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1. Introduction

Groundwater is one of the main sources of fresh water,
especially in arid and semi-arid areas. In recent years, the
increase in population and water demands have led to
excessive withdrawal from the aquifer, which has seriously
threatened groundwater resources. Therefore, investigating
the potential of groundwater recharge and estimating the
amount of recharge is essential for the sustainable
management of groundwater and the preservation of human
health and the environment. The drawdown movement of
water recharging water table can be termed as groundwater
recharge, which ultimately increases the amount of
groundwater storage (Healy 2010). Many researches have
been conducted in Iran and other parts of the world to
investigate the potential and amount of groundwater
recharge of aquifers. Scanlon et al. (2002) have divided the
methods of estimating water recharge into three categories
of surface water area, unsaturated area and saturated area
based on hydrological zones. Each of these areas provides
the amount of recharge in time and space scale, and in each
area, the recharge estimation methods are divided into
physical methods, tracking and numerical modeling.
Estimation methods in surface water and unsaturated areas
generally provide an estimate of net recharge, while
saturated area methods evaluate the amount of actual
recharge. Many recharge estimation methods are based on
the water balance equation. Hung Vu and Merkel (2019)
investigated the groundwater recharge amount of Hanoi city
in Vietnam with different methods. The obtained results
showed that the water level fluctuation method is more
consistent and more reasonable than the other approaches. In
2022, Githinji et al. investigated the potential groundwater
recharge of two regions of Kenya by integrating factors that
influence  groundwater recharge using  Analytical
Hierarchical Process, and Fuzzy-Analytical Hierarchical
Process in ArcGIS. The factors investigated in this research

included land use, slope, drainage density, geomorphology,
geology, line density and soil texture. The obtained maps
showed that high groundwater recharge potential zones
occur within the generally flat flood plains consisting of
alluvium lithology. In contrast, low potential groundwater
recharge zones occur in the upland plains. Considering that
Garmsar plain is located in a hot and dry area and
groundwater is the main source of water supply for
agriculture, drinking and industry of the people of this
region, the study of groundwater supply of Garmsar plain is
of great importance as a sustainable management. Therefore,
the purpose of this research is to evaluate the recharge
potential as well as to estimate the amount of groundwater
recharge in the Garmsar Plain aquifer. For this purpose, in
this study, first, the recharge potential of the Garmsar Plain
aquifer was investigated based on six factors of slope, land
use, lithology, geomorphology, drainage density and line
density, and then, in order to validate and estimate the
amount of groundwater recharge, Piscopo method and the
method of groundwater level fluctuations is used, which is
based on the water balance equation.

2. Study Area

The aquifer of the Garmsar Plain is a part of the secondary
watershed of the Central Desert and the main watershed of
the Central Plateau. Garmsar study area is located in Semnan
province on the road from Tehran to Semnan. This area is
spread in the north of the main catchment area of the central
plateau, between longitudes 52°7 to 53°4 east and latitudes
34°52 to 35°46 north. The extent of this area is about 5532
square kilometers, and the extent of the plain and its heights
are equal to 2322 and 3210 square kilometers, respectively.
Geographically, this region is located in the southern part of
the Alborz Mountains and the northern part of the central
desert. This region has a dry climate, so that the minimum
and maximum average annual temperature is 4 and 20 °C,
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respectively, and the minimum and maximum average
temperature values for the highlands and the plain are 12.9
and 19.9 °C, respectively (the annual temperature of the
basin is 13.7 °C). According to the studies conducted during
the 45-year statistical period from 1345-46 to 1389-90, the
average annual rainfall in the highlands and plains is
estimated to be 200.9 and 81.4 mm, respectively. The
evaporation parameter has been analyzed and investigated in
the 30-year period of 1360-90. The annual evaporation from
the open water surface in the plain and the highlands of the
study area is 1970 and 1364.5 mm, respectively. The
temperature difference between summer and winter in this
area is large and this plain is poor in terms of vegetation.
From the geological point of view, the aquifer of the Garmsar
Plain study area is limited to the alluvial terraces from the
east and to the Kahrizak conglomerate and Upper Red
formation from the northeast. The north and northwest of this
plain is covered by the Lower Red formation with chalk, salt
and clay units, and the south, southwest and southeast edges
of the plain are covered by Quaternary deposits. The main
aquifer of the plain is formed in the Garmsar alluvial cone.
The Garmsar alluvial fan is the result of the accumulation of
sedimentary deposits of the Hableh River on the
impermeable bedrock of Marl and Shale. The Hableh River
is the main source of recharging the plain and the aquifer is
of unconfined type. The alluvial aquifer of Garmsar Plain has
an area of 785 square kilometers; the average thickness of
the alluvium and the saturated layer are about 140 meters and
35 meters, respectively.

3. Methodology

Groundwater recharge depends on many geological factors.
Due to the fact that the factors affecting groundwater
recharge are extensive and their field investigation requires
spending a lot of money and time, remote sensing and
geographic information system is considered a suitable tool
to investigate the potential of recharge. In this research, six
factors of slope, land use, geomorphology, lithology,
drainage density and line density have been used to
investigate the recharge potential. Each of these parameters
is scored according to table (1) and combined according to
equation (1) and finally the final map is obtained.

RP = (Sy X Sw) + (DrxDw) + (LUr x LUw) + (L XLw) +( LDr
X LDw) + (GM;xGMy) @

Where r is the rank assigned to each of the parameter

classes, which has values between 1 and 4, and w is the
weight of each parameter.
The method of water table fluctuations is based on the water
balance equation and by analyzing the fluctuations of the
groundwater level, it provides an estimate of the amount of
recharge. The water table fluctuation method is based on the
assumption that the increase of the groundwater level in
unconfined aquifers due to recharge has reached the water
table level. The data required in this method is the data of the
groundwater level and specific yield and is calculated with
the following relationship:

dh Ah

R—Sy E = Sy E (2)

Where R is the groundwater recharge [L/T], Ah is the
fluctuation of the groundwater level during the recharge
period [L], At is the length of the recharge period [T] and Sy
is the specific yield (without dimension). In the above
equation, it is assumed that the water that reaches the water
table immediately turns into groundwater storage.

Tablel. Ranks and weights assigned to each parameter

Class Rank
Low (0-50°) 3
Moderate (50-20°)
High (20°<)
Agricultural lands and
pastures
Gardens
Bare lands and human
facilities
Landforms with very
high permeability
(river bed and alluvial
plain)
Landforms with high
permeability (alluvial
fan)
Landforms with
medium permeability
(karst domains)
Landforms with low
permeability (irregular
slopes, erosive blades,
fault abysses)
Discrete formations 4
with high permeability
Hard formations with 1
moderate permeability
Formations with low
permeability
Low density (0-1.5 3
km/km?) 2
Medium density (1.5-3 1
km/km?)
High density (3-5.3
km/km?)
Low density (0-0.37 1
km/km?)
Medium density (0.37- 3
1.08 km/km?)
High density (1.08-
2.96km/km?)

Parameter Weight

slope 0.1

PN WEFEDN

Land use 0.15

PN WS

Geomorphology 0.25

N

Lithology 0.2

Drainage

Density 0.2

N

Linear Density 0.1

Another method used in this study to evaluate the amount of
recharge is the Piscopo method. This method is provided by
Piscopo and is calculated as follows:

Soil permeability + rainfall + slope percentage = recharge
amount (3)
In this method, the above factors are added together and
classified according to table (2).
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Table2. Classification of effective factors in recharge

Slope Rainfall Soil Recharge
permeability

Slo Ra | Rainfall Ra Ra | Ran | Ra

e%p nk mm) ( nk Range nk ge nk

<2 4 850< 4 High 5 11- 10

13

2-10 3 700-850 3 Moder | 4 | 9-11 8
ate to
high

10- 2 500-700 2 Moder 3 7-9 5

33 ate

33< 1 <500 1 Low 2 5-7 3
Very 1 3-5 1
Low

4. Result and Discussion

To prepare the final groundwater recharge potential map, the
rank of each parameter was multiplied by its weight and then
added together. The final map obtained shows that the top
part of the alluvial fan has the highest recharge potential due
to the high permeability and low water density. After that,
the highest amount of recharge due to high permeability,
agricultural activities and suitable slope is related to Garmsar
alluvial fan. The amount of recharge potential decreases in
the southern and western parts of the region due to the areas
with low permeability and barren lands (Figure 1).

2200 52'300'E 52400

357200'N
357200'N

35120"N
357120°N

35740"N
354N

52720'0"F 52°300'F 52400°F

Figure 1. groundwater recharge potential map

Temporal variations of the groundwater level are among
the most important characteristics of the aquifer.
Groundwater level changes depend on recharge and
discharge amounts, distance from recharge areas and
pumping rate, and unit hydrograph is a suitable indicator for
long-term changes of groundwater level. To investigate the
unit hydrograph of Garmsar plain, the data of observation
wells in the water years 1372-73 to 1395-96 were used. The
results showed that the average long-term drawdown in
Garmsar plain aquifer is 0.93 meters per year.

In order to calculate the net recharge by the method of
water table fluctuations, the water level data of 40
observation wells during the water years of 1388-1389,
1389-1390 and 1390-1391 were analyzed. The information
of the observation wells was entered into the geographic
information system software and a Thiessen polygon was
drawn for each well. Then, the amount of water volume
decreased or increased in each piezometer was obtained from

the multiplying the specific yield with the area of the
polygon and the difference in the water level of the
piezometers according to equation (2). Since every year
some water from the aquifer is pumped out, the amount of
discharge was also included in the calculations. In order to
obtain the amount of pumping and discharge of the wells in
each polygon, it was calculated and added to equation (2) as
follows:
R=S, ‘;—? =S, AA—:+pump|ng 4
According to the calculations, the value of Ah of the aquifer
varies from -2 m to 0.8 m. Also, according to the information
obtained from the regional water organization, the average
specific yield is 0.05. By multiplying the changes in the
groundwater level in each observation well with the amount
of specific irrigation and then summing it with the discharge
amount, the recharge rate in each observation well is
obtained. After the recharge rate of each observation well
based on which the Thiessen polygon was drawn was
calculated, interpolation was done and the net recharge
zoning map was obtained (Figure 2). The amount of annual
recharge of the aquifer varies from 1.95 mm in the southern
parts to 478 mm in the northern parts by the method of water
table fluctuations.

522008 52°300" 52°400°E

35200'Y
35200'N

3520°0
3520

J Net Recharge (mm/year}
[ | 100175 b
[ | 175-250

8 I >so-

:::::::

35°40°N

o 3 8 12
— —

fluctuations method

In the next step, the Piscopo method was used to prepare
a zoning map of the groundwater recharge in the Garmsar
plain aquifer. In this method, to calculate the slope, a digital
elevation model of the area was prepared and after extracting
the slope, it was ranked according to the criteria of table (2).
The slope of the area varies from 2 to 37%. The annual
rainfall of the plain was collected from the meteorological
system and the regional water organization of Semnan. The
amount of rainfall in the study area and Garmsar plain is less
than 500 mm; as a result, according to table (2), the entire
area of the aquifer has a rank of one. In order to obtain the
infiltration rate, the region's permeability information was
collected and divided into five categories according to table
(2). Finally, the maps related to the three factors of slope,
permeability and rainfall were combined. Figure (3) shows
that the amount of recharge decreases from the north to the
south of the region, and the highest amount of recharge is
related to the northern parts of the aquifer, which is located
at the top of the alluvial fan.
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4

According to the results of both methods of estimating the
amount of groundwater recharge, the highest amount of
recharge occurred in the place of the alluvial fan and the
groundwater inflow to the aquifer, where the materials are
coarser and have higher permeability. In addition, the areas
with high amounts of recharge are mostly located in
agricultural lands. In the final map of groundwater recharge
potential, the areas with the highest potential are in the
northern parts of the aquifer, which is consistent with the
recharge values estimated by both methods. Although the
results of the comparison of recharge values and recharge
potential are slightly different in some parts of the region.

52°20'0°F 52°30'0°F 52°400°F

N

A

35720'0"N
35°20'0"N

35°120"N

Net Recharge

350N

I

3 18
—= ——————Km

52°200"€ 52°300"€ 52°40'0"€
Figure 3. Groundwater recharge zoning map using Piscopo
method

5. Conclusion

Since the Garmsar aquifer is the main source of agriculture
in the region, the sustainable water management is essential.
For this reason, in this research, maps of recharge potential
were prepared at first. The obtained results showed that the
recharge potential depends a lot on the permeability and land
use, and the top part of the alluvial fan itself has a high
potential. After that, the amount of net recharge of the area
was evaluated by two methods of water table fluctuation and
Piscopo. The zoning map obtained from the water table
fluctuation method shows that the amount of recharge
decreases from the north to the south and east of the region,
and the initial parts of the Garmsar alluvial fan have the
highest amount of net recharge.

In the map obtained by the Piscopo method, the general
trend shows that the amount of groundwater recharge
decreases from the north to the south. It is noteworthy that
the trend obtained from the two methods is the same and they
differ from each other only in some points, and both of these
methods confirm the result obtained from the recharge
potential map. Therefore, the method used in this research
can be used to evaluate the potential and recharge values.
However, due to the lack of data, the results may be subject
to some uncertainty. Therefore, it is recommended to carry
out additional tests, especially in measuring of hydraulic
conductivity in the area.
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Evaluation of Potential and the Amounts of Groundwater Recharge in the Garmsar Plain Aquifer
Using Water Table Fluctuations and Piscopo Methods

Elham Fijani Sahar Meysami Morteza Mozafari

Abstract Groundwater resources are one of the main sources of freshwater supply, especially in arid and semi-arid
areas. Estimating the amount of recharge is one of the most important problems in the sustainable management of
groundwater resources and assessing the abstraction potential of the aquifer. In this research, first, the recharge potential
in the Garmsar plain aquifer was obtained using six factors including slope, land use, geomorphology, lithology, drainage
density, and line density, and then, to validate the resulting map, recharge was evaluated using the water table
fluctuations and Piscopo methods. The results from the recharge potential map showed that its amount decreases from
the alluvial fan in the north of the area to the margins. The amount of annual recharge of the aquifer varies from 1.95
mm in the south to 478 mm in the north of the area by the water level fluctuations method. The maps obtained from both
methods showed the same trend in the area; the north of the aquifer area, which is located at the top of the Garmsar
alluvial fan, has the highest amount of recharge, and the values decrease towards the south and the edge of the aquifer.
The results obtained from the evaluation of the groundwater recharge value confirmed the potential map well.

Key Words Groundwater recharge, water table fluctuations, Garmsar aquifer, recharge potential.
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1. Introduction

Before the notorious earthquakes of 1999 in Turkey
(Kocaeli and Duzce) and Taiwan (Chi-Chi), causing
severe damage to underground structures, it was generally
assumed that buried structures are protected from damage
by the surrounding soil. However, increased attention has
been prompted ever since to buried structures subjected to
both strong ground motion of earthquakes and permanent
displacement of fault rupture.

Regarding the high seismicity of Iran and distribution
of faults all over the country, it seems necessary to
consider the impact of faulting on tunnel design. In this
paper, the interaction of reverse dip-slip fault and tunnel,
perpendicular to fault plane, is modeled numerically with
finite-element software, Plaxis 3D. The impacts of such
factors as fault dip angle, soil type, and the tunnel’s depth
are studied and the results are reported as fault rupture
path, ground surface displacement and the deformation
and forces in the tunnel lining. Moreover,
recommendations are made for tunnel design subjected to
faulting.

2. Problem description
For the three-dimensional numerical simulation of reverse
fault rupture propagation, the soil model dimensions are
20m depth, 80m length (four times its depth) and 40m
width (20m modeled due to symmetry), as shown in Figure
1. The ground surface is horizontal and the fault
movement, developed in the rigid bedrock, reaches
bedrock-soil interface at the base of the model. The reverse
fault is applied with two different dip angles, 60 and 90
degrees, and with 0.8m displacement as vertical
component. This study deals with the quasi-static
dislocation of the faults under the soil.

A circular tunnel of radius 2.12m with concrete lining
is located in two positions: a lower position and a deeper

position (tunnel axis in 6m and 11m depth, respectively).
For the soil type, two typical dry sands, Loose Sand (LS)
and Dense Sand (DS), are considered.

3. Numerical modeling

The soil behavior is represented by the elastic-perfectly
plastic Mohr-Coulomb constitutive model with non-
associated flow rule and the concrete lining behavior with
linear elastic plate. The soil-tunnel interface was
introduced using Plaxis interface elements by reducing
friction and cohesion.

The soil elements are 10-node tetrahedral elements and
lining elements are 6-node triangular plates. Figure 2
shows the meshing of the problem and soil and tunnel
deformation.

80m

Figure 1. Three-dimensional modeling of tunnel in FEM

4. Conclusion

Based on the numerical simulations, the following

conclusions are drawn:

- The impacts of tunnel presence on soil deformation:

e Presence of tunnel gives rise to zones of stain
localization in the soil underneath the tunnel and
reduces the fault displacement within the soil above the
tunnel level;
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Relative uplift is observed on both sides along the
tunnel on the ground. This is of practical engineering
importance as it causes non-uniform deformation on
ground level, hazardous to structures;

Ground deformation is more distributed above tunnel
compared to free field (soil without tunnel). This will
be more pronounced in deeper tunnels.

Shear band underneath the tunnel is slightly diverted to
footwall side, more threatening for footwall zone.

- The impacts of tunnel presence on lining:

For faults with milder dip angles, higher axial force is
developed in lining;

The impact of faulting on axial force and bending
moment in lining is more pronounced in deeper tunnels
compared to shallower ones. This should be taken into
account in deep tunnel’s lining design;

n . [}
OGRS

Figure 2. Soil and tunnel deformation after faulting

Axial force, especially in mild fault dip angles, is very
sensitive to model length while bending moment can be
correctly estimated by typical modeling dimensions (i.e.,
model length 4-5 times the soil layer height). To reduce the
influence of boundaries on axial force, model length is
recommended to be 10-15 times its height.
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Three-Dimensional Numerical Modeling of Interaction of Dip-Slip Fault and Tunnels
with Concrete Lining

Mohammad Amin Barfehee Mahda Mortazavi Zanjani Abbas Soroush

Abstract In this paper, the effect of reverse dip-slip fault movement on a tunnel, being perpendicular to the fault plane
in plan view, is modeled numerically with finite-element software, Plaxis 3D and the effect of factors such as fault dip
angle, soil type and tunnel’s depth on “fault rupture path ”, “ground surface displacements ” and “deformation and forces
in the tunnel lining ” is presented. The results indicate that the presence of tunnel gives rise to zones of stain localization
in the soil underneath the tunnel and somewhat prevents the rupture zone to reach the ground surface on its top (centerline
of the tunnel) whereas it causes relative uplift on the ground surface on both sides. Moreover, in deeper tunnels, the
impact of faulting on lining forces is more pronounced. Furthermore, to reduce the influence of the outer boundaries,
performing sensitive analysis, appropriate dimensions are recommended for modeling the interaction of fault and tunnel.
It is shown that axial force, especially in mild fault dip angles, is very sensitive to model length while bending moment
can be correctly estimated by typical modeling dimensions (i.e., model length 4-5 times the soil layer height).

Keywords Fault Rupture Propagation, Finite Element Numerical Modeling, Three-Dimensional Analysis, Tunnel,
Concrete Lining.
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1. Introduction

Transportation, as one of the most important parts of the
infrastructure of any country, is of great importance in
mobility and dynamism of any society in order to achieve
the goals of economic and social development programs.
One of the main factors that can play a guiding role in the
policy making and grand plans of every country’s senior
managers in order to achieve the above goals is travel
demand forecasting. In order to plan and manage the
national macro in the coming years, it is necessary to
forecast the volume of travel demand. If the current travel
demand is available, it is possible to predict the travel
demand for the future. Tehran-Qom freeway is the main
corridor of the north-south freeway, which hugely
contributes to the transfer of goods (about 600 million tons
annually) and passengers from the north to the south of the
Iran. A high volume of vehicles pass through this freeway
continuously and on all days of the year, especially on
religious occasions. Therefore, forecasting travel demand
for this freeway seems essential. Therefore, in order to
correctly predict the amount of travel demand in different
origins and destinations, in order to ensure the need to
build different routes in the future, it is necessary to use
more accurate methods in the forecasting process.

2. Literature review

In previous studies, the use of traditional transportation
demand modeling based on separate trips has created many
challenges and caused changes and transformations in
such models. Most researchers have developed forecasting
models with sample values without calibration, but the
input parameters of these models can affect many of the
extracted results, especially the traffic flow pattern
prediction. Therefore, among the available forecasting
methods, time series methods are widely used in forecasts
when problem data is available sequentially. This method
can provide accurate results. Forecasting travel demand is

very important for national strategy planning. Therefore, it
is necessary to choose the right method for forecasting.
The methods that have been used before for modeling and
forecasting travel demand are mainly based on four-step
methods. Therefore, predictions are often made with
regression and neural network methods, based on the
results of origin-destination studies, and using parameters
such as population-income-cost per capita car ownership
to predict travel between origins and destinations.

3. Method

The identification process based on linear models such as
ARMA is known as the Box-Jenkins method, which
includes 4 steps. In the current research, the data of the
traffic counter (plate reader) of the Qom-Tehran highway
were used in a 10-year period. The type of available data
is time series data, and according to this aspect of the
nature of the data, their modeling should be done. A time
series is a set of quantitative observations that are
measured consecutively at time intervals.

There are different techniques for modeling, and
parametric method of autocorrelated moving average is
one of the time series models; Therefore, in order to predict
the travel demand, autoregressive (AR), moving average
(MA), autocorrelated moving average (ARMA) methods
were used in this research according to Equations 1 to 5,
using ITSM software.

X, -n=p(X, -u)+a @

We consider the prediction problem in a future time
unit, by replacing t with t+1 in Equation 1 and having
X1,...,Xt-1,Xt, if we consider the conditional mathematical

expectation of both sides of the above equation, the
Equation 2 is obtained:

><A|(1)7;¢=¢[E(x‘|x‘,x‘i1 ..... Xl>—,u}+E(a+|X X X)) )
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To illustrate how to solve the problems that arise in
forecasting moving averages or compound patterns, we
consider the case of MA (1) with an anti-zero mean:

— _ 3
XI =p+a Gati 3)

1

Again, if we replace t with t+1 and consider the
mathematical hopes of both sides, we will have:

X&()=p—0E(a | X X _,...X) 4

However, for an invertible pattern, Equation 5 shows
that at is a function of ..., X::

E(a | X, X, .. X)) =2 (5)

4. Case study

The required data were extracted from the traffic counter
data (plate reader) on a monthly and daily basis of the Road
Organization of the country on the Qom-Tehran route. The
degree of correlation between independent variables was
measured to reduce the error. After modeling and
forecasting, the models were compared based on the
degree of correlation and the degree of accuracy in
estimating the dependent variable in each model. Table 1
shows the correlation and absolute error of the time series
method, which shows that the time series method has an
acceptable correlation and error for prediction.

Table 1. Comparison of predicted values by month

Actual Predicted Absolute
o (gl vl _enr it
data time series deviation
April 1163327 1194758 -31.43
May 988187 987241 0.94
June 837682 841487 -3.805
July 1064400 1064157 0.243
August 1071527 1069471 2.056
September 1229574 1236457 -6.882
October 926087 927145 -1.058
November 931638 928471 3.167
December 860209 860845 -0.636
January 783899 782541 1.358
February 866766 859541 7.225
march 743500 758941 -15.440
5. Conclusion

The data obtained from field observations and traffic
studies alone cannot represent the future situation, but if
traffic data is available in the current situation, it is
possible to estimate the volume of travel demand in the
future by modeling. The Persian Gulf Freeway is one of
the busiest and most vital transportation freeways of Iran,
which transports a large volume of goods and passengers
every year. The data used in this research is actually the
amount of vehicle traffic on a monthly basis taken from the
Iran Road Maintenance and Transportation Organization,

considering that the nature of the data is the nature of time
series, using the self-correlated moving average time
model based on the data of the current conditions, a model
was developed.
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Forecasting Travel Demand using Self-Correlated Moving Average Time Series Methods
(Case Study: Qom-Tehran Freeway)

Hassan Khaksar  Seyed Ahmad Almasi Mohammad Mehdi Khabiri Amir Golroo, Hossein Bahmani

Abstract The quality of traffic flow is one of the main characteristics of the transportation network, which is widely
used in issues related to urban planning, route prioritization, reducing traffic congestion and travel time; Therefore,
estimating the volume of traffic and predicting it in the future is one of the important issues for transportation planners.
The problem of prediction requires modeling and determining the variables affecting changes in a particular
phenomenon. In this research, travel demand is predicted using time series methods. The data required for this research
have been prepared from the Roads and Transportation Organization. In this study, in order to build a model, two
autoregressive processes and moving average have been used. Using the above methods, the amount of demand in the
coming years up to the horizon of 1404 on the Qom-Tehran freeway is predicted. The results of the study showed that
among the self-correlated and moving average models and the combination of two models, namely the self-correlated
moving average, the third model has a more acceptable accuracy. The parameters of this model (4,5) ARMA were
obtained. Also, the validity of the constructed model, based on the average value of absolute error percentage, was 0.047,
R and R2 values were calculated 0.94 and 0.89, respectively, which shows that the model has acceptable accuracy.
Keyword travel demand, time series, Box-Jenkins method, Prediction model.
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1. Introduction

Population growth, human activities, and immense
consumption of energy resources have caused some
challenges, including climate changes, lack of resources,
and environmental problems. The emergence and
increasing development of new technologies have made it
possible to save energy and realize net-zero energy
buildings (NZEBs) almost anywhere in the world. The
main focus of NZEB is to first decrease energy
consumption and then use renewable energy sources
(RES) to meet the remaining energy consumption during
the year. Among RES, photovoltaic (PV) is of the most
promising and acceptable photoelectric generators in the
design of NZEBs.

The implementation of PV follows the benefit of being a
pro-ecological energy source and has been addressed in
previous research. However, this emerging technology has
some challenges and negative aspects, such as relatively
expensive, high initial investment, life cycle operational
cost, and productivity dependency on location and climatic
conditions. The above-mentioned facts resulted in the
feasibility of PV installation, which has received
increasing attention among researchers worldwide.
Typically, PV modules are used as building-integrated
photovoltaic components (BIPV) in the building’s design
stage and cover part of or the total energy demand of the
building. PV modules can be installed on roofs (roof-top
PV panels), facades, glazing areas of windows, and even
on overhangs to generate electricity.

From a geometrical point of view, there are two
parameters that exert significant influence on the
productivity of PV installation: tilt angle and azimuth.
Generally, previous research confirm that to maximize PV
generation, the optimum tilt angle is nearly equal to the
latitude of the location, and the PV module should face the
equator. However, PV installation should be placed where
the shading effect by surrounding objects is the minimum
as shading causes a significant drop in PV’s efficiency.

On the other hand, considering climatic and location
issues, one cannot turn a blind eye to the fact that the
amount of solar irradiation is a critical factor for the
feasibility of PV installation in a specific location. Since
the PV system and its components cannot convert 100% of
the absorbed light into electricity, some of this energy is
lost in the form of heat, raises the cell’s temperature, and
drops the power output significantly. The detailed review
of previous research indicates that there have been
extensive efforts in PV installation in designing NZEBs
and relevant challenges associated with it have been
scrutinized. PV sizing depends not only on climatic
conditions but also on architectural and urban planning
regulations. For example, shading effects of surroundings
that is related to crossing width, roof type (in terms of flat
or pitched), pitched roof*s slope, as well as window-to-
wall area ratio (WWR) directly affects the thermal and
lighting demand.

Considering all these issues, a systematic study was
performed to evaluate the utilization of PV systems in
achieving an NZEB in the northern Iran climate region.
First, a sensitivity analysis was performed to indicate the
most influential variables that affect building energy
demand and cost. Next, an optimization process was
conducted to concurrently minimize the building energy
consumption and capital cost. Besides, a different
configuration for PV panel installation was used for
quantifying the possibility of achieving NZEB. The results
show that in a residential 3-story building the optimized
configuration of building envelope and systems can reduce
electricity consumption by 20%. The rooftop PV account
for 87.2%, and PV installation on the southern facade
contributed to 12.8% of total electricity generation. PV
installation on the south fagade and roof covers 88.2% of
the building’s electricity demand.

2. Building model
A typical 3-story residential building was presumed as a
case study. The length and width of the building are 12 and

*Manuscript received: November 9, 2022, Revised, January 2, 2023, Accepted, February 19, 2023.
I, Ph.D. Candidate in Department of Civil Engineering, Islamic Azad University, Qazvin Branch, Qazvin, Iran.
2, Corresponding Author: Assistant Professor of Civil and Architectural Engineering, Fereshtegaan International Branch, Islamic

Azad University, Tehran, Iran. Email: abbasali.tayefi@iau.ac.ir.

3, Associate Professor in Department of Architectural Engineering, Pennsylvania State University, University Park, Pennsylvania,

USA.

4, Assistant Professor in Department of Civil Engineering, Islamic Azad University, Qazvin Branch, Qazvin, Iran.



https://civil-ferdowsi.um.ac.ir/article_43512.html?lang=en
https://civil-ferdowsi.um.ac.ir/article_43512.html?lang=en
https://orcid.org/0000-0003-1799-0998

Seyed Sajad Rezaeinasab - Abbasali Tayefi Nasrabadi - Somayeh Asadi- Seiyed Ali Haj Seiyed Taghia 52

8 meters, respectively. The height of each floor is 3 meters.
Another building with exactly the same dimensions is
located on the opposite side with a distance of 8 meters. In
the base case model, building characteristics are in
accordance with minimum energy requirements based on
the National Building Code of Iran - Chapter 19. A clear
double-glazing with 3 mm thickness and 13 mm air space
was used for windows structure. Figure 1 shows a
schematic of the building.

Figure 1. Schematic view of the building

3. Sensitivity analysis

In order to perform sensitivity analysis, the regression
method was used. Sensitivity analysis shows that external
wall construction, glazing types, and WWR, as well as an
overhang on the south window, are the most influential
variables that affect both building energy consumption and
capital cost.

4. Optimization

Based on sensitivity analysis results, non-influential
variables were removed from the optimization analysis. In
this study, the objectives are capital cost and total
electricity consumption. What we are trying to find is the
optimum trade-off between the objectives which typically
conflict. Energy consumption will decrease by high-
performance and more costly solutions. The genetic
algorithm intelligently selects the solutions which best
match the design objectives and chooses the strongest
balance of solutions to carry forward into subsequent
batches or generations for analysis. In the optimization
model the wall’s u-value, WWR in north and south
facades, south overhang, and glazing type set to 0.4, 20%,
45%, 50 cm, and double Lo-E Clear 6mm air, respectively,
which had the lowest cost in the optimization trade-off.
Optimization reveals that by choosing optimum values for
the configuration of building envelop and systems, the
electricity consumption drops by 20%.

5. Design of PV System

Using PV installation on the south fagade and roof satisfies
88.2% of the building’s electricity demand. In this regard,
the roof-top PV contribution is the highest (87.2%), while
the PV installation on the southern facade is the least
(overall 12.8 %). Table 1 shows the combination of
different energy-generating parts to achieve a building
with net zero energy and related electricity generation and
consumption.

Table 1. The combination of different energy-generating
parts to achieve a building with net zero energy

Facade Rooftop Rooftop Total Consumption

(BIPV) (South) (North) Generation (Wh)
(KWh) (kWh) (kKWh) (KWh)
1st Floor 718.7 17570.7 6656
2nd Floor 962 9745 107 17814 7517
3rd Floor 808 17660 7750
sum 2489 19341 21823

6. Conclusion

Taking all the existing considerations and following all
legal and technical requirements into account, this study
investigated the possibility of designing an NZEB located
in the southern region of the Caspian Sea. At first, different
building configurations to minimize building electricity
loads, including design variables such as insulation,
glazing, and shading devices, were analyzed. Before
optimization, a sensitivity analysis was performed to
decrease the number of variables and, consequently, the
optimization time. Once the building’s shape and system
were selected, photovoltaic panels were installed on the
southern facade to generate as much electricity as possible.
Finally, rooftop PV panels installed on the roof of the
building would meet the remaining energy loads to achieve
an NZEB. Optimization reveals that by choosing optimum
values for the configuration of building envelop and
systems, the electricity consumption drops by 20%. Using
PV installation on the south fagade and roof satisfies
88.2% of the building’s electricity demand. In this regard,
the roof-top PV contribution is the highest (87.2%), while
the PV installation on the southern fagade is the least
(overall 12.8 %.) This means that the application of
vertically-mounted BIPV on the facade will not be cost-
effective due to shading effects and vertical tilt angle.
Thus, achieving an NZE for a 3-story building is not
possible to realize in the examined location but
considering just one floor, covering annual demand with
appropriate PV panels on the roof is feasible. The results
of this study revealed the potential of realizing an NZEB
regarding PV functionality, architectural configuration,
and urban planning restrictions in the studied location. Iran
has a rich diversity regarding climate conditions and solar
irradiation. Hence, similar research can be proposed for
future studies. Moreover, since the life cycle cost and
economic issues associated with the utilization of PV in
the construction and the operational stage are gaining
importance, a more detailed and realistic simulation
enables designers to attain reliable achievements.
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Investigating the Potential of Designing Net-Zero Energy Buildings using Photovoltaic Installation with
Considering Urban Development Plans Requirements

Seyed Sajad Rezaeinasab Abbasali Tayefi Nasrabadi ~ Somayeh Asadi Seiyed Ali Haj Seiyed Taghia

Abstract Due to technological improvement and development of photovoltaic (PV) systems, the application of PV
installation for net-zero energy buildings (NZEBs) is promising. However, to achieve more reliable results, precise energy
analysis is necessary to take into consideration both the urban plans restrictions and the climatic conditions of renewable
energy resources and building energy consumption .This study aims to define the most favorable configuration of building
components and PV installation to meet NZEB requirements, considering urban development plans limits. First, a
sensitivity analysis was performed to indicate the most influential variables that affect building energy demand and cost.
Next, an optimization process was conducted to concurrently minimize the building energy consumption and capital cost.
Besides, a different configuration for PV panel installation was used for quantifying the possibility of achieving NZEB.
The results show that in a residential 3-story building the optimized configuration of building envelope and systems can
reduce electricity consumption by 20%. The rooftop PV account for 87.2%, and PV installation on the southern fagcade
contributed to 12.8% of total electricity generation. PV installation on the south facade and roof covers 88.2% of the
building's electricity demand.

Keywords Net-zero energy buildings, photovoltaic, urban planning requirements, sensitivity analysis, optimization
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1. Introduction
Polycyclic aromatic hydrocarbons (PAHS) are organic
contaminants that are formed of carbon and hydrogen that
are composed of multiple aromatic rings. They are
nonpolar and insoluble in water, persistent in soil and
many of them are recognized as carcinogenic. The source
of them is usually oil production and petrochemical
complex industry. Dimethyl phthalate (DMP) is a
chemical matter from PAHSs group that is commonly found
in soil through industrial activities and causes
contamination of soil. Electrokinetic method is among the
methods used for remediation of contaminated soil. It
comprises of four major processes namely electrophoresis,
electroosmosis, electromigration, and electrolysis.
Electrophoresis describes the transport of large colloidal or
other charged material through soil mass. Electroosmosis
is the main mechanism of water flow through fine-grained
porous media under the influence of an electric field.
Electro-migration explains the movement of ionic species
in pore fluid toward oppositely charged electrodes.
Electrokinetic is a low cost process for remediation of
contaminated soil but suffers from several disadvantages
such as generation of gases and acid at the anode that
reduce the efficiency of the process. Some studies reported
that the electrokinetic technique can successfully remove
heavy metals and organic matters from contaminated soil.
The removal of PAHs from contaminated soil is rather
complex because of their low solubility and their tendency
to remain attached to soil particles and organic matters in
soil. Several methods have been proposed for remediation
of soil contaminated with this kind of organic contaminant.
Electrokinetic technique has been suggested for the
removal of PAHSs from soil. Due to the low water solubility
of most organic contaminants and the neutrality of their
molecules, it is not possible to remove hydrophobic
organics from the soil by electrokinetic technique. In order
to overcome these limitations, the degree of solubility of
organics can be increased by the use of surfactants as
flushing solution in anode and/or cathode. Reviewing the
literature shows that investigation on the removal of DMP
from a contaminated soil is relatively rare. Therefore, the

aim of this work is to investigate the applicability of
electrokinetic in soil flushing with NaOH solution and
non-ionic surfactant (Tween 80) to remove DMP from a
clay contaminated soil. The tests were conducted with
voltage of 50 at times of 7 days. The results were analyzed
and compared with a reference test and with each other.

2. Materials and methods

The soil used in this experimental work was a clay. It was
composed of 2% sand, 45% silt, and 53% clay. It had a
liquid limit of 43.0% and plastic limit of 25.0 %. The
maximum dry unit weight and optimum water content of
the soil were determined from standard compaction test as
17.71 kN/m?® and 17.9%, respectively. The specific gravity
of solids (Gs) was 2.70. According to the Unified Soil
Classification System (USCS), the soil can be classified as
clay with low plasticity (CL).

DMP is a chemical substance from PAHs (Polycyclic
aromatic hydrocarbons) group with chemical formula
C10H1004 and molecular weight and density equal to
194.18 g/mol and 4000 mg/L, respectively. The major
application of DMP is in production of dyes, plastics, and
pesticides.

Tween 80 was selected as non-ionic surfactant in this
work with chemical formula CesH124026 and average
molecular weight of 1310 g/mol. The solution of 0.1 M
NaOH and the above surfactant were used to increase the
efficiency of remediation of contaminated soil.

For preparing samples of soil contaminated with Dimethyl
phthalate, the ratio of 0.04 mg (DMP)/g (soil) was
considered, the amount of 360 mg DMP was mixed with
1800 ml distilled water then this mixture was mixed as
spray with 9 kg soil. Then the water of this mixture was
increased until it reached to the liquid limit and it was kept
in a seal container for five days for uniform distribution of
moisture. The prepared soil was then poured into the main
cell of apparatus in several layers and each layer was
tamped in the cell so that the entrapped air could go out.
After the soil was placed in the main cell, the apparatus
was assembled and other accessories were connected to it.
The anode and cathode reservoirs were then filled with
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desired solution so that the level of fluid in the reservoirs
was the same as the level of soil in the main cell. Three
tests were designed to perform. Test 1 was considered as
the reference test in which the anode and cathode reservoir
were filled with distilled water. For the rest tests the anode
reservoir was filled with solution of 0.1 N NaOH or 3%
solution of Tween 80. During conducting each tests, the
pH and EC of anode and cathode reservoirs and out-flow
of fluid from cathode reservoir were measured. At the end
of each test, soil samples were extracted at certain distance
from anode (4, 12, 19 and 26¢cm) for measuring pH, EC
and the remediation of it. For determining the remediation,
the procedure of preparing sample was done according to
EPA-3540 standard. The liquid that was extracted
according to this standard was injected to the GC (Gas
Chromatography) apparatus for determining the percent
remediation of the soil.

3. Results and discussion

Figure 1 shows the cumulative outflow of fluid from the
cathode reservoir for different tests. For the test with anode
reservoir filled with NaOH solution was nearly 20% more
than the solution of Tween 80 and distilled water. The
difference in the volume of fluid discharge for the cases of
distilled water or Tween 80 as anode fluid can be explained
through the interaction of the NaOH with soil particles.
This interaction leads to the modification of the soil
structure and zeta potential that is an important factor for
the outflow of fluid from cathode.

Figure 2 shows the results of remediation soil at
different distances (4, 12, 19, and 26 cm) from anode. As
seen in this figure, the percentage of remediation for all
tests is reduced by increasing the distance from anode. It
can be seen in this figure that the percentage of emediation
for Tween 80 around the anode and cathode are 53.88%
and 16.5%, respectively but for NaOH solution they are
50.82% and 23.36%. The results indicated that the removal
of DMP from the soil depends on the volume of fluid
discharge from sample and solubility of contaminated with
the used solutions. As Figure 1 shows, with NaOH solution
the volume of outflow fluid is increased in comparison
with distilled water and solution of Tween 80. Therefore,
NaOH solution can be an acceptable candidate for the
remediation of soil from DMP.
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4. Conclusion

The remediation of DMP from a clay soil was studied
through experimental tests using distilled water or NaOH
solution and Tween 80 as anode reservoir fluid. The tests
were conducted under constant voltage and time. The
results showed that the distilled water is not effective for
removing DMP from contaminated soil. The addition of
the NaOH solution increases the outflow of fluid from
cathode. By using NaOH solution the rate of remediation
of contaminated soil increases. The percentage of
removing DMP from the soil decreases when the distance
from anode increases. However, NaOH solution and
Tween 80 improve the contaminant DMP removal
efficiency.
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Remediation of A Clay Soil Contaminated With Dimethyl Phthalate By Using

Electrokinetic Method

Hesam Fathali Ali Raeesi Estabragh Keramatollah.Rezaei Tireh Shabankareh Abdolhossein Hoorfar

Abstract In this research work, the remediation of a clay soil contaminated with dimethyl phthalate was studied by
using electrokinetic method. Contaminated soil was made with the ratio of 0.04 mg/g. Non-ionic (Tween 80) surfactant
and solution of 0.1 M NaOH were used as anolyte. A reference test was also considered with distilled water as anolyte
and catholyte. pH and EC and volume of flow out fluid were measured during the tests in both electrode reservoirs. At
the end of each test the shear strength, pH, EC and degree of remediation of soil was measured at different distance
from anode. The removal of contaminated was measure by a GC (Gas Chromatography) apparatus. The results showed
that the amount of flow out fluid for NaOH was nearly 20% more than the solution of Tween 80 and distilled water. The
results also indicated that the strength of soil for different solution is increased by increasing the distance from anode.
The value of it around the cathode for solution of NaOH was 14 kPa that was about 50 and 57% more than the distilled
water and Tween 80. It was found that the degree of remediation at cathode is less than anode. The percentage of
remediation for Tween 80 solution around the anode and cathode were 53.88 and 16.5% respectively but for NaOH
they changed to 50.82 and 23.26 near anode and cathode reservoir. It was resulted that the effectiveness of NaOH

solution in remediation of soil was more than the other used solutions.
Keyword Electrokinetic, Clay soil, Dimethyl phthalate, Remediation
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1. Introduction
Soil stabilization is an important soil improvement method

in geotechnical engineering. Many researchers have
investigated the properties of traditional stabilizers such as
cement, lime, fly ash, etc. and have shown that adding
these materials to the soil increases the strength and
durability of clay soils and reduces their swelling potential.
However, their use has been restricted in recent years due
to the environmental problems. For example, these
substances increase the PH of soil and underground water.
Stabilizing the soil with these materials mechanically
causes the soil to exhibit a brittle behavior that can be
dangerous under dynamic conditions. In the production
process of these stabilizers, in addition to high energy
consumption, large amounts of greenhouse gases are
released into the atmosphere, which causes significant
environmental damage. To solve these problems, it is
necessary to use alternative stabilizers. Recently, the
chemical substance calcium lignosulfonate (LS) has
played a good role in stabilizing problematic soils.
Calcium lignosulfonate is a polymer compound that is a
waste material of the wood and paper industry. LS is
compatible with the environment and does not cause
environmental problems of soil and water. Moreover,
using this material reduces costs and prevents this material
from being dumped in a large volume.

The main purpose of this research is to investigate the
impact of wetting and drying cycles on the strength and
durability of samples stabilized with LS. The experimental
results show that due to the hydrophilicity of LS, the
stabilization does not have the necessary durability against
the repetition of wet and dry cycles. The solution proposed
in this research is the use of reinforcements such as
polyethylene (PE) fiber. LS increases the resistance and
improves soil behavior and reduces the need for fibers to a
large amount. On the other hand, reinforcements such as

PE fibers increase the durability against repeated wetting
and drying.

2. Method

2.1. Materials. The soil used in this laboratory
investigation was sampled from the north of Qom province
at a depth of 50 cm. The results of soil identification tests
including grains gradation test (ASTM C136), standard
compaction test (ASTM D698), and Atterberg limits test
(ASTM D4318) are summarized in Table 1.

Table 1. Physical properties of the soil used in this study

Properties of soil Content
Classification (ASTM D2487) CL

LL 25.1%
PL 15.3%
Pl 9.8%

LS is used as a by-product of the wood and paper
industry, which is obtained during the industrial process
after the removal of wood chips. The size and shape of LS
powder is very similar to cement and its grain size is about
10 to 25 microns.

PE is a polymer material that can reinforce soil samples
as a fiber and increase their strength and durability. The
amount of PE used was 4% of the dry weight of the soil.
Used PE has density=0.95 g/cm®, module=30 g/denier,
strength=4.5-8 g/denier, and failure strain=10-20%.

2.2. Laboratory tests. In this experiment, LS was added to
the samples at the rate of 1 % of the dry weight of the soil
and mixed well. Moreover, for mixing method, LS and soil
are mixed first, and then water is added to the mixture.
Optimum moisture percentage and maximum dry weight
obtained from Proctor's compaction test were considered
for preparing the samples. The impact of wetting and
drying cycles on the samples was investigated using
ASTM D559. According to ASTM D559, each cycle has
5 hours of exposure in water at 23+2°C and then 42 hours
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of exposure in an oven at 71+2°C. Moreover, unconfined
compressive strength tests were conducted on samples
without and with LS and PE based on ASTM D2166.
3. Results and discussion

The results obtained from the unconfined compressive
tests for the samples stabilized with 1% LS for different
curing duration of 7, 14, 21, 28, and 35 days show that the
optimum time for curing samples is 21 days. It seems that
the reason for the decrease in strength of samples of 28 and
35 days is the hydrophilicity of LS. Results show that in
all of the samples, strength decreases after each wetting
and drying cycle. Stabilized samples without LS as well as
with 1% LS survived only 2 wetting and drying cycles and
completely lost their strength in the third cycle. Because
the samples stabilized with LS lasted only 2 cycles of
wetting and drying, the samples were reinforced with 4%
polyethylene fibers to increase the durability of stabilized
samples. The results unconfined compressive tests show
that PE fibers, due to their tensile strength, make the soil
more resistant. It also makes the soil durable against 12
wetting and drying cycles. Unconfined compressive
strengths were measured to be 623, 523, 490, 449, 429, and
408 kPa after 27, 4% 6™ 8N 10" and 12" cycles,
respectively.

The results of laboratory tests for investigating the
impacts of wetting and drying cycles, according to ASTM
D559, show that the samples without and with 1% LS
survived only 2 cycles. The samples lost about 14% of
their mass after the first cycle and about 20% after the
second cycle. The reason for this, as mentioned before, is
the hydrophilic nature of the mixture. The fact is that many
additives, such as calcium lignosulfonate, which are used
in stabilization, are hydrophilic, and therefore wetting and
drying cycles create a serious problem. Fibers such as PE
may be the solution to use these industrial waste materials.
The samples that were only stabilized with calcium
lignosulfonate lost 20% of their mass after 2 cycles of
wetting and drying, while as shown in Figure 1, the
samples stabilized with lignosulfonate and

200

-=-0=--Sample 1
180

—#— Sample 2

[EnN
[*2]
o

[N
N
o

Sample mass (g)

120

100
0 2 4 6 8 10 12

Wetting and Drying Cyclees

Figure 1. Weight of samples stabilized with LS and PE
after different wetting and drying cycles

Reinforced with polyethylene fibers After 2 cycles of
wetting and drying, only 5% of their mass has been lost,
and after 4 cycles, 6 cycles, 8 cycles, 10 cycles, and 12
cycles, 7%, 13%, 20%, 25%, and 30% of their mass has
been reduced, respectively. It is concluded that
polyethylene fibers keep soil particles together and reduce
soil mass reduction due to wetting and drying cycles.
Adding PE fibers to the soil as a reinforcement that has
tensile strength probably increases tensile strength, and
also increases the compressive strength of the samples by
a small amount. Polyethylene fibers prevent the sample
from crumbling when it breaks and keep the soil particles
together.
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Laboratory Investigation on Stabilization of Clay with Calcium Lignosulfonate and
Polyethylene Fibers under wetting and drying cycles

Niloofar Pishvaei Morteza Jiryaei Sharahi Masoud Amelsakhi

Abstract Stabilizing materials can be used as a soil improvement technique when dealing with inappropriate soils.
This study investigates the effects of wetting and drying cycles on the clayey soil stabilized with Calcium
Lignosulfonate and also polyethylene fibers. For this purpose, unconfined compression strength and durability of the
prepared samples under wetting and drying cycles are investigated. Atterberg limit tests, standard compaction tests
and unconfined compression tests have been performed on the prepared samples. Also, the optimum curing duration
for soil stabilized with lignosulfonate is investigated. The results show that lignosulfonate-stabilized clay was not
sufficiently durable against wet and dry cycles. Based on this result, the stabilization of clay with lignosulfonate
stabilizer has a great weakness that is the main drawback to the use of this stabilizer. Addition of 4% polyethylene
fibers increases the durability of stabilized samples up to 600% against wet and dry cycles. Also, adding polyethylene
fibers to stabilized clay soil with lignosulfonate reduces the weight loss of the materials (70%).

Keywords Soil stabilization, Calcium lignosulfonate, Polyethylene Fibers, Wetting and drying cycle.
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