universities bring a 
radical change in educational sector of our country.It also 
plays a great role in socio economic factor of the country. It 
saves our remittance as students are now getting themselves 
admitted in their own country. The problem lies in a 
different place. We can’t ensure the quality of education. 
The entrepreneurs of private universities establish these 
universities for gaining commercial benefit to some extent. 
They don’t bother about the quality of higher education. 
The students of our country come to the university level of 
education after completing SSC and HSC level of education 
from different schools and colleges. Previously, the students 
of our country completed SSC and HSC level in grammar 
translation method. Now-a-days, communication method is 
widely used in primary and secondary level of education. In 
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university level the students are mature enough and they get 
themselves admitted in different public universities of our 
country by facing a very tough and competitive 
examination. Therefore, the contribution of our students in 
the classroom should be evaluated sincerely. Unfortunately, 
it is not evaluated. We feel a clear gap between teachers’ 
performance and learners’ contribution in the classroom in 
university level of education. This gap should be removed 
for the sake of better education.The main objective of the 
study is to find out the learners’ contribution in ELT 
classroom especially in the university level of education. 

 
In our country, most of the classes are student -centered. 
The teacher plays the most important role in the class. The 
teacher is the boss. The teacher is the master. The teacher is 
the leader of the class. He is the guardian and philosopher 
of the students.A classroom is place where teacher and the 
students get together. A learner-oriented classroom always 
gives focus to the students. The main purpose of teaching is 
to teach students something new. The contribution of the 
students should be evaluated at first. The proper evaluation 
of students’ contribution in the ELT classroom will make 
the lesson more attractive and charming. There are various 
methods that are applied for teaching English Language at 
classes in university level. All these methods have one 
single purpose. The purpose is to teach the lesson 
effectively. The acceptance of these methods among the 
students must be given priority. 

 
From the foregoing literature review it is evident that there 
are many studies conducted on the area of ELT, but very 
few studies have been conducted to explore the perspectives 
on both the students and teachers contribution in ELT 
classroom, especially at the University level. This present 
study will play a very significant role in filling up the gap in 
the existing knowledge base of ELT.  

 
4.  METHODOLOGY OF THE STUDY 

 
The methodology used for the present article can be 
explained well under the flowing heads:   

a) Teachers’ questionnaire survey 
b) Students’ questionnaire survey 
c) ELT based classroom observation 
d) Library and internet research to study the 

theoretical development in ELT 
Beyond this methodology we presented in this article the 
sampling, instruments, data collection anddata analysis. 
 
4.1  Sampling 
Sampling helps us to get the result about the mentioned 
research topic. We have collected data from different 
educational institutions of Bangladesh. There are about fifty 
university teachers and and one hundred students from 
different universities of Bangladesh involved in our 
research.They actively participated in our research 
activities. 
 
 

Table I: Sampling Frame 
Serial 
No. 

Category 
of respondents 

Total 
Population 

Sample 
Size 

1 Universities 15 15 
2 Head of the 

Dept. 
10 10 

3 Teachers 700 50
4 Students 1500 100 

 Total 2,225 175 
Source: Field Survey, 2019 

 
4.2  Universities 
We have selected universities from the capital city of our 
country. There are so many universities around the country 
but we have selected only from Dhaka city. There are top 
ranked universities, mid-level universities and mediocre 
universities in our country. We have selected the 
universities from above mentioned three categories of 
universities. 
 
4.3  Teachers 
We used to pay surprise visit to those universities. 
Generally,we go to the teachers’ common room and make a 
readymade interview with those teachers. The teachers of 
those universities talked with us and we also talked with 
those teachers very franklyabout Learners’ Contribution in 
ELT Classroom. 
 
4.4  Students 
We all know thatuniversities are inevitable parts of 
education in the country.The students of universities are 
scattered here and there in our country. It is very easy to be 
intimate with the students. We used to visit those 
universities to talk with the students. We even arranged 
meeting with those students outside of the university 
campus. 
 
4.5  Instruments 
The instrument used in the research was conducted 
according to the purpose of the research. The main 
objectives of thispaper are to show the different methods 
and techniques that are used in ELT classroom in different 
level of education, especially in tertiary level of education 
and the contribution of the students in ELT classroom. The 
teachers use some methods or procedures to teach English 
language in different educational institutions of Bangladesh. 
The instruments used in this research include- i) 
questionnaire for students ii) questionnaire for teachers iii) 
teachers’ interview iv) students’ interview v) classroom 
observation. Relevantly, validity, reliability, practicality of 
testing has also come as the instruments of this paper. We 
used to talk with the students and teachers of those 
universities to learn the different aspects of the learners’ 
contribution in ELT classroom in our country. During 
ourconversation with those people we generally use audio 
cassette player, tape recorder and hand notes. 
Sometimes,we collect videos of the classroom to understand 
the classroom scenarios practically. 
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4.6  Data Collection 
The data is collected from different universities of 
Bangladesh.We prepared the list of different universities of 
different ranks at first;we have made a list in an alphabetic 
order. We physically visited those universities, talked with 
the teachers and students by arranging interviews and 
collected information about our deserved findings.  

 
4.7 Data analysis 
At first we collect data from different sources of inquiries. 
Later on, we process the data and we analyze those data 
from many different points of views. English Language 
Teaching is an inevitable part of education now-a-days in 
the tertiary level of education. Learners’ contribution in 
ELT classroom has actually come out by analyzing the data 
by paying visit to those universities and talking with the 
relevant people working there. Data analysis will bring out 
the effectiveness of ELT in different universities of 
Bangladesh. There are many short comings and loopholes 
and all these deficiencies are found out through data 
analysis.  

 
5.  RESULTS AND DISCUSSION 
 
Theoretical framework of our writing script will cover the 
following necessary elements. All these elements are 
directly related to Learners’ Contribution in ELT 
Classroom. These essential elements are given below:The 
whole syllabus will cover the four vital skills of 
communication, for example, listening, speaking, reading 
and writing. 

 
5.1 Curriculum and syllabus 
The universities of Bangladesh are run by the University 
Grants Commission. It is shortly known as UGC. The 
curriculum covers the whole thing. Syllabus is included in 
curriculum. Academic calendar is also included in 
curriculum. The universities of our country follow more or 
less the same syllabus. Now-a-days, ELT is generally taught 
in BA (Hons.) and MA level in most of the public and 
private universities of our country. Literature is still 
prevalent in English department and no one can deny the 
importance of literature in English. The syllabus is designed 
as per the rules and regulations of UGC. Generally, four or 
five courses are taught to cover the whole ELT syllabus. 
There are some universities where English department in 
divided into two groups- English literature and English 
language. This division is generally made in MA level in 
the English department. The demand of ELT has been 
increasing day by day and the students are also divided into 
two groups in English department. Some students want to 
study literature in their Honors and MA levels. Some 
students want to study English language in their Honors and 
MA level. The students have to choose their destiny. They 
are allowed to take literature. They are also allowed to 
choose English language in their academic career. ELT has 
become a sensation in modern period of studying English. 
Students are very eager to learn English language. 
Therefore, English language has occupied a major portion 
of syllabus. ELT even has become able to divide the 
English department into two groups. One group is known as 

literature group and the other group is known as language 
group.  
 
5.2 The Approaches/Methods 
We all know that there are some methods in teaching 
ESL/EFL in Bangladesh. These methods are given below: 
 
The Grammar- Translation Method is a traditional way of 
teaching a second or foreign language. Many teachers use 
this traditional method for many years. This method is also 
called the Classical Method since it was first used in the 
teaching of the classical languages, Latin and Greek. This 
method was used to teach the students foreign language and 
literature. This method has some advantages. The students 
will be competent to their own mother tongue by using this 
method in the classroom. The students will be more familiar 
with the grammatical rules and regulations of their mother 
tongue by using this language. It is a matter of great 
pleasure to learn a foreign language by using the mother 
tongue. It will make the students intellectually clever and it 
is a very good mental exercise (Larsen-Freeman 1986). 

 
Direct Method is also a popular method in teaching a 
foreignand secondary language. This method is preferred by 
comparatively mature students. There is a big difference 
between the grammar translation method and direct method. 
In grammar translation method the use of mother tongue is 
acceptable but in direct method the use of mother tongue is 
not acceptable. The students are highly encouraged to use 
the target language to become competent in the target 
language. Grammatical rules and regulations are given to 
the students to memorize it and use it in their learning. The 
initiation of the students is very low. The students are not 
encouraged in listening and speaking. They are encouraged 
in reading and writing. In ELT classroom the teacher will 
deliver his lecture in the target language and the students 
will also try to understand the lesson by using the target 
language.  

 
The fundamental purpose of this method is to use the target 
language in the classroom. The students become more 
competent in the target language. They become familiar 
with the grammatical rules and regulations of the target 
language. According to the teachers who use the Grammar- 
Translation Method, a fundamental purpose of learning a 
foreign language is to be able to read literature written in 
the target language. To do this, students need to learn about 
grammar rules and vocabulary of the target language. In 
addition, it is believed that studying a foreign language 
provides students with good mental exercise which helps 
develop their minds. It is the goal of the teachers in 
Grammar-Translation Method (Larsen-Freeman 1986). 

 
The teacher plays a very important role in direct Method. 
Their role is very traditional. The teacher is the authority in 
the classroom. The students learn grammar  
deductively. The students are asked to memorize the 
grammatical rules and regulations. They will memorize 
those rules and regulations and they will apply those  
grammatical rules and regulations in their writing. Native 
language words are given to the students. The synonymous 
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words of target language are also given to the students.  
The students will memorize it and put it accurately in their 
writing. Reading and writing are highly encouraged. 
Speaking and pronunciation are less prioritized in Direct 
Method. Pronunciation is given the least important (Larsen-
Freeman 1986).  
 
The Direct Method has one very basic rule: No translation 
is allowed. In fact, the Direct Method receives its name 
from the fact that meaning is to be conveyed directly in the 
target language through the use of demonstration and visual 
aids, with no recourse to the students' native language 
(Diller 1978). In Direct Method the students are highly 
encouraged to use the target language in the classroom. The 
use of native language is highly demotivated. The role of 
the teacher is very important in Direct Method. The teacher 
will demonstrate the students in the classroom. The teacher 
will not use other tongue in the classroom. Pictures, charts, 
graphs samples are used by the teachers in the classroom to 
make something clear to the students. The students highly 
encouraged to use the target language in the classroom. The 
students will naturally make mistake during their 
conversation. The teacher will not stop the students. The 
teacher will note down the mistakes of the students and he 
or she will inform the students about their mistake later on. 
The students are sometimes arranged in small groups to 
promote the skill of communication. The students get the 
opportunity to express their thoughts, emotion, ideas and 
opinions in the classroom. The teacher creates the 
environment of communication in the classroom (Larsen-
Freeman 1986). 
 
5.3 Materials/books 
We all know that ELT is a very vast subject. It has become 
impossible for the students to go through all those books to 
complete their syllabus. The assistance of the teachers is 
extremely necessary for the students. The students have to 
attend their classes regularly to understand the lecture of the 
teachers. The teachers will help them a lot. The teachers 
will suggest those recommended books and they will 
provide the students all necessary papers to complete the 
syllabus. 

 
5.4 Testing system 
Now-a-days, teachers evaluate their students by using 
different testing procedure. Grading system is prevalent in 
judging the merit of the students. Students have to take part 
in class test, quiz test, final test etc. Students have to submit 
the assignment papers to their teachers for obtaining marks. 
Marks are also allocated for attending the classes. The final 
CGPA is the cumulative of all these marks. We are going to 
describe some testing systems below: 

 
Proficiency tests are designed to measure people’s ability in 
a language. It doesn’t consider any previous training of the 
candidates in that particular area of testing. The word 
‘proficient’ means having sufficient knowledge or 
command of the language for a particular purpose. Suppose, 
a test is arranged to measure or determine a student’s 
language competency to follow a course of study at foreign 
university (Hughes 1989). 

Achievement tests are opposite to proficiency tests. 
Achievement tests are directly related to language courses. 
The purpose of achievement test is to measure the progress 
or achievement of the students in that area of learning. 
There are two types of achievement tests. One is known as 
final achievement test and the other  is known as progress 
achievement test. The final achievement test is taken at the 
end of the course of study. They may be written and 
administered by ministries of education, official examining 
boards, or by members of teaching institutions(Hughes 
1989).Progress achievement tests are intended to measure 
the progress that students are making. The teacher will 
arrange a series of tests to judge the progress of the 
students. The low scoring result will definitely discourage 
the students and it will work as an alarm. The students will 
be more alert to do better in the next examination for 
recovery (Hughes 1989). 

 
Diagnostic tests are used to identify learners’ strengths and 
weaknesses.  These tests are intended primarily to ascertain 
what learning still needs to take place. At the level of broad 
language skills this is reasonably straightforward. This type 
of testing will identify the weakness of a candidate in a 
particular language area for example, speaking, listening, 
reading, and writing. Indeed, existing proficiency tests may 
often prove adequate for this purpose (Hughes 1989).  
 
Placement tests are intended to provide information that 
will help to place students at the stage of the teaching 
programme most appropriate to their abilities. Typically, 
placement tests are used to assign students to classes at 
different levels. 

 
Direct testing requires the candidate to perform precisely 
the skill that we wish to measure. If we want to know how 
well candidates can write compositions, we get them to 
write compositions. If we want to know how well they 
pronounce a language, we get them to speak. The tasks used 
in the test should be as authentic as possible. Indirect testing 
attempts to measure the abilities that underlie the skills in 
which we are interested. For example, one section of 
TOFEL is developed as an indirect measure of writing 
ability. It contains the items of correcting the sentences. 
Actually, in this way the candidates’ writing ability is tested 
(Hughes 1989).  

 
Discrete point testing refers to the testing of one element at 
a time, item by item. There will be a series of items. Each 
test will have a particular grammatical structure. Integrative 
testing, by contrast, requires the candidate to combine many 
language elements in the completion of a task. This might 
involve writing composition, making notes while listening 
to a lecture, taking diction, or completing a cloze passage. 
Discrete point tests will almost always be indirect, while 
integrative tests will tend to be direct (Hughes 1989).We 
find that the differenc e between the objective testing and 
subjective testing is nothing but the method of scoring. No 
judgment is required in objective testing from the scorer. 
On the other hand, judgment  is required from the scorer in 
subjective testing. For example, a multiple-choice test is an 
objective testing. On the  other hand,  written Examination  
is a subjective testing (Hughes 1989).  
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5.5 Technology  
We all know that modern age is the age of technology. The 
extensive uses of technological equipment have already 
occupied the modern education system of our country. The 
use of black board and chalk has become obsolete long 
before. Teachers use technology in the class to teach their 
students. Laptop, Multimedia projector is very common in 
the classroom. Most of the universities have Wi-Fi 
connection and the use of internet is also very common. 
Students can use this modern technological equipment to 
enrich their knowledge. The use of technology in mobile is 
also very common. Students use their mobile set to take 
pictures of the slides. They also use their mobile to 
communicate with others through email and face book.  
 
5.6 Findings and Results  

 
Table II: Acceptable Methods in ELT Classroom 

Opinions asked 
by the researcher 
to the students 

Response 
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1.Grammartranslati
on method is very 
easy to understand 
the whole lesson. 

85% 10% 0% 5% 0% 

2.Theaudio 
lingual method 
helps the students 
to understand the 
lesson properly. 

80% 5% 0% 10% 5% 

3. The direct 
method is a very 
smart way of 
teachinglanguage 
in the class room 
and it is suitable 
for all the 
students. 

30% 5% 0% 5% 60% 

4.Communicative
languageteaching 
is based on 
mutual co-
operation and it 
makes the lesson 
more interesting. 

80% 5% 10% 0% 5% 

Source: Field Survey, 2019 
 

Firstly, the abovetable shows that 85% students strongly 
agree that grammar translation method is very easy to 
understand the whole lesson. 10% students agree with this 
fact and 5% students disagree with this opinion. 
Secondly,80% students strongly agree that the audio-lingual 
method helps the students to understand the lesson 
properly.5% students agree with this opinion, 10%students 
disagree and 5% students strongly disagree with the 
opinion. Thirdly, 30% students strongly disagree that the 
direct method a very smart way of teaching language in the 
class room and it is suitable for all the students.5% students 

agree with it. 5%students disagree with it and 60% students 
strongly disagree with it.Fourthly, 80% students strongly 
agree that communication language teaching is based on 
mutual co-operation and it makes the lesson more 
interesting5% students agree with this opinion, 10% 
students remain neutral and 5% students strongly disagree 
with this opinion. 

 
We can easily guess the mind of the students of the 
universities of our country. We all know that most of the 
students of private universities have come from mediocre 
background. They have completed their SSC and HSC 
levels in different schools and colleges of the country. The 
academic achievement of those students was not 
satisfactory. On the other hand, public university students 
have come to the university after facing a very tough and 
competitive examination. Private university students can’t 
qualify themselves in different public universities of the 
country. They have come to the private universities after a 
great deal of harassment and frustration. Their academic 
background is not solid. These students have chosen their 
subject based on their guardians’ decision and market value 
of that subject.Therefore, teachers have to come down to the 
students’ position. The teacher has to change his style of 
presentation to make his lesson interesting to the students. 
The level of the students is always a matter of consideration 
for the teachers of public and private universities. In 
grammar translation method the use of mother tongue is 
always encouraging and welcome. The students also feel it 
easy to understand the lesson easily by using this method. 
Therefore, the grammar translation method is very popular 
among the students. 

 
On the other hand, some university students are not very 
comfortable with the direct method. It is observed with 
great concern that the use of mother tongue is not allowed 
in direct method. The target language is widely used in the 
direct method. The students feel perplexed and they can’t 
understand the lesson based on the target language. 
Therefore, the direct method is not so popular among the 
students.Mature students like direct method. The students 
who have already come to the third year in Honors are 
interested to use direct method in classroom. The use of 
target language becomes easy for the mature students in 
university level of education is modern age is the age of 
technology. The young people are basically attracted by the 
technological equipment’s of the modern age. Therefore, 
the audio- lingual method is popular among the students. 
The Communicative Language Teaching is also popular 
among the students.The active participation of the students 
is a must in this method of teaching a foreign or second 
language. The students of universities like to participate in 
lesson during the class time.Therefore, the communicative 
language teaching is also acceptable among the university 
students in Bangladesh. 

 
The university authority should come forward to enlist 
some preliminary courses in the syllabus. The students will 
learn these courses before entering their main courses. In 
this way, the university authority can take initiative to make 
the background of their students strong. Some courses have 
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already been included in the syllabus but it should be 
included more elaborately.This article shows, analyses and 
interprets the characteristics of respondents, level of 
effectiveness of ELT in universities of Bangladesh (lesson 
preparation, lesson presentation, class control and record 
management), level of learners’ achievement, learners’ 
contribution in different universities of Bangladesh.  
 
5.7 Respondents’ characteristics 
The information about the background characteristics of 
respondents at the university level in Dhaka City has been 
presented in this section. The study was conducted among 
160 respondents from 15 different universities in Dhaka 
city. The variables presented in table 2 include the category 
respondents, sex, and age. The qualification and experience 
of teachers and directors of study are also included in the 
table. 

Table III: Background characteristics of respondents 

Variables Categories Total 
Population 

Valid 
Percentage 

Respondents 
Head of the 
Department 

15 100% 

Teachers 710 98% 

Sex 

Males 
teachers 

410 56% 

Females 
teachers 

300 44% 

Age of teachers 

27-34 400 56% 
35-40 293 41% 
41-45 7 1%

Above 45 10 1.4% 
Qualifications of 
Teachers and 
Head of the 
department 

Master 
Degree 

710 100% 

PhD 10 1.41%

Experience of 
teachers and 
Head of the 
Department 

Below 3 
years 

350 49.29% 

3-5 years 10 1.41%
6-9 years 340 47.89% 

Above 10 10 1.41%
Source: Field Survey 2019 

 
We have physically visited the English department of 
fifteen private universities of Dhaka city. The table shows 
that fifteen teachers have been working as the Head of the 
department in fifteen different universities of the country. 
There are about seven hundred and ten teachers working in 
those universities in the department of English. There are 
about 56% male teachers and 44% female teachers working 
in those universities of Dhaka city. 56% teachers belong to 
27 to 34 years. 41% teachers belong to 35 to 40 years. 1% 
teacher belongs to 41 to 45 years and about one and half 
percent teachers belong to 45 plus years. All the teachers 
are MA certificate holders. About one and half percent 
teachers have PhD degree. 49% teachers have less than 
three years teaching experience. About one and half 
percentage teachers have about five years teaching 
experience. About 48% teachers have 6 to 9 years teaching 
experience. About one and half percentage teachers have 
above ten years teaching experience. 

We have found that most of the universities recruit teachers 
among the fresh university graduates. These teachers 
recently have completed their university graduation with 
MA from the concerned department. They are very new in 
the job market. They have just started their teaching career. 
Later on, these fresh university graduates try their luck in 
different sectors in the job market. Some of them qualify 
themselves in the BCS. Some of them go to work in 
different governmental and autonomous organizations. 
There are some ambitious teachers in those universities who 
go abroad for achieving foreign degrees or for better jobs. It 
is observed with great concern that fresh graduates do not 
want to stay in private universities for a long time. Most of 
them want to go to cadre services. Some of them go to 
government universities and some of them go to better 
private universities. The students become the worst 
sufferers. They have become victimized. The teachers are 
coming and going very frequently. The young teachers are 
switching very frequently because they feel that most of the 
private universities are not providing them enough 
opportunities to build up their career. The University Grants 
Commission doesn’t pay any heed to these problems. 

 
Most of the teachers in public and private universities are 
qualified enough to teach the students properly. The 
methods and the techniques that are used by some public 
and private university teachers are very traditional. Some 
teachers don’t bother about the feelings, emotions and 
reaction of the students at all. The classes in ELT must be 
double way traffic. The active participation of the students 
is very necessary in the classroom. 

6.  CONCLUSION 
 

In this article, conclusions and recommendations were made 
according to the study result.Thisarticle is based on two 
different analyses – the importance toevaluate learners’ 
contribution in ELT classroom. The methods of English 
language vary from one university to another university. 
The importance of English language teaching is an 
undeniable fact. The English department all over the 
country is going to be divided into two different groups. 
One group is known as literature group and the other  group 
is known as language group. The language group is 
flourishing day by day and the students are very eager to 
learn English language. It helps them a lot to build up their 
career in future. The active participation of the students in 
English language classroom is inevitable. It will make the 
lesson more interesting. The maturity of the university 
students must be evaluated. We can never ignore the fact.  
Another important thing is the teaching methods or 
procedures used by the teachers in different public and 
private universities of the country. We all know that most of 
the students of the private universities are very weak in their 
subject. They have got an opportunity to get higher 
education living in this country. It is the duty of the private 
university teachers to make the lesson interesting and 
attractive for the students. The teachers should be alert to 
make the lesson enjoyable to the students. They must judge 
the quality of the students at first. The finding reveals the 
fact that private university students are not equal to the 
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public university students. They are weak in many respects 
and their weakness should be removed by implementing 
effective methods. 

 
The finding of the study is a very important discovery for 
the university teachers and students as well. The ELT 
students in different universities are playing a very 
important role for the development of our education.  Their 
proper nourishment is very important to ensure the quality 
education of the country. We,therefore,recommend all ELT 
teachers to try their level best to enlighten the  students by 
teaching them English language properly. We see problems 
everywhere under the sun. All these problems should be 
overcome by ensuring proper and quality education for our 
future generation.We all know the fact that language is a 
very dynamic area of knowledge. It is always changing. 
Since the Anglo-Saxon period language is always changing 
its form, color, status everything. Language is an open field 
to do the work of research. A true research will reveal some 
findings and the rectification of those findings will improve 
the quality of the research area. Actually we can do a lot of 
improvement in ELT among the university students of our 
country. We have to teach our students according to the 
requirement of the present age. 

 
The learners’ contribution in ELT classroom is an 
undeniable fact. The researchers of the future generation 
will come forward to find out more important findings and 
the concerned authority will take a strong initiative to 
remove all those problems.We have physically visited 
fifteen universities of Dhaka city. There are many other 
public and private universities around the country. 
Probably, the future researchers will visit most of the public 
and private universities and they will try to find out the 
problems, follies, absurdities, loopholes,etc. of those 
universities in teaching ELT.Our concentration is basically 
on learners’ contribution in ELT and the methods or 
procedures that are applied for teaching ELT in different 
universities of Bangladesh. English language is a very vast 
subject. It is always changing. Every day new things are 
coming. We have to cope with the ever-changing 
characteristics of English language. The future researchers 
will try to find out the better ways of teaching English 
language.Our second focus is the procedures that are 
applied by the teachers of the universities during the time of 
teaching English language in the classroom. There are some 
established techniques of teaching English language in the 
class room. The future researchers will probably try to find 
out some new, innovative techniques of teaching English 
language in the classroom. This field of work is also open 
for the future researchers. 

 
We all know that teaching is a very noble profession. ELT 
classes produce future teachers. The people who are 
involved in this profession are different sort of people in the 
society. Teaching is different from all other professions of 
the world. The teachers should be aware of this fact. The 
teachers should be immaterialist. The nation needs devoted 
teachers. The devotion and sincerity of the teachers and 
participation of the students in ELT classroom can make the 
whole teaching environment very fruitful and enjoyable.The 

young generation should come to this profession by 
understanding the importance of teaching language to the 
students of modern age. The young teachers should be more 
innovative to get some new techniques to teach the lesson in 
the classroom. The purpose of the teachers in general is to 
make ELT classes more enjoyable and effective with the 
active participation and contribution of ELT students. 
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ABSTRACT 

 
Direct tension test of soft clayey soil without sampling disturbance is a challenging task. In addition, no standard method 
for direct tension test of clayey soil is available till to date. The main objectives of this study were to improve the strength, 
toughness and desiccation cracking properties of soft clay by inclusion of coir and jute fiber in discrete orientation. To 
achieve these goals, a new test set-up has been designed and fabricated in this study for conducting disturbance free direct 
tension test of compacted clayey soil and clay-fiber mixtures. A detailed description of the test set-up and the 
methodology are presented in this paper. A series of direct tension tests have been conducted on clay-coir and clay-jute 
fiber mixes using fabricated test set-up. A number of unconfined compression tests and desiccation cracking tests have 
also been performed. The test results show an excellent performance of the new test set-up in terms of simplicity, 
repeatability and reliability. The tensile strength of fiber reinforced soil increases up to 475% and 215% upon mixing of 
coir and jute fiber respectively. It is observed that addition of 2% coir and 1% jute can meaningfully enhance the tensile 
strength and ductility of soft clayey soil. The unconfined compressive strength of fiber reinforced clayey soil increases up 
to 145% and 136% using coir and jute fiber respectively. Moreover, desiccation test results showed that inclusion of fibers 
reduces the width and depth of cracks considerably. 
 
Keywords:  Direct tensile strength; toughness index; absolute toughness; optimum fiber content; desiccation crack. 

 
1.  INTRODUCTION 
 
Engineering properties such as tensile strength and 
desiccation cracking of fine-grained soil are two 
major properties that control performance of earthen 
structures such as hydraulic barriers [1-3], slopes 
[4,5], levees [3,6], highway [7] and railway 
embankments [2,8]etc. The tensile strength of 
compacted clayeysoil significantly depends on water 
content [9]. Besides, clayey soils with higher 
plasticity are found to shrink more on desiccation that 
lead to crack when the minor principal stress exceeds 
its tensile strength [10,11]. Breaching may also be 
initiated by penetrating water into these cracks of clay 
levees [3]. The mechanical and hydraulic properties of 
soil are affected by cracks in soil. Morris et al. [12] 
found that the tensile strength and bearing capacity of 
cracked soil is much less than that of un-cracked soil. 
Cracks in soil increase the hydraulic conductivity of 
soil which reduces the capacity of reservoirs (9,13-
15]. Thus, it becomes necessary to reduce size of 
cracks in earthen structures. It can be done by 
improving tensile strength and shrinkage properties of 
soil. 
 
The tensile strength of soft clay reinforced with coir 
was investigated by Anggraini et al. [16, 17] and 
observed a significant increase in indirect tensile 
strength. Correia et al. [18] also reported that the 

indirect tensile strength of soil can be increased 
significantly by using polypropylene fiber. Increase in 
tensile strength also increases the stability of slope 
due to reinforcement provided by plant roots as 
reported by Cappiler et al. [19]. Similar results have 
been reported by investigators for coir and synthetic 
fiber reinforced clayeysoil [20,21]. A significant 
improvement of ductility of reinforced soil has been 
reported by several studies (16-18,20, 21]. The 
hydraulic properties of earthen structures could be 
controlled by improving tensile strength and 
desiccation cracking behavior of soil. Joyasree et al. 
[22] studied characteristics of coir reinforced 
expansive soil and found significant improvement of 
its shrinkage properties. 
 
Determination of tensile strength of clayey soil by 
direct method is a complicated work. So, tensile 
strength of soil is determined by using indirect 
methods such as Brazilian tensile test, hollow cylinder 
test, flexure beam test, double punch test, unconfined 
penetration test etc. by many researchers [16, 17, 23-
26]. The Brazilian tensile test is suitable for relatively 
stiff material and therefore cannot be reliably used to 
test saturated clay soils that exhibit plastic behavior 
[26]. Hollow cylinder tests require complex specimen 
preparation due to their hollow geometry. On the 
other hand, preparation of flexural beam test 
specimens is relatively simple but results are sensitive 
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to loading geometry in addition to strain rate, 
specially, for plastic material like soil. Double punch 
test and unconfined penetration test also have 
limitations to test plastic soil. Determination of tensile 
strength using these indirect test methods are based on 
a number of theoretical assumptions and hence cannot 
properly reveal the inherent mechanisms of soil 
tensile behaviors. On the other hand, direct tension 
test is more suitable for knowing tensile behavior of 
clayey soil when compared to indirect test methods. 
Some researchers [21, 27-31] conducted direct tension 
test on soil by fabricating direct tension test setup of 
various sample sizes, shapes and orientations. 
 
The indirect tensile properties of different soils 
containing various kinds of fiber reinforcements have 
been explored by many investigators. But, the studies 
on direct tensile characteristics of soft clayey soil 
containing coir and jute fibers are very few. It is 
likewise important to develop a simplified set-up for 
direct tension test of soft clay specimens without 
sampling disturbance. Hence, this study focuses on 
investigation of the direct tensile behavior of a 
selected clayey soil containing coir and jute fibers 
with the help of newly designed set-up. 
 
2.  MATERIALS AND METHODS 
 
A number of direct tension tests has been 
undertakentovisualize the direct tension 
characteristics of soft Gazipur clay. A short 
description of the materials used and methodology 
followed is described below. 
 
2.1  Materials 
 
The materials used for the present study are soil, coir 
and jute fibers are same as those used in the study of 
Taiyab et al. [32]. The clayey soil was collected from 
a marshy land of Gazipur City Corporation (GCC), 
Bangladesh. The collected soil was air dried, crushed 
and sieved through No. 12 sieve before preparation of 
test specimens. The color of the soil was brown. 
Engineering properties of the soil used in this study 
are listed in Table I [32]. Coir has been extracted from 
coconut husks. The collected coir was cleaned by 
potable water without use of chemical additives and 
dried in room temperature. Then the fibers are cut to 
achieve required length (25 mm) by scissors. The jute 
fiber used in this study is collected from local market 
of Gazipur. The coir and jute fiber used in the present 
study are shown in Fig. 1 and 2 respectively.The 
fibers were carefully cut to desired length of 30 mm. 
The basic properties of coir and jute fiber used in the 
present study are listed in Table II [32]. 

2.2  Compaction test 

Compaction test is usually conducted to determine the 
optimum moisture content and maximum dry density 
of geo-materials. In this study, six batches of base soil 
and soil-fiber mixtures were prepared at different 

moisture content and kept in air-tight polyethylene 
bag over night to achieve moisture uniformity. The 
soil-fiber mixtures were remixed thoroughly to have a 
homogeneous distribution of fibers on the next day 
and standard Proctor compaction tests were performed 
on these base soil and soil-fiber mixtures as per 
standard test method of ASTM D 0698 [33]. 
Following that, the maximum dry density (MDD) and 
optimum moisture content (OMC) for all mix 
proportions were determined 
 
Table I: Properties of base soil used in this study [32] 

 Parameters  Value  
Specific Gravity 2.63 

Liquid Limit 38 % 
Plastic Limit 21 % 

Plasticity Index 17 % 
Natural Moisture Content 23.6% 

Optimum Moisture Content 17 % 
Maximum Dry Unit Weight 16.7 kN/m3 

Unconfined Compressive Strength 73.2 kPa 
CBR (Unsoaked) 14.5% 

CBR (Soaked) 5.0% 
Soil Type (USCS) CL 

 

 
Fig. 1: Photograph of coir fiber used in this study 

[32]. 
 

 

 
Fig. 2: Photograph of coir fiber used in this study 

[32]. 
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Table II: Properties of coir and jute fiber used in this 
study [32] 

Parameter  Jute Fiber  Coir  
Color Brown Brown 

Average diameter 
(mm) 0.1 mm 0.25 mm 

Average length  30 mm 25 mm 
Aspect ratio 300 100 

Fiber content (%) 0.5, 1.0, 
2.0 1.0, 2.0, 3.0 

 
 
2.3  Unconfined compression Test 
 
The shear strength of a clayey soil can be easily 
estimated by determining its unconfined compressive 
strength. The samples for unconfined compression 
test were prepared with1 %, 2 % and 3 % of coir, and 
0.5 %, 1 % and 2 % of jute fiber of dry weight of the 
soil-fiber mixture. Water was added to obtain required 
moisture content of OMC and OMC�5% of the soil-
fiber mixtures and kept in air-tight bag for 24 hours to 
achieve moisture homogeneity. Then the unconfined 
compression test specimens were prepared in split 
type mold having an inside diameter of 101.6mm and 
a height of 203.2mm by using standard Proctor 
compaction effort. Then the unconfined compression 
tests were conducted as per ASTM D 2166 [34]. 
 
2.4  Direct Tension Test 
 
Direct tension test is very important to capture the 
behavior of soil subjected to tension. Any standard 
method for this test is not available now. So, a direct 
tension test set-up has been designed for current 
research to adopt it in the existing direct shear test 
apparatus in the laboratory. This set-up is modified 
version of those used by past investigators [26-29] in 
view of straightforwardness of test planning and less 
disturbance at placement of the test specimen in the 
testing equipment. Dimensional adjustments are made 
to the size of the split type direct tension test mold to 

fit it in the laboratory direct shear test apparatus. A 
photo of the adjusted direct tension test mold 
indicating dimensions is shown in Fig. 3(a). The 
length and thickness of test specimen are 90 mm and 
25.5 mm respectively. The cross-sectional dimension 
of the specimen at neck is 30 mm × 25.5 mm. To 
minimize friction between specimen and bottom 
surface of the mold, the bottom surface of the mold 
was lubricated prior placement of the testing materials 
at the time of preparing the test specimen. After the 
specimen was compacted, the sample along with the 
compaction mold was placed into the testing 
equipment. Fig. 3(b)-4(d) show compaction of 
specimen, test equipment and specimen after failure 
respectively. Thus, disturbance at extrusion of 
specimen from mold and placement in the equipment 
is eliminated in this direct tension test setup. The rate 
of deformation was maintained as 1.0 mm/min 
throughout the test. Finally, the tensile strength (σt) 
was calculated by dividing the maximum tensile load 
(Pmax) by the cross-sectional area (i.e., 30 mm ×25.5 
mm).  

 
2.5  Desiccation Cracking Tests 
 
The desiccation cracking tests were conducted using 
metal molds with a rectangular cross section. The 
lengths of the molds were set considerably larger than 
the widths to generate parallel cracking during drying 
of soils. The mold dimensions are shown in Table III. 
Room temperature was maintained 300C to 350C and 
relative humidity 62% to 65% during these tests. The 
base soil and soil-fiber mixture were mixed 
thoroughly with water to its liquid limit and covered 
in air-tight bag for 24 hours to achieve moisture 
uniformity. The soil mixtures were then placed into 
the molds up to the full thickness using a spatula. The 
side walls of the mold were lubricated prior to 
placement of soil to minimize adhesion of the soil to 
the side walls. In each test, 5 rectangular molds were 
used. Some of these molds were used for observation, 
crack initiation and evolution, and the others for 
moisture content measurement during drying.  
 

 
 

Table III: Summary of desiccation cracking tests 

Test No.  
Mold 

dimensions in mm  
(L × W ×D)  

Number of  
molds used  

Test  
duration  

(hr)  

Initial water  
content (%)  

Relative  
humidity  
(% RH)  

Material of  
molds used  

1 600×25×20 5 288 38 62-65 Metal 
2 600×25×30 5 336 38 62-65 Metal 
3 600×50×10 5 288 38 62-65 Metal 
4 250×25×10 5 192 38 62-65 Metal 
5 600×25×10 5 288 38 62-65 Metal 
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(a) (b) 

 

  
(c) (d) 

 

Fig. 3: (a) Dimensions of direct tension test mold (b) compaction in the split type mold (c) sample placed in direct 
tension test device (d) sample after test. 

 

2.6  Toughness Behavior at Direct Tension 
 
The toughness behavior of reinforced soft clay in the 
post peak zone is studied for all the direct tension test 
specimens. The toughness index is determined from 
normalized curves. The load and the deformation axes 
were normalized with respect to the load and 
deformation respectively at the peak load. A 
dimensionless direct tension toughness index (TI) is 
defined to understand the post peak behavior as 
proposed bySobhan and Mashnad [35]: =  −− 1  

where dp = deformation at peak load Pmax; d = any 
deformation that is greater than the dp value; Ap= area 
under the normalized curve up to the peak; and Ad = 
area under the normalized curve up to the deformation 
ratio d/dp . 
 
3.  RESULTS AND DISCUSSIONS 

 
3.1  Moisture Density Relationship 
 
The variations of maximum dry density (MDD) of 
reinforced clayey soil with fiber content are presented 
in Fig. 4. It shows that MDD of reinforced soil 
decreases with increase in fiber content. The MDD of 

soil decreases by 8.1%and 6.8%on using 3.0% coir and 
2% of jute fiber respectively. Reduction of MDD of 
fiber reinforced soil may be due to use of fibers having 
lower specific gravity compared to soil particles and 
increased void spaces in the soil-fiber mixes due to 
reduced compactibility in presence of fiber. The effect 
of fiber content on the optimum moisture content is 
presented in Fig. 5. The OMC of soil increases from 
17% to 20% for using 3% coir and 17% to 22% for 
using 2% jute fiber. This increase in OMC with 
increase of fiber content is a clear indication of the 
reduction of compactibility with inclusion of fiber in 
soil. Similar results for inclusion of fiber were found by 
previous studies [36, 37].Also, it can be observed that 
the OMC of coir-reinforced soil is less affected by the 
addition of coir when compared with that of jute fiber. 
 
3.2  Compressive Strength Characteristics  
 
The stress-strain plots of unconfined compression test 
on coir and jute fiber reinforced soil samples are 
presented in Fig. 6 and Fig. 7, respectively. These 
samples were prepared at their OMC and OMC�5%. 
Test results show that strain of fiber reinforced samples 
at failure is larger than that for the virgin soil. Thus, it is 
evident that addition of discrete natural fibers in clayey 
soil increase ductility by notable amount. Mattone [38] 
also observed increased ductility for sisal fiber and 
polypropylene fiber reinforced soil. 
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Fig. 5: Effect of fiber content on OMC of fiber 

reinforced soil.  
 

The effects of percentage of coir and jute fibers on the 
unconfined compressive strength (qu) of reinforced 
clayey soil are shown in Fig. 8 and Fig. 9, respectively. 
While comparing among the results of samples 
prepared at OMC-5%, the quof coir reinforced soil 
increases up to 141%. Meanwhile, the quof coir 
reinforced soil increases up to 145% and 119% for 
samples prepared at OMC and OMC+5% respectively. 
Similarly, the quof jute fiber reinforced soil increases up 
to 119% for samples prepared at OMC-5%, 135% for 
samples prepared at OMC, and 136% for samples 
prepared at OMC+5%. The impact of moisture content 
is significant as it can be seen from these figures. For 
example, quof 2% coir reinforced soil get reduced by 
60% and qu of 1% jute fiber reinforced soil get reduced 
by 50% on increasing moisture content by 5% above 
OMC. These figures also that the compressive strength 
increases up to 2% coir and up to 1% of jute fiber. 
Further increase in fiber content reduces the 
compressive strength. Thus, optimum fiber content to 
increase unconfined compressive strength can be 
considered as 2% for coir and 1% for jute fiber. 
Enokela and Alada [20] also found maximum 
compressive strength at 2%coir content for reinforced 
alluvial soil. The reason for increase in unconfined 
compressive strength may be attributed to the 
generation of tensile force in the reinforcements on 
application of load on fiber reinforced samples. The 
tensile forces in fibers resist shear strain of soil due to 
adhesion between fiber and soil particles and thus 
impart additional shear strength. However, at higher 

amount of fibers, the density reduces and the cohesion 
between fiber and soil particles is impaired and hence 
the compressive strength decreases. Fig. 8 and Fig. 9 
also indicate that qu decreases with increase in molding 
moisture content.  
 
3.3  Direct Tension-Deformation Characteristics 
 
Fig. 10 and Fig. 11 illustrate direct tensile load versus 
deformation curves for coir and jute fiber reinforced 
soil respectively. It can be seen that the tensile load 
increases almost linearly with increasing deformation 
before reaching the peak value, where tensile failure 
occurs. After that, the specimen without fiber 
reinforcement, the tensile load drops to zero at small 
increase in deformation, indicating less ductility of the 
specimen. For all fiber reinforced specimens, on the 
other hand, due to the presence of fibers, some residual 
tensile loads were preserved after failure. It is an 
indication of the fact that the fiber inclusion was 
effective in improving soil ductility. This is due to bond 
slippage of the fibers. Divya et al. [28] conducted 
experimental investigation on bentonite-amended 
natural silty soil reinforced with polyester fiber and 
found similar results. 

 
A comparison of change in tensile strength with fiber 
contents for coir and jute fiber reinforced soils are 
demonstrated in Fig. 12 and Fig. 13 respectively. It is 
seen in Fig. 12, that the tensile strength increases from 
33kPa to 71kPa, when the coir content increases from 
0% to 2.0% for samples prepared at optimum moisture 
content (OMC). Whereas, the tensile strength increases 
from 76kPa to 148kPa, when the coir content increases 
from 0% to 2.0% for samples prepared at water content 
of 5% less than the OMC. On the other hand, the tensile 
strength increases from 11kPa to 59kPa, when the coir 
content increases from 0% to 2.0% for samples 
prepared at water content of 5% more than the OMC. 
Fig. 13 shows that the tensile strength increases from 
33kPa to 55kPa, when the jute fiber content increases 
from 0% to 1.0% for samples prepared at OMC. The 
tensile strength increases from 76kPa to 161kPa, when 
jute fiber content increases from 0% to 1.0% for 
samples prepared at water content of 5% less than the 
OMC. On the other hand, tensile strength increases 
from 11kPa to 23kPa, when jute fiber content increases 
from 0% to 1.0% for samples prepared at water content 
of 5% more than the OMC. While comparing the tensile 
strength of coir reinforced soil samples prepared at 
OMC-5%, it can be seen that the tensile strength 
increases up to 214%. Meanwhile, the tensile strength 
of coir reinforced soil increases up to 232% and 475% 
for samples prepared at OMC and OMC+5% 
respectively. Similarly, the tensile strength of jute fiber 
reinforced soil increases up to 132% for samples 
prepared at OMC-5%, 168% for samples prepared at 
OMC, and 215% for samples prepared at OMC+5%. It 
also indicates that the tensile strength of 2% coir 
reinforced soil get reduced by 35% and tensile strength 
of 1% jute fiber reinforced soil get reduced by 59% on 
increasing moisture content by 5% above OMC. 
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Fig. 6: Stress-strain curves obtained from unconfined 

compression test on coir reinforced soil at 
different moisture content. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Stress-strain curves obtained from unconfined 
compression test on jute fiber reinforced soil at 

different moisture content. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 8: Effect of coir content on unconfined 

compressive strength.  

 
Fig. 9: Effect of jute fiber content on unconfined 

compressive strength.  

 
Fig. 10: Direct tensile load-deformation curves of coir 

reinforced soil at different water content.  
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Fig. 11: Direct tensile load-deformation curves of jute 
fiber reinforced soil at different water content. 

 
 
Both Fig. 12 and Fig. 13 show that addition of discrete 
fiber up to 2% of coir and 1% of jute fiber increase the 
tensile strength of clayey soil significantly. This is 
mainly because when the specimen was subjected to 
tensile load, the slip of fibers in soil matrix was 
restricted by the interface adhesion between fiber and 
soil particles. Consequently, fibers were capable of 
sharing some tensile load in soil matrix, and hence use 
of discrete fibers increases the tensile strength. 
However, further increase in fiber content decreases the 
tensile strength of the soil-fiber matrix due to less 
bonding between fiber and soil. Therefore, the optimum 
fiber content can be taken as 2% for coir and 1% for 
jute fiber when they are used in random distribution to 
maximize tensile strength of clayey soil. Anggraini et 
al. [16] found maximum tensile strength at 1.5% coir 
content for reinforced soft marine clay that is similar to 
that observed in the present study. From Fig. 12 and 
Fig. 13, the increase in tensile strength is slightly 
greater for the case of jute fiber than for the case of 
coir. But a further increase in fiber reduces the tensile 
strength for jute fiber reinforced soil while it increases 
for coir reinforced soil up to 2% coir. 
 

 
Fig. 12: Effect of coir content on tensile strength of soil. 

 

 
Fig. 13: Effect of jute fiber content on tensile strength 

of soil. 

3.4  Toughness Behavior at Direct Tension 
 The average values of TI are plotted against moisture 
content and fiber content in Fig. 14 and Fig. 15 
respectively. For the purpose of TI calculation, the d/dp 
value was chosen up to 3 for all the specimens. Fig. 14 
indicates that the effect of moisture on the TI of studied 
fiber reinforced soil is negligible when compared to that 
for original clay. The TI of soft clay increases notably 
with increase in moisture content. Whereas, such 
increase in TI is not present in case of same clay 
reinforced with coir and jute fiber. Besides, the TI 
increases notably with a small amount of coir (1%) and 
jute fiber (0.5%) for samples prepared at their OMC-5% 
and OMC as shown in Fig. 15. But, the TI is observed 
to decrease by small amount for the samples prepared at 
OMC+5% moisture content. Change in TI on further 
inclusion of fiber is insignificant.  
 
The absolute toughness (T) of fiber mixed soft clay is 
defined as the area under the load-deformation curves 
up to failure, and it indicates the total energy absorbed 
by the material before failure. The variations of T with 
variation of moisture content and fiber content are 
presented in Fig. 16 and Fig. 17 respectively. Fig. 16 
indicates that T decreases almost linearly with increase 
in moisture content for both coir and jute fiber 
reinforced clayey soil. Fig. 17 demonstrates that T 
increases with increase in coir content of 2% and jute 
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fiber content of 0.5%. Further increase in fiber 
decreases T at all the studied moisture content of coir 
reinforced clay. This decrease in Tis observed for the 
jute fiber reinforced sample prepared at OMC-5% only. 
A minor change in T for jute fiber reinforced samples at 
OMC and OMC+5% is observed for fiber content 
greater than 0.5%. The increase in Tis found up to 18 
times due to addition of fiber. 

 

 
Fig. 14: Effect of moisture content on the toughness 

index of coir and jute fiber reinforced soil.  
 

 
Fig. 15: Effect of fiber content on the toughness index 

of coir and jute fiber reinforced soil.  
 

 
Fig. 16: Effect of moisture content on the absolute 

toughness of coir and jute fiber reinforced soil.  
 

 
Fig. 17: Effect of fiber content on the absolute 
toughness of coir and jute fiber reinforced soil.  

 
Desiccation cracking characteristics  

Fig. 14 shows typical cracking patterns observed at the 
end of test for unreinforced soil and soil samples 
reinforced with different percentage of fibers. It is clear 
from these photographs that the width of cracks in 
unreinforced samples are larger than the reinforced 
samples. Number of cracks is less in case of 
unreinforced sample when compared with reinforced 
samples. It is evident that crack width becomes smaller 
with increase in fiber content. The length of the crack 
also become smaller on increasing fiber content. 
Chaduvula et al. [39] studied desiccation cracking 
behavior of polyester fiber reinforced expansive clay 
and observed similar results.  
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Fig. 18: Cracking pattern of unre
unreinforced, (

 
4.  CONCLUSIONS 

 
Based on the obtained test results, the follo
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