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1. Introduction

Alluvial aquifers are among the primary sources of water
supply worldwide. Therefore, evaluating the geometry of
an aquifer is crucial not only for identifying the thickness
of the alluvium, estimating aquifer storage, and predicting
extractable groundwater, but also for investigating
changes in the geometry and volume (total, saturated, and
unsaturated) of the aquifer over time. Such evaluations are
necessary to optimize groundwater resource usage and
properly manage aquifers.

Currently, the rate of water withdrawal from aquifers
significantly exceeds the rate of groundwater recharge,
causing a sharp decline in groundwater levels, particularly
in the Mashhad-Chenaran aquifer (MCA). This article
aims to:

1. Evaluate the geometry of the MCA,

2. Estimate the alluvium thickness of the MCA,

3. Investigate changes in the volume of the
saturated part of the MCA over a 30-year period,
and

4. ldentify areas of the MCA that have experienced
a significant drop in water levels.

2. Materials and Methods

To determine the geometry of the aquifer, zoning maps of
various levels of the MCA aquifer were prepared,
including the ground surface digital elevation map (DEM),
the bedrock digital elevation map (BDEM), and the water
table digital elevation map (WDEM) (Figure 1).
Subsequently, to calculate the volume of the MCA aquifer,
several zoning maps were created, including the aquifer
thickness map (ATM), the saturated thickness map (STM),

and the unsaturated thickness map (USTM). Using the
total surface area of the MCA (2528 km?), the volumes of
different aquifer sections (total, saturated, and
unsaturated) were determined.

To assess changes in the MCA volume over time,
WDEMs were prepared for the years 1991, 2001, 2011,
and 2021, based on water level monitoring data from 74
piezometers across the MCA over a 30-year period (from
August 1991 to August 2021). Finally, by subtracting the
WDEMs of different years from the BDEM of the aquifer
and utilizing raster computing capabilities in a GIS
environment, saturated and unsaturated thickness zoning
maps were generated for each year.
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_Figure 1 a) Digital Elevation Map (DEM), b) Bedrock
DI?It{:ﬂ Elevation Map (BDEM), and c¢) Water Table Digital
Elevation Map (WDEM) of Mashhad — Chenaran aquifer

3- Results and Discussion
Based on the obtained BDEM, the bedrock morphology
was found to be uneven mainly in central part of the
Mashhad Plain, between Mashhad and Chenaran. This
unevenness is subject to various factors including geology
and tectonics events and it can be affected by the north and
south fault of Mashhad. So that, the thickness of the
alluvium in some places is 300 meters, while in some other
places it is near the ground level. The deep part of the
MCA is located in the central part of the plain, in the
distance between Chenaran and Razavieh (where the city
of Mashhad is located). The most of Mashhad's drinking
water supply deep wells are located in this area as well.
The longitudinal and cross-sections of the aquifer shows
that the alluvial MCA is an unconfined aquifer with a
single layer, and the groundwater flow from west and
northwest to east and southeast direction, which can be
confirmed by the prepared water table digital elevation
map (WDEM). The prepared maps of changes in saturated
and unsaturated thickness of the aquifer (STM and USTM)
shows that the thickness of the saturated part of the aquifer
has decreased during 1991 to 2021 (Figure 2).

So that, with dropping in the water level, the volume
of the saturated part of the aquifer has decreased about 42

billion cubic meters (BCM) over 30 years. The greatest
decrease in volume of saturation thickness (about 23
BCM) were made between August 2001 and August 2011,
when high number of wells with extensive aquifer
exploitation were seen. A comparison of the volume of the
saturated part of the aquifer in 2001s and in 2010s shows
that during 2011 to 2021, the aquifer was in a better
condition than the previous years and it lost less water
(about 5 BCM). Although this misleading to the minor
positive effect of the previous aquifer balancing projects,
but the aquifer may have faced with a decrease in
efficiency and withdrawal capacity due to the water table
dropping. In other words, it is not possible to the aquifer,
which has suffered a continuous and irreversible decline,
was able to collect water as before. Also, the examination
of the STM shows rising in water level compared to the
nearby points in the central part of the aquifer, in the
distance between Razavieh and Mashhad, between 2011
and 2021. Although as a result of urban effluents and
sewage infiltration to the aquifer and eliminating a number
of wells due to the supplied water from beyond MCA
catchment area (e.g., from the Doosti Dam), a slight
decrease in the rate of water level drop can be seen,
however, in general due to the compaction and in turn
reduction of specific yield of the aquifer materials, the
useful volume and the efficiency of the MCA aquifer was
reduced.
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Figure 2 The variation maps of saturated (a) and
unsaturated (b) thicknesses (STM and USTM) of Mashhad
— Chenaran aquifer
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Tabel 1 Changes in thicknesses and volume (total, saturated
and unsaturated zones) of Mashhad - Chanaran aquifer

during 30 years
2021 ‘ 2011 ‘ 2001 ‘ 1991
Unsatutarion Zone
Thickness (m) 65 62 55 49
Volume (BCM) 165 160 | 137 | 123
Saturation Zone
Thickness (m) 105 107 116 122
Volume (BCM) 265 270 293 307
Total Aquifer

Thickness (m) 172
Volume (BCM) 430

4- Conclusions

The results of this investigations show that the total
volume of the MCA is about 430 BCM, and the saturated
thickness of the MCA has been decreasing over time
(Table 1). The volume of the saturated part of the aquifer
was decreased from 307 to 265 BCM (about 42 BCM)
over the past 30 years (from 1991 to 2021). The largest
volume of MCA aquifer withdrawing (about 23 BCM)
was occurred during 2001 and 2011 (2.3 BCM yearly in
average). Also, the comparison of the changes in the unit
hydrograph of the MCA unit, show almost the same
decreasing in the volume of the saturated part of the
aquifer (40.5 BCM).




Hossein Mohammadzadeh,Raheleh Shahriari, Naser Hafezi Moghaddas, Azam Ghazi




V=IA) NP F PV o33 5 Oyt pumckio

, s

l ) (g9 P Ul 105 wkigo

by 0y by O ezl i (el
AT https://civil-ferdowsi.um.ac.ir/

ol olpl ke,

"0l - dgdo gl ELYI pé 9 EL pom Oyl (o) § dwid (203
53 plasl ® edie bsl> b Mool ed dal, Vo5 dhams o
DOI: 10.22067/jfcei.2024.87150.1287

oloo il gy 03lizes | iz 5 Izt | 8 o) T iy e Ol 05t pradd oG Calis il (sl Ol tia L) oSSy
il > Ol — dgtio Ol ol gLt 5 P (slo i pmm oo 5 tolin ctllis ol 3 G (5008 WOl g oo 5 nin) T
Ko 5 ploms] Mol s ) Cilisio = sl 17 (slitigy (slaat & Olpl ar i pnd S (S35 15 bl sspe (1P o= 11V Wl 10 Lo
Oaela oo FYo sl 10 loj il s bl ot w257 w3l DL 2l O e 5 Olsm] Gl 5 i 5 4 (Ol S
sl 1ol ot oy st v s o i ] i e 2818 ity oS o A G 1y O Ol e STk 2 alS i) 45 oo | nKn i
oo il o St pizeans 5 O3l 40 (6 gd CMBE 5 ol 3385 domti 3 iz i ol o Ol (60 Coancd s Olsmul 40 a3 Lol o] 455,87 &y g
ARl Ol ol o i o0 s o] 28l 5 S5 005 s 0 lal 3h po ok plies] b Sl Gt 3 i Rl BUE S 3 e 5

o] 4380

Dbl - dgte Ll o (23 0T Calis 1l ks (SOl (SO 319

Evaluation of The Geometry and Investigating of Changes in Saturated and Unsaturated VVolumes of
Mashhad - Chenaran Aquifer

Hossein Mohammadzadeh ~ Raheleh Shahriari Naser Hafezi Moghaddas Azam Ghazi

Abstract The assessment of aquifer geometry is crucial to determine the thickness of the alluvium, to estimate the aquifer
storage, to predict extractable groundwater, to optimize groundwater resource usage and to better manage aquifer. In
this article, the geometry of the Mashhad — Chenaran aquifer and the changes in the volume of its saturated and
unsaturated parts were investigated over a period of 30 years (1991-2021). To determine the geometry of the aquifer,
digital zoning maps of different surfaces (including the aquifer surface, water table level, and bedrock surface) were
prepared, and the aquifer thickness and the volume of the aquifer were estimated. According to the results, the volume
reduction in the saturated part is about 42 BCMs over 30 years, as confirmed by decreasing trend of the aquifer unit-
hydrograph. The maximum decrease in saturated volume accrued in the 2001 due to large withdrawals. However, in the
2011, the aquifer’s condition was improved. Although there was a slight reduction in the water level drop rate in some
parts of the aquifer due to the infiltration of urban effluents and sewage, as well as supplied from the Doosti dam, the
aquifer yield decreased due to compaction, which in turn reduced the specific yield of the aquifer materials.

Key words Aquifer Geometry, Alluvium Thickness, Saturated volume, Mashhad- Chenaran.
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1. Introduction

Walking is one of the active urban transportation methods,
but its share among chosen travel methods has decreased
in recent decades due to the increased use of motor
vehicles and private car ownership. Various barriers make
walking challenging for citizens. To promote walking, it is
essential to identify and address these barriers. A review
of previous studies identified several obstacles, including:
1. Laziness or the desire to sleep in,

2. Physical disorders,

3. Lack of interest in walking,

4. The need for a neat appearance in the workplace, and
5. Reluctance to be seen in public.

Additionally, three categories of factors influence walking
behavior:

1. Socio-economic characteristics,

2. Travel-related factors, and

3. Environmental conditions.

This study presents a case analysis of Qazvin city, focusing
on work and daily trips while considering all the factors
mentioned above. Using ordinal logit models, the research
identifies the key factors contributing to the reluctance to
walk.

2. Research Methodology

Logit models are widely used due to their strong
theoretical foundation, simple mathematical structure, and
ease of application. Given the discrete and ordinal nature
of the dependent variable, this study employed the ordinal
logit model. The importance of walking barriers was
measured using a five-point Likert scale, ranging from
"very low" to "very high."

After extensive research to determine the parameters and
barriers affecting citizens' willingness to walk, Qazvin city
was selected as the study area. Data collection took place
in January 2024 (Dey 1402) on the main roads in Region

3 of the city. This area was chosen because it hosts several

critical administrative and urban activities, such as:

¢ Imam Khomeini International University,

¢ The Broadcasting Organization of Qazvin Province,

e The General Directorate of Intellectual Education for
Children and Adolescents, and.

e The General Directorate of Deeds and Real Estate
Registration.

Participants were limited to citizens over 18 years old who

lived and worked in Qazvin city. From the completed

questionnaires, 60 valid responses were included in the

final database, excluding incomplete or defective entries.

3. Results

The study sample predominantly consisted of male
citizens aged 30 to 39, married, and possessing a university
education. The average family size was four members,
with two employed individuals per family.

An analysis of the percentage distribution of barrier
importance levels (on a scale of one to five) revealed that
the highest percentage (35%) was associated with the
response "a lot" for the variable "neat appearance in the
work environment.” This variable reflects concerns about
personal appearance and grooming issues, such as
sweating, which can discourage walking.

The interpretation of the models is as follows:

Barrier model of laziness or the desire to wake up late:
Citizens with less than one year of work experience are less
familiar with their work situation and can combine their work
activities with other daily activities that are more difficult than
others. Therefore, it is expected that less than others can
allocate time to walk to their work environment by waking up
early. Citizens who find walking on the way to work and
returning home effective in increasing their performance and
efficiency, with a higher percentage than others, consider
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laziness or the desire to wake up late as a barrier. The sign of
the walkability index was negative in the residential area; that
is, the larger the value of this index, the more desirable the
environment around the citizen's residence is for walking.

Barrier model of physical disorders: The negative sign of
having a job with a fixed schedule indicates that citizens who
have a regular schedule in their lives and consider themselves
obliged to do work at the designated time consider physical
disorders barriers less effective than others. It seems that
citizens with physical disabilities are more active in part-time
jobs due to their limitations. The sign of a work experience of
more than five years is positive; citizens with a work
experience of more than five years, who are more likely to be
older than young people, may have more physical problems,
which is considered a barrier for them. The positive sign for
making trips with motorcycle and bicycle vehicles is that
these citizens usually get on at the origin and get off at the
destination, which makes them get used to this way of travel,
and therefore, the level of their desire to walk decreases. The
positive sign of the total time spent on work trips shows that
as the duration of the trip increases, travel fatigue and physical
problems increase. As a result, citizens' willingness to walk
further decreases.

Barrier model of lack of interest in walking more: The
positive sign of making work trips during peak morning
traffic hours shows citizens' less interest in walking. The
presence of traffic jams in the morning may cause problems
such as vehicles encroaching on the rights of pedestrians
while walking; the positive sign for the total time spent on
work trips means that the willingness to walk decreases when
the travel time increases, followed by boredom. When the
walkability index in the residential area has a negative sign, it
indicates that the larger the value of this index, the more
suitable the environment around the residence is for walking.

Barrier model of neat appearance in the work environment:
Citizens with experience walking the entire route, more than
others, imagine the neat appearance in the work environment
as a barrier to walking. The positive sign of the total travel
time spent on work trips indicates that as the travel time
increases, the feeling of fatigue increases. This causes citizens
to look less neat and less inclined to walk. The negative sign
of the walkability index in the residential area can indicate
that with the decrease of this index, the environment around
the residence is less suitable for walking, and accordingly, the
citizens' concern about their appearance increases.

Barrier model of reluctance to be seen on the street: Citizens
who consider walking to work and back home as an
opportunity to support the environment have a favorable
view. They felt less uncomfortable than others when they
were seen on the street. The negative sign indicates that the
desire to support the environment is less important than being
seen on the street. The total travel time spent on work trips is
significant with a positive sign, that is, as the travel time
increases, not feeling good about being seen on the street is
more considered as a barrier because the amount of hours
citizens spend on the street increases, in As a result, the
unpleasant feeling is also increased and the desire to walk
decreases.

4. Conclusions

In this paper, five ordinal logit models were presented to
investigate the role of five barriers in the work trips of
Qazvin citizens in Dey 1402 in three categories of
characteristics, including socioeconomic, travel, and
environmental characteristics. The results showed that
with the decrease in the walkability index, the surrounding
area of the residence is less suitable for walking, and
accordingly, the citizens' concern about the lack of
appearance due to things such as sweating increases.
Therefore, by improving the infrastructure and facilities, it
is possible to increase walking in the desired areas. With
the increased travel time in the streets, the feeling of more
tiredness leads to a decrease in appearance, and, as a result,
the desire to walk decreases. The walking limit in terms of
time can be critical in different city areas so that citizens
want to walk. Urban decision-makers should pay attention
to this issue and distribute the arrangement of office uses
in different parts of the city so that people can access it in
the least amount of time and on foot.
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Behavioral Models to Identify Factors Affecting Walking Barriers in Work Trips
(Case Study: Qazvin City)

Hamid Mirzahossein Soheil Rezashoar Farzad Moradi

Abstract Walking is a sustainable transportation method that can alleviate traffic congestion and reduce air pollution.
However, various barriers still hinder walking, especially during business trips. This study investigates the factors
contributing to the reluctance to walk among citizens in Qazvin city, focusing on five specific barriers: laziness or the
desire to wake up late, physical disorders, lack of interest in walking, concerns about maintaining a neat appearance at
work, and reluctance to be seen on the street. Using ordered logit models, these barriers were analyzed across three
categories: socio-economic, travel, and environmental characteristics. The analysis, based on 60 questionnaires,
revealed that socio-economic characteristics had the highest number of significant variables, with six being particularly
influential. Notably, the walkability index negatively correlated with laziness or the desire to wake up late, lack of
interest in walking, and concerns about appearance, while the total time spent had a positive correlation with physical
disorders, lack of interest, neat appearance, and reluctance to be seen on the street. The findings suggest that lower
walkability in residential areas increases concerns about appearance due to factors like sweating, which discourages
walking. Improving infrastructure and reducing travel time could enhance walkability and encourage more walking.
Urban planners should consider these factors when designing city layouts to ensure that workplaces and amenities are
accessible by foot, thereby promoting walking as a viable mode of transportation.

Key words Walking, Ordered logit model, Barriers related to citizens, Qazvin city.
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1. Introduction

Considering the global limitation of water resources,
studying water quality is essential to identify and utilize
these resources as efficiently as possible. The chemical
composition of groundwater is influenced by numerous
factors, including the chemical properties of rainwater and
surface water, the geological and mineralogical structures
of the aquifer and watershed, subsurface geochemical
processes within the aquifer, and the groundwater
retention time.

The Iranshahr Plain, covering an area of 9,436.6 km2,
is situated in the hot and arid region of southeastern Iran in
Sistan and Baluchestan Province. Due to the fine-grained
texture of the Iranshahr Plain, groundwater flow is
reduced, leading to an increase in groundwater retention
time. This extended retention allows for chemical
reactions and the dissolution of soluble deposits in the
groundwater.

In terms of agricultural activity, the Iranshahr region
includes approximately 30,000 hectares of agricultural
land. The primary fertilizers used in the area are urea and
superphosphate. Therefore, studying the chemical
evolution of the region's water resources—considering the
expansion of agricultural lands and the indiscriminate
extraction of groundwater—along with the reduction in
precipitation in the Iranshahr area, is crucial. Such research
can help determine the optimal physical and chemical
quality of water for various uses and assess the degree of
quality degradation.

2. Method

In the Iranshahr Plain, qualitative data were collected from
27 groundwater sampling sites (wells and ganats), time
series data from 50 observation wells on water table levels,
and data on pumping durations and groundwater extraction

rates from the aquifer. These data were obtained from the
Sistan and Baluchestan Regional Water Company.

This study utilized average quantitative and qualitative
data to evaluate and discuss the region's groundwater
conditions. The research focused on analyzing flow
direction maps, topography, ion dispersion, groundwater
types, EC (electrical conductivity) and pH levels, aquifer
withdrawal rates, Piper mineral saturation index charts,
changes in water levels, and results from factor and cluster
analyses.

3. Results

The lag time between rainfall and changes in the water
table has increased around Iranshahr and Bampur cities, as
well as in observation wells farther from the river.
Groundwater withdrawal is higher in downstream areas
compared to upstream regions. Three groundwater types—
Na-Cl, Na-HCO3, and Na-SO,—are observed in the plain.
Electrical conductivity (EC) wvalues increase from
approximately 649 to 7,047 uS/cm from the eastern to the
western parts of the region, while pH levels decrease in the
same direction. As groundwater withdrawal intensifies,
water table levels decline, leading to a simultaneous
increase in electrical conductivity and a reduction in
groundwater quality (Fig. 1).

Most groundwater samples in the region are
supersaturated with respect to calcite and dolomite, which
tend to precipitate. However, the groundwater remains
undersaturated with respect to anhydrite, gypsum, and
halite, indicating a tendency to dissolve these minerals.
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Figure. 1. Time variation of EC, rainfall and water table in the study area.
4. Conclusion

In the study area, the iso-potential map and the direction of
the groundwater flow showed that a large part of the
groundwater from the carbonate unit rocks in the east of
the plain entered the aquifer and moved to the west of the
area, and during this movement, the quality of the
groundwater in the area decreased. The hydrochemical
evolution of the groundwater showed that the incoming
groundwater type was carbonated in the east of the region
and eventually became the dominant type of Na-Cl. The
location of exploitation wells with a higher pumping rate
and high electrical conductivity in the center and west side
of the aquifer has caused a drop in the water table and a
decrease in the quality of groundwater. Based on the lag
time values between precipitation and its effect on the
groundwater, it can be said that the direction of the
groundwater flow mainly follows the topography of the
region and in urban areas due to the reduction of
permeability and high harvesting and in the downstream of
the aquifer due to finer particles. Finally, it can be said that
natural geological factors and groundwater harvesting are
the factors influencing the quality of the ground water in
the aquifer.
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Hydrogeochemical Evolution in Aquifer of Iranshahr Plain
Reza Jahanshahi, Masoomeh Navardi, Naser Asadi, Mohammad Reza Mirbalouchzehi

Abstract This research investigated the hydrochemistry and quality of the groundwater resources in the lranshahr
plain, Sistan and Baluchestan Province, South East of Iran. Major ions, electrical conductivity and pH of groundwater
have been studied in 27 points of deep, semi-deep wells and ganats in the study area. According to the results, the
topographic elevation of the plain decreased from east to west and the direction of ground water flow was from east to
west too (almost parallel to direction of the seasonal river in the study area). The lag time between rainfall and water
table showed that around of Iranshahr and Bampur cities and observation wells far from river were increased. In the of
plain groundwater extraction amount in the downstream of plain was more than upstream. There were three types of
Na-Cl, Na-HCO3, and Na-SO4 in the groundwater of study area. The amount of EC increased from about 649 to 7047
pS/cm from east to west of plain, while the pH decreases in this direction. Simultaneously with the decrease in the level
of water table due to extraction from the aquifer, the process of increasing the electrical conductivity and decreasing
the quality of the groundwater had happened. Most of the groundwater samples in the study area were supersaturated
with respect to calcite and dolomite (tend to precipitate), while they were undersaturated with respect to anhydrite,
gypsum, and halite (tend to dissolution). Generally, geology setting and groundwater are factors effecting the quality
groundwater.

Key words Groundwater, Hydrochemistry, Lag time, Mineral saturation index.
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1. Introduction

In recent years, performance-based design has undergone
significant development. Meanwhile, the direct displace-
ment-based design (DDBD) approach determines the per-
formance criteria of a structure based on its maximum
displacement during an earthquake. For this purpose, for
a specific performance level, the damage state in struc-
tural and non-structural elements is defined based on
strain values and inter-story drift ratios, respectively. The
displacement corresponding to this level of damage is
considered as the target displacement. Therefore, it is ex-
pected that structures designed using the DDBD approach
will achieve the target displacement, strain values, and in-
ter-story drifts.

Many researchers have studied the seismic behavior
of concrete structures, especially reinforced concrete
(RC) shear walls. They have proposed various methods
for design and modeling. The DDBD approach can be
summarized in four main steps:

1. Determining the displacement profile.

2. Converting  the  multi-degree-of-freedom
(MDOF) system into an equivalent single-de-
gree-of-freedom (SDOF) system.

3. Calculating the design base shear and moments.

4. Determining the flexural and shear reinforce-
ment.

This study aims to investigate the fulfillment of perfor-
mance objectives in 12 buildings designed using the
DDBD procedure.

2. Modeling and Research Methods

In this research, three 5-, 10-, and 20-story buildings were
designed for two regions with different seismicity levels
and two soil type conditions. Thus, 12 shear walls de-
signed using the DDBD procedure were modeled in

OpenSees using nonlinearBeamColumn elements with fiber
sections. Each shear wall model was subjected to 45 artifi-
cial and 10 natural earthquake records. Subsequently, the
lateral displacement profile due to input ground motions
and the distribution of curvature and inter-story drift along
the wall height were investigated.

3. Results and Discussion

For all models, the maximum displacement of each story
was determined under each ground motion record by con-
ducting nonlinear time history analyses. The median value
of displacements (1), the standard deviation (o), and the me-
dian plus standard deviation (utc) were also calculated.
The results of lateral displacement profiles for the 20-story
building located in Los Angeles are shown in Figure 1. Ad-
ditionally, the design displacement profile, which repre-
sents the target displacement obtained from the DDBD de-
sign procedure, and the median displacements for the SDOF
structure are presented in Figure 1.
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Figure (2) shows the results of the curvature profile for
20-story building located in Los Angeles. In these graphs,
median values (1) and median plus standard deviation
(pnto) were determined for 45 records. SDOF system cur-
vature profile (SDOF) and yield curvature value (Yield)
and design curvature (Design) are also specified for com-
parison of the results.

In Table (1) Ay Aqroy Gy Ouso) are the median

of maximum displacement, median of maximum dis-
placement plus standard deviation, the median of inter-
story drift, and the median of inter-story drift plus stand-
ard deviation, respectively.

As mentioned, the non-structural criterion in shear
walls is the inter-story drift, which is limited to 2%.
Therefore, the performance goal is achieved when the
median of inter-story drift is about 2% and the dispersion
of the results is not significant. According to Table 1, the

median of inter-story drifts for selected models are between
1.6% and 2%, which indicates the proper and acceptable
performance of the structures designed using DDBD. In ad-
dition, the maximum standard deviation (o) is around 20%
and pto values for inter-story drift are between 2% and
2.4%.

4. Conclusions
In this study, 12 RC shear walls were designed using DDBD
approach and were modeled nonlinearly in OpenSees pro-
gram using fiber section elements. Each wall was subjected
to 45 artificial and 10 real earthquake records. The results
obtained from this study showed that the models reach to
the predetermined performance objective while they were
designed considering DDBD method. It should be men-
tioned that in most structures, the median of lateral displace-
ment and inter-story drift are almost equal to (and slightly
lower than) the target displacement and drift limitations, re-
spectively. Also, the curvature values in the middle height
of the walls increases due to higher modes effect as far as
wall height increases.

Finally, u+o indices for displacement, inter-story drift and
curvature showed 20 to 30% dispersion for different earth-
quake records.
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Performance Evaluation of RC Shear Walls Designed by Direct Displacement Based Design
Saeid Abdi Horr Khosravi Amir Hossein Jafarieh

Abstract In recent years, performance-based design has developed significantly. Meanwhile, the direct displacement-
based design (DDBD) determines the performance criteria on the basis of the maximum displacement of structure. For
this purpose, for a predetermined performance level, the level of damage in structural and non-structural elements is
defined based on tensile and compressive strain values and inter-story drift ratio, respectively. Then, the displacement
corresponding to this level of damage is calculated and is considered as a target displacement. Using design displacement
spectrum, the stiffness and strength of structure is adjusted to achieve the target displacement. Therefore, it is expected
that the structures designed based on DDBD approach, reach the predetermined target displacement, strain values and
inter-story drifts. In this research, in order to investigate the fulfillment of the design goals, first 12 buildings with shear
wall systems were designed. They include 5-, 10- and 20-story buildings designed for two levels of earthquake hazard
levels and two site classes. The designed buildings were subjected to 45 artificial and 10 natural earthquake records and
the displacement, curvature, and inter-story drift ratio were determined. The nonlinear dynamic analysis results show
that the average value of story displacements, inter-story drifts and curvatures are almost equal to the design goals and
somewhat less. Therefore, the DDBD method meets the performance objectives well.

Key words DDBD, Performance objective assessment, RC Shear wall, Nonlinear dynamic analysis.
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1- Introduction

In recent years, the demand for urban water consumption
has dramatically increased due to population growth,
improving health, and increasing community welfare. On
the other hand, access to sufficient water resources,
especially in countries located in arid and semi-arid
regions like Iran, faces many limitations. For this reason,
the problem of lack of sufficient water in many regions of
the world has become one of the most critical challenges
of urban management.

Due to limited access to new water sources, managing
and controlling water use is preferable to searching for new
sources. Domestic water use is the most important among
the various urban water uses. On the other hand, the large
amount of wastewater produced in the domestic sector
indicates excessive water consumption in the domestic
sector. Therefore, reducing household water consumption
can effectively address the water shortage crisis.

Previous research has shown that one of the main
factors of excessive water consumption in domestic use is
that people do not use the correct methods of consumption
in this category of urban water use. Therefore, teaching the
proper behaviors of water consumption in different
household uses is very important and necessary to reduce
water consumption in the domestic use sector. Based on
this, in this article, we seek to prioritize different domestic
water uses to improve people's consumption behavior. For
this purpose, it is necessary to investigate the existence of
differences in the consumption behavior of people in
different types of domestic water use. Then, if there is a
significant difference between household uses, they can be
prioritized to correct the water consumption pattern.

2- Methodology

To investigate and evaluate consumption behaviors and
prioritize household uses, six domestic water uses were
selected, including car washing, washing machine,
dishwashing, bathing, brushing, washing, and toilet. Then,

the consumption behaviors in each of them were scored
based on the amount of water consumption, respectively
with the numbers 1 (lowest volume of water consumption)
to 4 (highest volume of water consumption). Then,
questionnaires based on different consumption behaviors
in mentioned household uses were randomly distributed
among the citizens of Mashhad City.

The confirmatory factor analysis method was applied
to examine the similarities or differences in people's
consumption behavior in different household uses. For this
purpose, a hidden variable such as water consumption
behavior was considered as a hidden factor in determining
the type of consumption behavior of people. Then, in the
confirmatory factor analysis, a structure was considered
according to which the consumption behavior of each
person in different household uses is a function of the
hidden variable (water consumption behavior). If the
consumption behaviors of each person are similar in
different household uses, such structure and the hidden
variable will be recognized as acceptable and valid in the
confirmatory factor analysis. Otherwise, each person's
consumption behaviors will differ in household uses. In
this way, prioritizing household uses becomes essential.

Three criteria were proposed in this study to prioritize
domestic water use: average water consumption volume,
frequency of repetition of incorrect consumption
behaviors, and combined criteria. The combined measure
is the product of the average volume of water consumption
multiplied by the repetition frequency of incorrect
consumption behaviors. The average volume of water
consumption based on the measured values for different
consumption behaviors in domestic water use in previous
studies and the frequency ratio of repetition of wrong
consumption behaviors can also be calculated based on the
results obtained from statistics.

3- Results
Consumption behavior questionnaires were distributed
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among 607 residents of Mashhad City, and their
consumption behavior in different domestic uses of water
was questioned. In addition, their other characteristics,
such as age, gender, education level, and humber of family
members, were also included in the questionnaires.
According to the data obtained from the distribution of the
questionnaires, 54% of the respondents were female, and
46% were male. Regarding age range, 86% of the
respondents were in two age ranges: 21 to 30 and 31 to 40.
58% of the respondents were members of families of 3 or
4 people. 61% of the respondents' educational
qualifications were diploma, postgraduate, and bachelor.

After entering the data obtained from the
questionnaires into the software and performing
confirmatory factor analysis, a hidden variable called
water consumption behavior was considered, and the
consumption behaviors of people in different household
uses were considered to be influenced by this factor (water
consumption behavior). Then, the validity of the assumed
factor structure was examined. According to the results
obtained from the confirmatory factor analysis, the
variance error values for all variables (consumption
behaviors in different household uses) were less than 1.96,
which indicates the non-significance of the mentioned
variables in the assumed structure. In addition, the value of
the P-value index was less than 0.05, which means the
model was poorly fit with the assumed structure.
Therefore, it can be concluded that people's consumption
behaviors are different in different household uses.
Consequently, it is essential to prioritize household
consumption to modify the consumption pattern.

In the next step, domestic consumption was compared
based on the average monthly water consumption and
ranked according to Table 1. According to the obtained
results, the largest volume of water consumption was
allocated for bathing, washing, and toilet purposes.

Table 1. Prioritization of domestic water use to modify the
consumption pattern based on the average water
consumption criteria

Average monthly
Domestic use of water water Priority
consumption
(liters)

Bathing 2508.17 1
Washroom and toilet 619.03 2
Brushing teeth 360.32 3
Dishwasher 333.74 4
Washing machine 107.95 5
Car wash 19.33 6

In the next step, domestic water consumption was
compared only based on the ratio of incorrect consumption
behaviors and ranked according to Table 2. Based on the
obtained results, the highest proportion of incorrect
consumption behaviors and the highest frequency of their
repetition among the statistical sample was allocated to
bathing, washing machine and brushing teeth.

In the last step, household consumptions were
compared based on a consolidated criterion, i.e., the

product of monthly water consumption and the proportion
of incorrect consumption behaviors, and were ranked
according to Table 3.

As can be seen in Table 3, based on the consolidated
criteria, bathing, washing, and toilets were assigned the
highest priority for correcting the consumption pattern,
and brushing, dishwashing, washing machine, and car
washing were placed in the next priority, respectively.

Table 2. Prioritization of domestic water use to modify the
consumption pattern based on the frequency of repetition of
incorrect consumption behaviors

The proportion of
Domestic use of water Incorrect Priority

consumption

behaviors (%)
Bathing 66 % 1
Washing machine 60 % 2
Brushing teeth 47 % 3
Washroom and toilet 39% 4
Dishwasher 35% 5
Car wash 26 % 6

Table 3. Prioritization of domestic water use to modify the
consumption pattern based on the integrated criterion of
consumption volume and consumption behavior

Average monthly
water consumption
Domestic use of (liters) X Thi _
water proportion o Priority
incorrect
consumption
behaviors (%)
Bathing 1655.39 1
Washroom and toilet 241.42 2
Brushing teeth 169.35 3
Dishwasher 116.81 4
Washing machine 64.77 5
Car wash 5.03 6

4- Conclusion
Based on the research conducted in this article, the
following results were obtained:

- There is a significant difference between people's
consumption behaviors in different household uses.

- The highest volume of monthly water consumption
among domestic water uses is for bathing, washing, and
toilet, and the highest frequency of repeating incorrect
water consumption behaviors is for bathing, washing
machine, and brushing teeth.

- Bathing, washing, and toileting are the highest
priorities for improving water consumption behaviors in
Mashhad.
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Evaluation of Household Water Consumption to Modify the Consumption Pattern,
Case Study: Mashhad City

Mohsen Kadkhodaei Ali Abbasi

Abstract Modifying the pattern of water consumption in households has a prominent and important role in the
management of urban water consumption. By promoting frugal behaviors, the per capita water consumption within the
domestic sector can be reduced to an acceptable level. The purpose of this study is to evaluate and prioritize different
types of household water consumption to improve the consumption pattern in the city of Mashhad. To achieve this goal,
the similarity of consumption behaviors across different household water uses were investigated through confirmatory
factor analysis. The results indicated the lack of similarity in consumption behaviors of people in different household
uses in terms of whether the consumption behaviors are correct or incorrect. Then, the different household water uses
were prioritized according to the average criteria of the water consumption volume and the proportion of incorrect
behaviors. The outcomes indicated that priority should be given to water usage for bathing and toilet purposes, while
brushing teeth, dishwashing, laundry machine operation, and car washing were assigned lower priorities.

Key words Urban water consumption, Water consumption per capita, Water consumption behaviors, Water saving
behaviors, Confirmatory Factor Analysis (CFA).
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1- Introduction

In recent years, Building Information Modeling (BIM) has
seen rapid adoption in the Architecture, Engineering, and
Construction (AEC) industries, driving demand for precise
as-built models. The conventional methods for capturing
3D spatial data, such as terrestrial laser scanners and
photogrammetry, are effective but come with challenges
like high costs and the need for specialized equipment and
operators. The advent of LiDAR technology integrated
into smartphones, particularly since the release of the
iPhone 12 Pro in 2020, has sparked interest in exploring
the potential of these devices for surveying applications.

This study examines the effectiveness of the iPhone 12
Pro’s LiDAR sensor in capturing 3D spatial data of indoor
environments, specifically comparing its accuracy in two
scanning conditions: with and without the use of a gimbal
stabilizer. The results were benchmarked against more
established methods, including photogrammetry and total
station measurements, which serve as high-precision
baselines for comparison. This research addresses a critical
question: Can smartphone-based LiDAR sensors provide
reliable data for indoor mapping with sufficient accuracy
to replace or complement traditional methods?

2-Methodology

To evaluate the performance of the iPhone's LiDAR
sensor, the study utilized a systematic data collection
process in a controlled indoor environment. Initially,
control points were established using a total station to
ensure a reliable reference framework for accuracy
assessment. The room was scanned using the iPhone in
both  gimbal-assisted and  unassisted  modes.
Photogrammetric data was collected using a series of high-
resolution images processed with structure-from-motion
techniques to create detailed point clouds. The data from

each method were aligned using the Iterative Closest Point
(ICP) algorithm to minimize alignment errors.

The accuracy of the smartphone LIDAR scans was
assessed using cloud-to-cloud (C2C) distance analysis and
Root Mean Square Error (RMSE) calculations. This
included evaluating the geometric consistency and spatial
accuracy of the generated 3D models by comparing them
against the total station and photogrammetric point clouds.

3-Findings

The results indicate that using a gimbal significantly
improves the accuracy of the iPhone LiDAR scans. In the
C2C analysis, scans without a gimbal exhibited errors
exceeding 35 cm, while with a gimbal, these errors were
reduced to below 10 cm in most cases. However, some
residual errors between 10-20 cm persisted in certain areas.
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Figure 1, Scanning four rooms with iPhone, without
gimbal(a), and with gimbal(b)

The RMSE for smartphone-derived data was between
15-20 cm, compared to 1.5 cm for photogrammetry and 2
mm for total station measurements. This suggests that
while smartphone-based LIiDAR can be useful for
medium-accuracy indoor mapping, it is not suitable for
high-precision engineering tasks.

Table 1, Control points and checkpoints error

method RMSEX RMSEY RMSE
(m) (m) (m)
Photogrammetry 0.008 0.011 0.014
iPhone + Gimbal 1 0.113 0.168 0.203
iPhone + Gimbal 2 0.084 0.148 0.171
iPhone + Gimbal 3 0.050 0.145 0.153

The study also found that the iPhone’s LiDAR sensor,
when stabilized with a gimbal, provided much cleaner
point clouds with reduced noise and overlapping scan
errors (figure 2,3). Without stabilization, the scans were
prone to inaccuracies caused by hand movements, which
led to significant deviations in the resulting 3D point
clouds.

@ ) (b)

Figure 2, Vertical view of the point cloud obtained from the
iPhone scanner with (a) and without gimbal (b)

The use of a gimbal in smartphone-based LiDAR
scanning improves data accuracy and noise reduction,
enabling effective vectorization of captured point clouds.
This enhances data quality, enabling the creation of BIM
directly from smartphone-derived scans, making
smartphone LiDAR a cost-effective tool for medium-
accuracy indoor mapping projects.

Figure 3, Preparing a valid and realistic building
information model using a 2D map and 3D point cloud
information

4-Discussion

The research highlights both the potential and limitations
of smartphone-based LiDAR technology. Although the
iPhone’s sensor is not yet capable of matching the
precision of traditional surveying tools, it offers a cost-
effective and accessible alternative for less demanding
applications. The improvements observed with the use of
a gimbal point to a practical solution for increasing the
accuracy of smartphone scans. This could be particularly
beneficial in scenarios where quick and on-the-go data
acquisition is required, such as initial site inspections,
interior renovations, or real estate assessments.

Despite its advantages in terms of portability and
affordability, smartphone LIiDAR sensors face challenges
in larger or more complex indoor spaces where high
precision is critical. The current limitations include a
maximum effective range of approximately 5 meters,
sensitivity to environmental lighting conditions, and noise
accumulation over longer distances.

5-Conclusion

The findings of this study confirm that while smartphone
LIiDAR sensors have potential applications in indoor
surveying, they currently fall short of the precision
required for detailed engineering projects. However, their
ease of use, accessibility, and relatively low cost make
them a promising tool for less demanding spatial data
collection tasks. With further advancements in sensor
technology and stabilization techniques, the accuracy and
reliability of these devices could improve, paving the way
for broader adoption in the AEC industry.

Future research could explore integrating smartphone-
based LiDAR data with other sources, such as drone-based
photogrammetry or traditional ground-based surveys, to
enhance the overall accuracy of 3D models. Additionally,
investigating the use of advanced algorithms to correct the
inherent limitations of smartphone sensors could further
expand their usability in professional contexts.
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Investigating the Capability of the Smartphones Time-Of-Flight Sensor to Data-Capturing Interior
Spaces of Building

Mohammad Amooshahi Asghar Milan Saeid Sadeghian Alireza Gharagozlou

Abstract Considering the significant increase in the use of Building Information Modeling (BIM) and its prominent
role in the Architecture, Engineering, and Construction (AEC) industries, achieving an accurate as-built model is
critical. However, current tools for acquiring 3D data and reconstructing as-built building conditions face challenges
such as limitations in accuracy and high costs. Since introducing the LiDAR sensor in iPhones in 2020, extensive
research has been conducted to evaluate the capabilities of this sensor across various fields, especially in surveying.
This study compares 3D scan data from the iPhone in two modes— with and without using a gimbal with data obtained
from photogrammetry and a total station. The results show that using a gimbal eliminates the errors from multiple
scans and enhances geometric accuracy. In the cloud-to-cloud (C2C) analysis without a gimbal, errors exceeding 35
cm were observed, while with the gimbal, these errors were minimised, with most discrepancies being below 0.10 cm.
Although some errors ranged from 10 to 20 cm, the root mean square error (RMSE) for smartphone-derived vector
data ranged between 15 to 20 cm. In comparison, the RMSE for the total station and photogrammetry was measured at
2 mm and 1.5 cm, respectively. While the accuracy of this data is lower, it is suitable for medium-accuracy indoor
building surveys, though it is less reliable for engineering projects requiring very high precision.

Key words Smartphone, 3D scanner, photogrammetry, building information model, 3D cadastre.
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