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Investigation of Tensile Behavior of Steel Plates and Epoxy Material
Using Digital Image Correlation

Elias Toumeh !, Ghoson Danhash?
1 Master student at structural civil engineering college /Homs University.
2 Head of structural engineering department at civil engineering college

[Homs University.

Abstract:

This study aims to investigate the tensile behavior of steel plates and Epoxy
material by employing both conventional and advanced deformation
measurement techniques. Tensile deformations were monitored using the
traditional linear variable differential transformer (LVDT) alongside the optical,
non—contact digital image correlation (DIC) technique. The DIC method
operates by capturing high-resolution images before and after deformation,
allowing full-field measurement of displacements and strains without physically
contacting or damaging the specimen.

Specimens were prepared by applying a high—contrast speckle pattern on the
surface to facilitate accurate image tracking. Video recordings of the tensile
tests were processed to extract displacement and strain data, which were then
compared against the results obtained from LVDT. This comparison aimed to
evaluate the accuracy, advantages, and limitations of each measurement
technique, especially focusing on the effectiveness of DIC in complex hybrid

steel-epoxy interfaces.
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The results demonstrated strong correlation and agreement between the DIC
and conventional methods, confirming DIC as a reliable tool for capturing
detailed strain distributions over time. The optical technique also overcame
common issues observed with contact sensors, such as slip and localized
measurement errors.

This research contributes valuable insight into the application of DIC for
hybrid joint testing, supporting its use in structural engineering design and
numerical modeling validation, and enhancing understanding of tensile
mechanics in composite materials.

Keywords:

Steel, epoxy, Digital Image Correlation DIC, tensile behavior.
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Introduction

Determining the stress—strain curve in material testing is a critical factor for
ensuring safe structural design due to its fundamental role in characterizing
material behavior under various loading conditions and identifying critical load

thresholds and appropriate safety factors [Danhash et al., 2012—2024]. The
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stress—strain curve is widely used in tensile testing of steel to determine
essential mechanical properties such as ultimate tensile strength, yield stress,
modulus of elasticity, and strain at failure. These parameters are
indispensable for selecting appropriate cross—sectional dimensions and
evaluating the integrated performance of structural elements. Accurate
stress—strain characterization of steel is particularly vital when incorporating
the data into finite element modeling programs, such as ABAQUS, to verify
the reliability and predictive capability of numerical simulations [Abdulahad &
Danhash, 2025], [Danhash, 2025].

Various deformation measurement techniques exist, classified based on their
working mechanisms, the equipment used, and installation methods. These
include electrical conversion—based devices such as linear variable differential
transformers (LVDT), resistance change-based sensors like strain gauges,
and advanced optical methods relying on image processing algorithms, such

as digital image correlation (DIC).

Digital Image Correlation (DIC) technique

DIC is a non—contact optical method for studying surface deformations without
damaging or physically interacting with the specimen. It operates by
comparing digital images taken before and after the deformation of the
specimen surface, allowing monitoring of displacements, strains, velocities,
and accelerations in all directions over the entire surface [Gdoutos, 2(022].
Initially, the specimen surface is cleaned and painted white, followed by
applying a speckle pattern with approximately 50% black spray over the white

background. During tensile loading, video is captured under steady lighting
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conditions, with the camera positioned perpendicular to the surface and set
to high resolution [Rossman et al., 2017].

The recorded video undergoes several processing steps using specialized
software: excess frames are removed to include only the loading phase until
failure and images are converted to grayscale. The grayscale images are then
imported into software such as GOM, where numerical algorithms calculate
displacements of reference points (see Figure 1) using virtual extensometers
placed in areas of interest. To ensure accurate measurements, a random
speckle pattern is essential on the specimen surface as a reference for the
correlation algorithm. In some materials, like cement, the naturally rough

surface provides an inherent speckle pattern.
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Figure 1. Principle of operation of the Digital Image Correlation (DIC)

technique
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Digital Image Correlation (DIC) has emerged as a reliable technique for
studying the bond behavior between steel and recycled aggregate concrete,
as well as for measuring strain in various materials. Research indicates that
DIC-derived displacement-time curves align closely with those obtained from
traditional methods like LVDT, confirming its effectiveness in experimental
deformation tracking. DIC was employed to analyze bond-slip behavior in
steel-recycled aggregate concrete, revealing that bond strength decreases
with higher replacement ratios of recycled aggregates (Danhash et al., 2023).
The study demonstrated that DIC results were comparable to LVDT
measurements, validating its use in assessing bond behavior in concrete
mixes with varying recycled content (Danhash et al., 2023). DIC has been
validated for obtaining strain—time curves in tensile tests of steel, showing
strong correlation with strain gauge measurements (Mousa et al., 2023). The
technique's non—-invasive nature and ability to provide full-field measurements
enhance its applicability in structural testing, making it a preferred choice over

traditional methods (Mousa et al., 2023).

Research Problem:

Tensile testing of steel plates aims to acquire the stress—strain curve, from
which modulus of elasticity and yield stress are determined properties
fundamental to steel design. However, challenges arise due to measurement
inaccuracies, mostly caused by slipping of the steel plate within the grips of
the tensile machine despite surface roughening and tack welding, resulting in
erroneous displacement and strain data when using LVDT sensors attached
to the grip jaws. Such issues prevent capturing precise strain—time and strain—

stress relationships.
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For validating the accuracy of DIC, the present study used two methods, the
first involves securely welding attachment plates to the specimen surface to
firmly fix the LVDT sensor, minimizing slip and measurement error; the second
solution is to apply the DIC technique, which inherently eliminates slip

measurement errors due to its non—contact nature.

The aim of the present study

The primary objective of this study is to validate the feasibility and accuracy
of using the Digital Image Correlation (DIC) technique for strain measurement
in tensile tests of steel plates, by comparing its results with those obtained
from a welded-fixed LVDT sensor securely attached to the specimen surface.
Additionally, the study aims to assess the effectiveness of DIC in measuring
tensile elongation in two types of epoxy materials and to compare these
measurements with elongation data provided by the tensile testing machine’s
computer software. The previous experimental curves are required in
simulating the hybrid joints (steel-epoxy-CFRP) for obtaining the real

behavior of the joint.
Experimental Procedure

Tensile Testing of Steel Specimens

Three steel specimens were tested with cross—sectional dimensions of 73 x
6.4 mm, Lo = 122 mm as shown in Figure 2. Tests were conducted using a
universal tensile testing machine at the Concrete Laboratory, Faculty of Civil
Engineering, University of Homs. Tensile deformations were recorded using

an LVDT sensor initially mounted between the machine jaws (Figure 3).
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Figure 2. The tensile experimental process of the steel plate

Initial results obtained via the LVDT, due to grip slippage during testing,
produced unrealistic modulus of elasticity values (65.4 MPa).

The test was repeated with two types of measurements, where the LVDT was
re-mounted directly onto the first face of the specimen (Figure 3) using
welded steel attachment plates, ensuring stability and minimizing sensor drift
during loading. This method, although effective, introduced localized

weaknesses in thinner specimens.
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S, :

Figure 3. LVDT fixed on the steel plate

To facilitate DIC analysis, the second face of the specimen was first coated
with white paint, followed by application of a black speckle pattern, and video
recording was performed during loading. This two—faces measuring procedure
was suggested for obtaining the elongation—time curve for the same specimen
at the same time for validation DIC’s measurements.

Multiple speckle pattern designs were evaluated in GOM (Figure 4) before
the test, revealing that increased speckle density improved tracking quality.
Pattern D was ultimately selected due to its high correlation quality, full
tracking coverage, and ease of application with a brush. Sensor placement in
GOM (Extensometer) is illustrated in Figure 5.

Displacement-time data were extracted from the LVDT via Excel (Figure 6)
and from DIC-processed GOM data (Figure 7). The results showed strong

agreement between LVDT and DIC measurements. Stress—strain curves
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generated from both methods yielded modulus of elasticity E = 200.4 X
103[MPa] and yield stress Fy = 343 [MPa], see (Figure 8).

(0)

Figure 4. Speckle patterns density investigated in GOM
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i "1:’:* AN 4'; AN S
Figure 5. Sensors placement in GOM (Extensometers)
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Figure 6. Stress—-Time curve obtained from LVDT
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Figure 8. Stress—strain curve for steel plate

Tensile Testing of Epoxy Specimens
Sikadur-31 Epoxy
Three specimens (dog-bone) shape of Sikadur-31 epoxy were tested,

conforming to ASTM C 881-78 Type 1, Grade 3, Class B + C specifications
22
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with thickness of 4 mm and , Overall length: 165 mm (6.5 inches) Length of
measurement: 50 mm (2 inches) , Width at the narrow section: 13 mm (0.5
inches) a mixing ratio of 2:1. as shown in Figure 10. Speckle patterns were
applied, allowing GOM software to easily register reference points for vertical
displacement tracking. Displacement—time curves obtained from the tensile
machine (Figure 11), calculated from machine-connected computer software,
closely matched those derived from DIC analysis, as shown in Figure 10.

Stress—strain curve then was obtained (Figure 12) enabling the calculating
the tensile strength and fracture energy (required for finite element method),
which is the area under the stress—strain curve, approximated by the triangle
formed from maximum stress before failure and corresponding elongation.

The average measured tensile strength was 8.39 [MPa].

23
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Figure 9: Epoxy sample dimensions
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Figure 10. Elongation-time curve obtained from DIC for Sikadur-31

Epoxy
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Figure 11. Elongation—-time curve for Sikadur-31 Epoxy from tension

machine
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Figure 12. Stress-—strain curve for Sikadur-31 Epoxy from tension

machine

Ekostik Epoxy

Three specimens of fast—curing Ekostik epoxy were tested, with a 1:1 mixing
ratio and thickness of 4 mm, to evaluate tensile strength and mechanical
performance. Displacement-time curves obtained via DIC processing (
Figure 13) were in excellent agreement with curve recorded by the tensile
machine (Figure 14). Stress—strain curves produced for these specimens
confirmed the accuracy of DIC measurements. The average measured tensile

strength was 6.82 [MPa], see (Figure 15).
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Figure 14. Stress—elongation curve for Ekostik Epoxy from tension

machine
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Figure 15. Stress—stress curve for Ekostik Epoxy from tension

machine
Conclusion

The experimental program yielded a comprehensive comparison between the
digital image correlation (DIC) technique and the conventional linear variable
differential transformer (LVDT) method for tensile deformation measurement
in steel and epoxy specimens. Data analysis confirmed that the DIC method
is capable of producing highly accurate strain and displacement
measurements, closely matching results from LVDT recordings under
controlled conditions.

For steel specimens, tensile deformations recorded by DIC demonstrated
strong numerical agreement with those obtained from LVDT sensors. The
displacement-time and stress—strain curves generated from both methods

exhibited nearly identical slopes in the elastic region, leading to consistent
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modulus of elasticity values E = 200.4 x 103 and vyield stresses E, =
343 [MPa]. This correlation validates the reliability of DIC for steel testing
and indicates that, when properly configured, DIC provides comparable
precision to well-secured contact sensors, even under conditions where

specimen grip slippage may compromise LVDT accuracy.

Similarly, a stress—strain diagram for the epoxy material was obtained,
and a strong agreement was observed between the time-based
deformations monitored using the DIC technique and the time-based

deformation values obtained from the tensile testing machine.

The intrinsic advantage of DIC in such cases stems from its non—contact
nature, which eliminates mechanical interference and measurement error
caused by relative movement between the sensing device and specimen.
The accuracy of DIC was found to be highly dependent on optimal speckle
pattern application and calibration through GOM software’s correlation quality
metrics. Tests revealed that low—density or unevenly distributed speckles
reduced the number of reliable reference points, resulting in incomplete strain
maps and localized tracking errors. Improving speckle uniformity.

DIC testing provided operational advantages over LVDT measurements when
applied to steel specimens. The procedure required only the stable mounting
of a video camera and appropriate lighting, as opposed to the more labor-
intensive LVDT setup, which demanded welding of steel attachment plates to
ensure sensor stability during loading. This welding not only consumed

additional preparation time but also introduced potential structural
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discontinuities in thin specimens, thereby risking premature failure or altered

mechanical behavior.

In contrast, DIC’s optical setup involved no direct contact with the specimen,

minimizing risk of physical interference and preserving material integrity.

These practical benefits underscore DIC’s suitability for testing materials

where sensor attachment is challenging, specimen geometry is irregular, or

contact measurement could induce unwanted mechanical effects.
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Incorporating the Site Class into the Seismic Fragility Functions: A

Methodology Based on the Use of Dummy Variables

Dr. Hanan Hussein*

ABSTRACT

In this research, we take a step forward in developing seismic fragility
curves that take into account the seismic site class, which contributes to
enhancing the efficiency of these assessment tools. The adopted
methodology based on incorporating the site class as an independent
variable into the probability seismic damage function of concrete bridges using
dummy variables. To achieve this, we employed a suitable probabilistic model
capable of handling binary seismic damage data (damaged, undamaged)
while also accepting categorical variables (site classes)—namely, the binary
logistic regression model. We adopted a damage database resulting from
nonlinear static analysis of a large number of samples representing the
studied bridge type, subjected to various seismic intensities, while considering
four main site classes. The results showed that the proposed damage function
model is statistically acceptable, as it demonstrated a very good predictive
capability ranged between 73.8% and 96.7% (depending on the damage

state), along with increased reliability in probability estimates by explaining

*Work Manager - Department of Structural Engineering, Faculty of Civil Engineering,
Latakia University, Latakia, Syria.
hanan.hussein@latakia-univ.edu.sy
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the significant variation in seismic response according to site class and directly

distinguishing between these classes.

Keywords: seismic fragility curves, dummy variables, logistic regression,

site class.
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Seismic Nonlinear Static Analysis of Concentric Mega Braced- Paneled
Beams Frame Systems
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Abstract

This paper discusses applying different configurations of mega

bracings at the perimeter of a mid-height frame building model designed to
sustain vertical loads merely. This will make the structure able to carry lateral
loads effectively. The model has a paneled beams slab (grid and skew), so there
are no columns at the middle. This will give higher architectural flexibility. In
this research six different types of stiffening systems were added to the two
slabs’ models (grid and skew) to sustain lateral loads, i. e. mega X steel
bracing, overlapping X steel bracing, mega K steel bracing, hexagon shape
steel bracing, RC shear walls, and diagrid reinforced concrete system.
Nonlinear static procedure was applied to the 14 models using ETABS
program and the performance points were identified graphically. Where
Nurdagi event - 6 February 2023 in Turkey was applied to the models as a
demand curve.
The results demonstrated that Mega overlapping X braced frame system gave
satisfying behavior with an increase in the structure’s stiffness of 331%.
Besides, the results showed that this model has the best performance with the
least plastic hinges number in columns compared with the other models.

Keywords: Concentric Mega bracing, nonlinear static analysis, paneled
beams slab, seismic load, 6 February 2023 Earthquakes

1. Introduction

For mid-height buildings there are four main structural systems. i.e.
Frame system, Shear wall system, Dual system and interactive system.
However, these systems are not capable enough to give a flexible architectural
space such as galleries and shopping malls. In this research concentric mega
braces are applied to a paneled beams structure with columns only on the
perimeter of the building. The braces were added to the perimeter of the two
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models only to sustain free space and fulfill architectural functionality.
Aesthetic configurations were adopted through these six stiffening systems
with glass curtain wall facades due to architectural purposes. Then a static
nonlinear analysis was applied on each configuration to find out the
configuration that gives the best performance under 6 February 2023
Earthquakes. Nurdagi event is scaled to zone 2B (near Aleppo) as per UBC97,
[17]. Through this process several comparisons were made by different means
to find an architecturally aesthetic structural solution that gives flexibility to
the architect at the same time.

A lot of research were conducted about nonlinear static analysis
(Pushover analysis). All of them have proved the effectiveness of this analysis
procedure. (Ashwini et.al, 2024) [7], presented the origin, growth and
development of pushover analysis, offering a deep insight into the attempts
made by researchers in refining, redefining and enhancing pushover analysis
and design of structure and its procedures. This was a detailed literature survey
of nonlinear static pushover analysis from 1970 to 2023. Different researchers
use pushover techniques to evaluate both existing and presumed structural
behavior. The different formats of pushover analysis are also heighted along
with its application on structural models to check for feasibility of various new
progress in the analytical procedure. Conclusion would be in such a fashion
that the Nonlinear Pushover analysis is found to be an extraordinary if it is
carefully utilized by the users. Talking about capacity spectrum methods.
Specifically, about determining performance points with reasonable accuracy.
(Anjum et.al, 2026) [2], analyzes the behavior of a 10-story reinforced concrete
(RC) building using pushover analysis (POA) and response spectrum analysis
(RSA) in ETABS, following the Bangladesh National Building Code. Results
indicate that while response spectrum analysis is effective for preliminary
design, pushover analysis offers deeper insight into potential failure
mechanisms. This study emphasizes the importance of integrating both static
and dynamic approaches for a comprehensive seismic evaluation of high-rise
buildings lateral load resisting system. (Guyaderand Iwan, 2004) [11],
developed an improved capacity spectrum method employing statistically
optimized linearization parameters. Capacity spectrum method, which is one
of the three solution procedures presented in FEMA 440 as a tool of
performance-based design. In this research, the researchers have developed a
modified acceleration-displacement response spectrum (MADRS), which is
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used in combination with the capacity spectrum designed to determine the
Performance Point. Several (MADRS) are computed for several ductility
values. The secant period lines are drawn for the same ductility values that is
computed for the family of (MADRS). The Locus of Performance Points is
created by connecting the points of intersection for each (MADRS) graph with
its corresponding secant period line. The Performance Point is determined at
the intersection of the Locus of Performance Points line and the capacity
spectrum. Many researchers have inspected different structural systems under
lateral load using static pushover analysis. (JKHSI and SABER, 2025) [15],
used ASCE 7-10 and ACI 318-08 codes to design 24 buildings with different
height by means of pushover analysis using ETABS software version 20.1.0.
This study analyzed a dual system consisting of moment-resisting frames and
shear walls. The highest stiffness factor found in low-rise buildings with
smaller span lengths, higher shear wall thickness, and higher compressive
strength. In comparison, the lowest stiffness factor appeared in high-rise
buildings with longer span lengths, lower shear wall thickness, and lower
compressive strength. However, (Mahmoud et. al, 2024) [17], used finite
element models with different story numbers and seismic force resisting
system configurations to find out the impact of vertically varying seismic load
resisting systems through utilizing Performance-based seismic design. Two
different reinforced concrete building groups that cover different heights and
lateral system configurations were analyzed, group (1) includes 10 buildings
with different numbers of stories (10,15,20) with both Moment-Resisting
Frames at some floors and Shear Walls (at X global direction) at other ones,
group (2) includes 10 buildings with different numbers of stories (10,15,20)
with both Moment-Resisting Frames at some floors and Shear Walls (at both
X global direction and Y global direction) at other ones. This study concluded
that configuration of the lateral system in the vertical direction is sensitive and
has a significant impact on the response reduction factor. When contemplating
an earthquake-resistant system for a building of any height, it is preferable to
use a moment-resisting floor system on the upper levels, which reduces drift,
the lateral system becomes more ductile and effective in absorbing energy
when it has sufficient stiffness in both directions as well. Other research tried
to enhance structural system capacity by adding some elements, (Kamble,
2024) [16], studied adding steel plate shear walls and steel plate reinforced
concrete composite shear walls to the structural system to improve the seismic
performance of building structures. The conventional reinforced concrete shear
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wall is not very ductile; it has a limited capacity to dissipate energy and is not
very deformable. Specifically, the base of a typical shear wall is particularly
vulnerable to earthquake damage and is highly challenging to restore. In high-
rise buildings, these structural methods seem to be able to withstand lateral
stresses brought on by earthquakes, blasts, and wind loads. Considering steel
braces (Hadad et. al, 2014) [12], analyzed the cyclic behavior of braced
concrete frames by executing an experimental investigation and numerical
simulation. They made a comparison among four types of one bay RC frames:
a bare frame, concrete braced frame, steel braced frame and solid bricks infilled
frame. The comparisons cover the energy dissipation aspect. Experiments give
the force value when the cracks start to appear and mode of failure. The energy
dissipation for the braced and infilled frames is higher in comparison with the
bare frame, where the increased values between 20% and 18%. Adding braces
increases the lateral strength of the bare frame. The increases of lateral strength
of concrete and steel bracing were 200%, 142%, respectively. However, (Bai
and J, 2016) [8], have developed the Performance-Based Plastic Design
(PBPD) method for the Buckling resistant braced frame system RC-BRBF.
Base shear was calculated depending on energy equilibrium equation that
considers energy dissipation capacity according to Large Takeda. The analyzed
models were 5-10 story RC systems with Chevron bracing. The results showed
that both buildings have achieved the desired level of performance in terms of
Yield Mechanism, Capacity Curves, Cumulative Ductility Demands and
Maximum Ductility. Considering Mega bracing system, (Abdulhameed et. al,
2023) [1], designed a multi-story steel building using ETABS software -of 52
m height- under vertical loads only. The model was enhanced with five
different inner mega brace frames to carry a seismic load of EI-Centro 1940 in
SAP 2000 software in terms of nonlinear time history. As a result, Mega X-
bracing with a diamond pattern gave the minimum roof displacement with a
reduction ratio of 48%. This pattern also achieves the minimum story drift of
all patterns.

The current research tries to find out a structural solution to create a column-
free space. Concentric mega braces are applied to a paneled beams structure
that has columns on the perimeter of the building. The plain frame model is
designed to sustain merely vertical loads. Bracing system is added to carry
lateral loads. The braces are added to the perimeter with different
configurations. The goal is to find a structural system that makes mid-height
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buildings give the best seismic performance under seismic loading with
architectural flexibility without middle columns.

2. Theoretical Background

The Capacity Spectrum Method (CSM) listed in FEMA -440,[9]
combines a representation of structural capacity curve with a representation of
seismic demand curve to anticipate an expected displacement for a structure
subjected to a specific seismic events in term of response spectrum. Structural
capacity is represented by a capacity spectrum determined from a push-over
analysis and seismic demand is represented by response spectra. Actually,
push-over analysis represents a Shear force-Displacement curve as a result of
nonlinear analysis of a building model's behaviour. The analysis depends on
converting the whole structure into a single degree of freedom structure. This
is executed using the first dynamic mode of the structure. This can be
acceptable as a solution for low to mid rise structures. However, the results
might not be correct for high rise structures which are affected with higher
dynamic modes rather than the first mode only.

The Shear force-Displacement curve can be converted into a capacity curve
through several procedures. Where the shear force is converted into spectral
acceleration, and the displacement is converted into spectral displacement. The
whole process depends on the first dynamic mode shape and the weight of the
structure.

The spectral acceleration can be obtained from Eq. (1), where it is related to
a,and W i.e. the weight of the structure. However, ¢ is calculated through
Eq. (2) which is completely related to the first mode shape of the structure and
the vertical distribution of the weight of the structure.

:V/W 1)

a

S

o

Where:

o (Zwe)ef 2
W) e W)
The spectral displacement is calculated by Eq. (3). Where it is a function of the

displacement, PF; factor and the maximum value of the first mode at the top
of the structure.
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PF1 Factor is calculated from Eq. (4):
- 4
PF Z(WI |l)/g ( )

AT

As a result the secant period of the structure at any point of the capacity curve
can be calculated by Eq. (5):

oafo ®
s,

As mentioned before finding the performance point needs a combination of the
capacity curve and the demand curve which is represented by response
spectrum of the studied seismic event. However, the response spectrum is
given in terms of structure period rather than spectral displacement. This needs
a simple modification on the response spectrum to get the spectral
displacement that coincides with the spectral acceleration of it. This is done by

Eg. (6)
s, = Sa( T_22 ] (6)
A

Damping ratio of the structure at the performance point is calculated directly
from capacity curve, Fig. (1). It is related to the ductility ratio Eq. (4-6) where
ductility means the ability to undergo significant plastic deformation after
yielding without a significant reduction in strength, the initial and second
stiffness of the structure and the factor «, Egs. (7,8,9)

Sa
(d.3;)
Pushover curve %
(dy.ay)
4 Equevalent
Bi-linearlization
K2nd

Kmn(
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Figure.1: Capacity curve characteristics, FEMA- 440, [9]

dp
=_Pr 7
2 a. (7
K. _t:ﬁ K d:(ap_ay) 8)
ini dy 2n m
o= K (©)
K2nd
Bt =P+ K 2(#—1)(1—0!) (10)
ﬂy(1+ a,u—a)

According to ATC-40 since S, =0.05<0.1625 then Hysteretic behaviour is
Type A. then k factor can be taken as K =1, FEMA-440,[ 9].

Eventually the damping ratio is given with Eq. (10). Then the equivalent period
can be calculated by Eqg. (11).

|~ (11)
T =10\ W o)

In order to find the performance point the procedure needs to calculate ductility
ratios that coincides with the T(sec) values of the capacity curve and damping
ratios as a result. This can offer a series of response spectra with different
modification factors, Eq. (12). This method was explained by (Guyaderand
Iwan, 2004) [11].

12
LS e ®

Pseudo-Spectral Acceleration
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Figure.2: Determining performance point- Real events response spectra, [11]

Then a curve consists of the points of the Tsec lines that intersects with the
response spectra would intersect with the capacity curve that represents the
behaviour of the structure, Fig. (2). Considering the number and stage of the
formed plastic hinges at the performance point. The stability of the structure
can be determined, Fig. (3).

Force

A

Displacement

Figure. 3: Plastic Hinge curve, FEMA- 440, [9]

AB stage represents the linear state of the hinge. Where point B represents
effective yield. However, BC stage means that the hinge gets into a non-linear
stage by its ductile range. This non-linear stage is divided into three different
levels: Immediate occupancy (10): Light damage with no permanent strains,
where the structure can retain original strength and stiffness. Life Safety (LS):
Moderate damage with some noticeable strains which means cracks. The hinge
might be beyond economical repair. Collapse Prevention (CP): High damage
with large strains and cracks. The hinge is near collapse. CD stage gives a
sudden reduction in load resistance followed by a reduced resistance from D
to E.

3. Analyzed models

A five-story model 20x20m with a story height 5.5m, designed to carry
vertical loads only. For architectural purposes no middle columns are allowed.
Two slab systems were adopted, Fig. (4): the first one is a grid paneled beam
slab with dimensions of 900 x 250 mm, and the second one is a skew paneled
beam slab with dimensions of 600 x 250mm. Since the skew beams slab is
interconnected and have less deflection, a reduced thickness of the beams is
presumed, so the total weight of the two models is very close.

63



abing Aa& aal) g Adlaial) of jaad) cllably il 4 Uy Aliay) AaBaidl adSl) Sstiad) (3150 Jalasl)
dad 4y 38 0 oy 8

a. 3D — Plain Frame System- b. 3D — Plain Frame System-
Grid paneled beam slab Skew paneled beam slab
Figure. 4. Analysed models — Plain Frame

Six different types of Stiffening systems are added to the two models to
sustain lateral loads i. e. mega X steel bracing, overlapping X steel bracing,
mega K steel bracing, hexagon shape steel bracing, RC shear walls, and diagrid
reinforced concrete bracings without columns. All these systems are added to
the perimeter of the two models only to sustain free space to fulfil architectural
functionality. All the models were built in ETABS 20.1.0, and nonlinear static
pushover analysis was applied to all of them, where P-delta effect was checked
for all models.

Live load equals 3 kN/m?, flooring load equals 2 kN/m?. Steel bracings have a
section of HS: 100 x 200 x 10 and steel grade of S355. RC Longitudinal
reinforcement fy,=400MPa, Shear reinforcement fy=280MPa. A higher
characteristic compressive strength was adopted for stiffening shear walls and
diagrid bracings with f':=28MPa, where the rest elements have a value of
fc=25MPa for characteristic compressive strength. Expected yield strength
which is considered in backbone curve: (fye) is taken 1.25 times the nominal
yield strength (fy) for braces and reinforcement. Expected compressive
concrete strength (f’ce) equals 1.3 times the lower-bound compressive strength
(fc=25MPa) as per ASCE 41-14, [6].

Concrete bracings have a section of 300x600 mm with 12T 20,#10/15cm

reinforcement. Fig. (5) Depicts the six different configurations of the stiffening
systems added to plain frame models to sustain seismic loads. Four of them are
steel mega bracings. Diagrid and shear wall systems are made of reinforced
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concrete. All of them are added to the perimeter of the structure. The braces
are added to the four sides of the models symmetrically.

Ls

a. Plain Frame b. Mega X
system bracing

d. Mega K

c. Overlapping X bracings

b

e. Hexagon g. RC DiaGrid h. shear wall
: . Shear wall . o
shape bracing bracing distribution

—h

k. 3D shape- RC DiaGrid bracing
Figure. 5: Bracing and stiffening systems
Plastic hinges backbone curves were defined automatically in ETABS as per
ASCE 41-13, [5]. Beams hinges defined as table 10-7: concrete beams-flexure.
M3z degree of freedom at the beginning and end of beams. Column hinges as
table 10-8: concrete columns. P-M-Mz3 degree of freedom at the beginning and
end of columns. Steel braces hinges as table 9-7. Axial (P) at the beginning and
end of beams. Shear wall hinges: auto fiber (P-Ms).
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Nurdagi event was applied to the models as a demand curve. It took place on
6 February 2023 in Turkey near Gaziantep with 21.27km distance of epicentre.
PGA was 1.35m/sec?. With (Sc) soil type, shear wave velocity was 599 m/s.
The response spectrum is scaled to a target spectrum in zone 2B as per UBC97
code, [15] by a scale factor SF= 0.581. Scaling was done according to
amplitude scaling method as per ASCE7-16, [4]- section 16.2.3. Where
Average spectral ratio scaling procedure was adopted within a period range
0.2T1 to 1.5T1, ASCE7-16, [4]- section 21.2, where T; is the fundamental
period of the structure. Since the models have different period values, the
minimum and maximum fundamental periods of models were adopted.
Directionality SRSS of the pairs EW, NS was adopted. Then the response
spectrum is converted to spectral coordinates Sq-Sa, EQ(6)- Fig. (6,7).

08 Scaled Nurdagi Event 6-February 2023
8 T T T T T

0.7

0.6

0.5

Period (Sec)

Figure.6 Nurdagi event's Response Spectrum

Scaled Nurdagi Event - in terms of Spectral Displacement
T T T

1
80 100 120

0 20 40

Sd ?r?\m)
Figure.7 Nurdagi event's Spectral coordinates, (Eg. 6)
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4. Analysis results

After defining the plastic hinges and applying nonlinear analysis to the
14 models. The shear force- displacement curves were obtained, Fig. (8) From
which the most ductile model is the plain frame system sustains the maximum
displacement. However, the plain frame models have the lowest value of base
shear. Fig. (8) Also shows that all models fulfil the condition
Hsrongtn < Mrex  + ASCET —16,[4]. Except for grid slab model-DiaGrid. In

general, all skew slab models gave better results than grid slab model. Which
is probably due to the additional stiffness gained by beams interconnections.

Base Shear- Displacement Curves- Grid Slab

18000 T T T

16000 — —Plain Frame =
——Mega X

14000~ ——Overlapping X| |

S 12000 —MegaK -

= ——Hexagon

g 10000 — —Shear Wall 7

5 ——DiaGrid

% 2000 o/ iaGri i

(%]

& 6000 .
4000 H // .
2000 —

0 | 1 1 |
0 50 100 150 200 250

Displacement (mm)

a. The shear force- displacement curves Grid Slab

A x10% Base Shear- Displacement Curves- Skew Slab
T T T T
Plain Frame
——MegaX
——Overlapping X
1.5 ——Mega K 7
—_ ——Hexagon
z Shear Wall
5 —DiaGrid
i}
5 ' ]
2 o
m
0.5~ //. |
0 I I I 1 I
0 50 100 150 200 250 300

Displacement (mm)
b. The shear force- displacement curves Skew Slab
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Figure.8 The shear force- displacement curves of 14 models

After converting the curves into capacity curves by converting displacement
into spectral displacement. A set of curves are obtained as per FEMA-440, [9],

Fig. (9).
FEMA 440 Curves - Grid Slab
0.8 T T T T T T

07 Plain Frame ,
Mega X
06 ——Overlapping X | |
Mega K
05+ Hexagon -
=) Shear Wall
S04 DiaGrid 7

0 20 40 60 80 100 120 140 160 180 200
Sd (mm)

a. The Capacity curves Grid Slab

08 FEMA-440 Capacity Curves- Skew Slab
- T T T T
0.7 —Plain Frame _
——Mega X
0.6 ——Overlapping X |
——Mega K
- 0.5 ——Hexagon n
g 04 ——Shear Wall
’ ——DiaGrid i
0.3 -
0.2 -
0.1 3

|
0 50 100 150 200 250
Sd (mm)

b. The Capacity curves Skew Slab, (Eqg. 1,3)
Figure.9 The Capacity curves of 14 model

By intersecting demand curve with capacity curve, the performance
point could be identified i.e. Nurdagi event's Response spectra —scaled to zone
2B as per UBC97 with the FEMA-440 capacity curve, Fig. (10). performance
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points are obtained for all 14 models. The adopted procedure was to calculate
values of ductility  that coincides with Tsec values of the capacity curve of
the model, Eq. (11). And calculating modification factors, Eq. (12) and
obtaining a set of modified demand curves. Each of them will intersect with
the period lines by a point. The series of points will make a curve that intersects
with the capacity curve of the model identifying the performance point.

Table. 1 Ductility value and modification factor according to Tsec Of
Overlapping X braced frame model’s capacity curve

Tsec MF, (Eq. 12) u  (Eq.1)
0.64 1.56 0.66
0.69 1.36 0.84
0.70 1.29 0.92
0.72 1.24 1.00
0.75 1.15 1.19
0.82 0.96 1.88
0.89 0.82 341

Performnce Point of Overlapping X Braced Frame
T T

1.2

0.8

al
o
o

Tsec lines

Overlapping X
Modification F=0.8

Modification F =0.9 K

Modification F =1

Modification F =1.1
Modification F =1.3
Modification F =1.4

Modification F =1.5  H

m=0.66 - m= 2 m=100 6747
o o= - - -~ .--0815
= =1 m= -~ 'm=1.88
04 S<_—jl-- M2 T - 0885 :
ey F:m=34o -
0.2k = == -
Performance
pain —
0 1 | | s— —
0 40 60 80 100 120
Sd (mm)

Figure. 10 Finding performance point of overlapping X Supporting system

The performance points parameters of the 14 models are tabulated in table. (2).
Although all the models have approximately similar weight values the dynamic
properties of them are different. i. e. fundamental period. It has a range from
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0.306 sec to 1.418 sec. From which it can be said that the difference in
configurations makes a big change in dynamic properties.

Table.2 Performance point parameters, Fig. (9)

Grid Slab
© X =) N4 s . A
bed = =
S5 | 5 |g2 | B g 2% | ¢
System o S 3 = L Z a
Sd (mm)
(Eq.3) 56 55 54 58 58 57 13
Sa(/g) (Eq.1) | 0.12 0.22 0.3 0.135 |0.2 0.14 0.57
Terr(EQ.12) | 1.72 1.04 0.81 1.20 1.23 1.25 0.35
To(ETABS) | 1.35 0.94 0.72 0.97 1.15 1.22 0.32
W (kN) 30721. | 30826. | 30955 |30826. |30803. |30857. | 31561.
1 4 5 1 4 9
Tsec 1.50 1.05 0.82 1.35 1.17 1.30 0.42
(ETABS)
MF (Eq.12) | 1.31 0.98 0.97 0.79 1.10 0.93 0.70
« (Eq.9) 0.81 0.57 0.51 0.26 0.67 0.43 0.32
u (EQ.7) 1.70 3.18 2.90 3.21 2.46 3.32 2.61
« (Fig.2) 1.00 0.80 0.80 0.78 0.82 0.78 0.81
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s% (Eq.10) | 008 [012 [043 [021 010 ]015 0.9
Skew Slab
o c
a T = o= = T » = a
(Séq,g) (MM) | 5488 | 57 50 55 58 59 30.5
S.(/g) (Eq.1) | 0.0982 |0.215 |0.3 012 |018 |014 |07
Tar(Eq.12) | 189 |097 |080 |112 |111 |112 |035
To(ETABS) | 142 |087 |067 |089 |1.04 |080 |031
W (kN) 28273. | 28378. | 28507. | 28378. | 28355. | 30748. | 29008,
4 8 6 8 4 4 6
Teee 143 |099 |085 |130 |110 |110 |032
(ETABS)
MF(Eq.12) | 1.75 |095 |089 |074 |102 |1.03 |123
~ (Eq9) | 065 |049 |045 |022 |057 |046 |053
. (Eq7)  |233 |304 [331 336 |249 |265 |2.27
« (Fig2) |083 |078 |078 |078 |082 |08l |0.88
s (Eq10) | 011 |014 |014 |023 |012 |015 |0.14

By returning to the base shear- displacement curves, displacement values at the
performance point can be obtained. Table. (3). Shows the step of the
performance point.

Table.3 Performance Point's displacements in (mm) and base shear in (kKN).

Performance Point's displacements and base shear
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Q c
Slab Type - < if < p S 5 §
558 |89 8 |5 |23 =
oLl = O£l = T »n 2| 0
Grid | Step |10 |10 |10 |1L |9 |3 |5
Slab  "Displ. [ 643 [63.2 |64.3 | 66.6 |66.6 |655 | 13.76
VKN | 2693 | 5034 | 7852 | 3190 | 4300 | 2868 | 1229
Step |10 |10 |13 |13 |8 |4 |5
Skew :
Sah | Displ. | 630 [655 574 |632 |66.6 |67.8 |13.96
VKN | 2320 | 5400 | 7683 | 2778 | 4580 | 3044 | 1328

Plastic hinge analysis at the final step is shown in table. (4) where the
number of plastic hinges is shown, the stage and the correlated element are
tabulated. The best behavior goes to the Overlapping X stiffening system for a
skew paneled beam slab where it has at the performance point: 12 plastic
hinges- stage 10 in braces and 2 plastic hinges-CP stage in columns. While the
plain Frame model has 14 plastic hinges- stage 10 in columns and 2 plastic
hinges-CP stage in columns as well, Fig. (11). It is obvious that there are no
plastic hinges in the paneled beams slab. Which means that the model
succeeded in making an architectural free space that resists lateral force as

well.
Table.4 Plastic hinge analysis
Final Step's plastic hinges

Plain Overlappin Shear DiaGri
o)
<_U§ : Erame Mega X g X Mega K Hexagon wall q
2 1 40 0 16 10Br | 16 IO Br 1210Br | 610Br 14 10 Br 14 CP
& ¢ Beam Br
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16 10
2010 Col | Col 2CPCol |1410Col | 1210 Col | 610 Col
4 CP Col
12 10
4CPCol | poom 2CPCol |2CPCol |2cCPcCol
8 CP
3410 Col [1210Br |1410Br |1210Br |610Br |1010Br |
18 10
2 CP col | Col 2CPCol |1410Col | 1210 Col | 610 Col
o 2 CP Col
<
= 2 10
% Beam 2CPCol |2CPCol |1CPCol

Br: braces, Col: Column

a. Plastic hinges-plain frame at the
Performance point

Figure. 11: Plastic hinges at performance point’s step for plain frame and

b. plastic hinges- overlapping X at

Performance

overlapping X bracing
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Table. (5) shows the response modification factor of R for all 14 models.
Which varies depending on the nonlinear behavior of the structural system.

- VE‘ —VU
Where R=R, xR, ;R, = % and R, ="', , ASCET-16, [4]

Ve: Elastic strength
V.. actual strength
V4: design strength
Table.5 Response modification factor

Q. c

X < ¥ o) i

o ol .S GE) > ERe S g s o

= ‘W © QL P L I .

5 ala £ 88 |3 T & £|8
R 55 8.4 7.15 4706 |4.118 5.6 3.625

o3 |E_|¥ |§ 2

= ol €5 T X S ; s —| O

L e D D L T[T .S

S o & |3 38 | = T & |0
R 5.25 7.826 7.5 5.25 5 6 5.077

5. Conclusion

Inspecting all parameters, the skew paneled beam slab gave better
performance than the grid slab. Where the slab acts as horizontal diaphragm
that transfers lateral loads to the seismic resisting system. The bi- directional
interaction significantly alters the force distribution and stiffness of the seismic
resisting system. Firstly, considering lateral stiffness mega brace systems
increased the lateral stiffness with a noticeable ratio. The diagrid RC system
and the overlapping X braces frame system has the maximum amplification
ratio with a value of 573% and 331% respectively. Which was proved by
(Hadad, 2014) [10] and (Abdulhameed et. al, 2023) [1]. Hence, the two
systems sustain the least values of top displacement with a reduction of 22%
and 91% respectively. Secondly, considering plastic hinge analysis it is
obvious the overlapping X braced frame system gave the optimum
performance, since the hinges were mostly in braces (14-16 hinges) while only
two columns were damaged. Which is very good since most of the columns are
safe and the rehabilitation can be done easily. The plain frame system would
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have 24 column hinges and 40 beam hinges at the final step for grid slab. While
it would have 36 column hinges and no beam hinge at the final step for skew
slab. The shear wall frame system gave 14 hinges in beams and 8 hinges in
columns for grid slab, and it gave 10 hinges in beams and 7 hinges in columns
for skew slab at final step. Furthermore, in terms of response modification
factor the Mega X bracing frame system and the overlapping X bracing frame
system have the highest values between 7.15-8.4 for grid slab and skew slab as
well. Finally, the shear wall frame and diagrid systems have more like elastic
behaviour since they have less ductility than the other systems, as it was proved
by (Kamble, 2024) [16]. However, at the performance point for grid slab the
most ductile systems are the overlapping X and mega X braced frame systems
with 3.3% and 3.36% ductility ratios. For skew slab the most ductile systems
are the mega X, overlapping X and mega K braced frame systems with 3.18%,
2.9% and 3.21% ductility ratios.

As an extend to this topic an eccentric bracing system can be considered since
they can dissipate energy through ductility more effectively than concentric
braces. Concentric mega bracing with ductile shear links can be analyzed using
NSP (Nonlinear Static Procedure) to find out the best solution. Soil type effect
can be considered to find out the best configuration for each soil type.
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+* Assistant Professor at environment and sanitary of faculty of civil engineering — Damascus
university

Abstract
The idea of the research is summarized in studying the feasibility of using

one of the solid waste materials, rubber tire waste, as a filler material in plant
basins within constructed wetlands, and considering it as a new medium and
a biological conduit for flow within these beds alongside conventional gravel
materials, and comparing it with the alternative filler material either fully or
partially, that is, by combining gravel with rubber pieces, and evaluating the
efficiency of the alternative filler material in improving treatment efficiency
and pollutant removal, thus disposing of this waste in an environmentally
safe manner. All of this will positively reflect on reducing treatment costs, as
well as on the environmental aspect and the quality of the water resulting
from the treatment.

The systems were evaluated based on the efficiency of removing total
suspended solids (TSS), biochemical oxygen demand (BODs), chemical
oxygen demand (COD), ammonium (NH4"), nitrate (NOz’), and phosphate
(PO4™), in addition to the percentage reduction of porosity as an indicator of
clogging development.

The results showed that mixed systems achieved better performance
compared to single media. The highest removal efficiency reached
approximately 80% for BOD, 74% for COD, 63% for NH4, 46% for NOS3,
and 66% for PO4, while porosity loss decreased from 39.7% in the gravel
medium to about 24.49% in the mixed media .
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The results confirmed that increasing the proportion of rubber improved
porosity and reduced clogging development, while very high proportions of
rubber led to a slight decrease in the removal efficiency of suspended solids
due to decreased physical filtration capacity .

Therefore, mixing gravel material with rubber tire chips achieves a balance
between hydraulic conductivity, oxygen transfer, filtration efficiency, and
biological activity. The study also supports the feasibility of using recycled
rubber tire chips as a low-cost sustainable filter medium to enhance the long-
term performance of constructed wetlands.

Keywords: Constructed wetland, biological treatment basin, media, waste
rubber tires, Recycling.

80



@JM\J@M\@S@J\@M\M uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

dadial) .1
o OSa Bndad) sball (b Ll o) oy adle ASEe sl Cipeall slie Aallas i
o Al sl Gopall 46 culS Lo Wle L 4alay) dhul) Sl (e aaall ) 0%
Gsals) RS Dlall el saadl Gl ala G Gualll gl 8 daal
olae Aadlaal Lelivee Ui s Lalaitly Ui Sla Lpaiall dda)ll b1 s (2012 s3T5
Araljo et al.) deyuall skl Ally) 3 Alled L spreall Gladadll & aal) Cajall
il ) 2 lias Y ¢ Jandl) ddas o LaY) Ao s 45 .(2008 «Chen et al. <2008
Cun Lll Apna L35S ABLRYL caaly (adid J8 (e Ly eillhe (Sars (e 5l Jlae

.(S. Vidal ; G. Hormazabal, 2018) g sty e bl of leie iy ¥

Glide 3 Lilugll e ST G peg o bl ml¥) (8 Al sal) g of oSa
=Y b als U e Lol Lilugl) & ooadl e clead) Lalill (e by
Géaill 4 (Collac,0 and Roston, 2006) =3 (2013 «Zidan et al.) Zmiall 4uh)l
Ll Aeg)3all Capall olie dallaal Aoyl al S daps S Aadaiall chldaY) aladia) b
sl sk aladiul 8 Gl (Cordesius and Hedstrom, 2009) a6 .45l 3,
Aol b1 cndl LA Jilug) 3 asfill e Capall ol dallas b claudllls
xe) Al avall Cijeall sl dalleal sam Al Ll d8jaall YY) adady Lajsx aladll

(2014 (g2l

o) et s JuSl Adallaall Y] bl ake o S5 ) 13 b s
Lo Y . lilally aeall Caeall ol gl Aallan (6 Lealaind (gsan Al g cminall duda)ll

oo s e S &8 LS ks Ty e 98 g3 sy Al sl clls o

81



Lnial) Agd 1) o) ) (B Aallaal) BoldS @b )1 oy 55 Slaa Adaa Ailla 3 ga alaiicd

A2 Lla s gl il alh Gum o (Lpaigal)) Ll cils aaly sl Laa clilal)

D8 Llles Dlaie JJaad W3S e Slmd aall Cajpall il

rGagl) dia .2

fol L Lt CalaaY) il

L) dse saa) cre dpniall eyl oal¥) (abal 8 Glganll Ay Al sale sl =
Lsanl) LA salal) 4GS pae%y den (e Al e 3yLial) Layil (e coniasll 4l al)
Al e (e il pa anall Copaall ligle A1) L Lgiaaluses alsal) panm il
LAl dga e Al Balad) ool

e daniy Agiall Ada )l Y1 3 A 3aleS dlalladl) cullaY) culilis alad oladind =
Ayseanl) L oLl egi o A3)lae shals . oanal) Capall ol dalles 4lled e Loyl
Megin gadll L Al pe cAgdallaalls

s al) clafl) .3

tomld Gysae ) cluhall el o

Lallaall cllaaa (algal & Aille 5alas Aallaal) c)lay) cllds aladiad :Jg¥) jsaal) 1.3

(Aiall Adayl) oY) il

ale ey sasiall clYsl) & ( Scott D. Wallace«Robert H. Kadlec) 4. -

«((KADLECWALLACE 2009 Treatment Wetlands 2nd Edition) ¢lsixs <2009

ozl i didayl) bV e ol Capeall dalail Jai 48150 <)kl £ gainge s

82



@JM\J@M\@S@J\@M\M uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

aaal) o 3 Al s adfy L sl Adayl) ol V1 skt e a3l (e ie AT DA i
uts.xk A MJJ ?j du\d.\.mulc 6&43\ ‘).\.ABA_I\AA\}“G&: JSJA Lﬂsd\ c_a\...u‘)ﬂ\u.a
u.Adj_L\ L.\ﬂj Gy alauay) UALL‘L\A‘)AU\}I MA@..LAM.})LJ‘L\L)I\ ‘)Y\U“"‘AC—‘“_)-‘”

ad) Lyl il e 58

sle oLl 8 (Vassilios A. Tsihrintzis « Alexandros I. Stefanakis) 4.l -
Use of various substrates as filter media to treat the effluent of ) ls=y 2009
A pladiul geaa Al e @Sy Ally (a Vertical Flow Constructed Wetland
e danial) Aok ‘._?_».’abiy\ AR Eaxll ABLL cblal) dadlaal mad i Jaila S Adliag
(ul) Adlide madi Tilay e (g5ind e oapad Glai o Adla Sladine A oLl Pla
slaa 3353 Gt Cilaall asen of gl oyl o(CarSslly Culsnl) (e giias iS5
Ol A et ) S lly ol st ol LAl a1 6 Gyl
ale Luip & ( P.Mollec M.Vanclooster. N.Forquet:A.Morvannou) .\ -
Use of various substrates as filter media to treat the effluent of ) olsi=y 2013
¢ aall Capall dashic Aada Jea (@ Vertical Flow Constructed  Wetland
Cayaa i gy Auhal) Cuasl 28y a5 Jailas o€ Laj 505 alae dgides Cilsie Caadiig

L ALAN @l iy Adal) )\J\ = LA}«: dardiunall zeadi Al 3l gl Syl (ailiadl)
83



Lnial) Agd 1) o) ) (B Aallaal) BoldS @b )1 oy 55 Slaa Adaa Ailla 3 ga alaiicd

einall 52l Jsiums G L aall Copeall ol allas dastaie dadatl Lld Uays olld 1 s
sl Joant A Aygamall sy dpabasal) Lpseall dsall (e Agiamn (e sl Ll
e da Y A g (S5l

Abdel . Mahmoud EL-Gamal. Ali RashedcMohamed Ahmed) 4. -
Wastewater ) )lyixs 2015 4o yae 4 ( Ahmed Abdel Hady EidRazik Zidane
treatment in horizontal subsurface flow constructed wetlands using different
ciad Y1 Ea) DA G anal) Ciyall olie dalles d5)lies jlialy caslé ((Media
Gl adady aanll) Aibide dadles Jilus EOU alaa3uLCWS) ) Loyl sl adand)
O Y Al i) el L game cAgdgial) cdalow Ay 8 (A8haal) Lalaal) s AS5l)
e ) et Aala AIS S ) i) sae Cun lislal) A3y Aallaall 30 WS ) kil
COD BOD e JS alljl b culyganll (35 Adaadle 5 Lo Wl s cyliia peils culae 10l
toass Akl by cllis add 5y cgabusal Com (e il 585 (TSS
Cilygant Aol Jilad) alasind gsaal aul 3liay ST Slasd ol 3y pins daca s Caalil
il o

Bill « Craig Chivers. Mark Harrison:Alfredo Garcia—Pérez) i) -
Recycled ) (lsies 2015 ale 485aY1 saaiall Vsl b xilyadY dxals 3 (Grant

Shredded-Tire Chips Used As Support Material in a Constructed Wetland

84



@JM\J@M\@S@J\@M\M uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

O DA e o sialdll gl ((Treating High—Strength Wastewater from a Bakery
ilee 8 dege ATy bl piaie b Gpiall Bl )l ol 8 il dee ) olsall
chUaY) clles caf Cum L ysossill LS e Gl 8 Lay aal) Copeall sl (ge cliskall Al)5)
o Aeaiianall L) clysmnl) 40 sykan mihod ) Lengha oy of dmy layysas aladll
sl Capall olia o ysussdll AllY) 3 Alle 8o lS mplill (alsal

Al orea Sy chlaY) bl 0585 of oS Al ) Blel) 8 pfald) Jais -
Allal) 50 LSy (5Says Alenll bl (DA (e @l el ldana 8 Gac )y ol sS
s (35 (e 1Sl DY) (e ) Tasiy ocpalaal) 35a5 ) (£65) siusdl) 4113y
Loo 230l g oaaall iyl el 3 35mse shussd gl Jelity of (S Agllaall sy
sS4l ialll al Caoadl Ales s PLaDIALE j e siad LS 4o i
Ak Ay Aaall Aaayll ol 3 L yysa alaall Aadaial) Uy (35060 5)Sal) il
sl Capall sl Aallaad Juadl Aliise Jlal sy uSalls cuunill 20530 b))

« Faramarzian. Oleveri Contic Mahvic GhaneianDerakhshan) .. -
A new recycling technique for ) olsix: <2017 ole o)) 4 ( Ferrante.Dehghani
T s aladin Led o5 cdlaall ylail) e Aluls (e )le a5 ¢(the waste tires reuse
o) bl bl alaaiuly dgsald) 3ae ) 8 5580 oDl ASm duhal

Aie ) Jalss alafind (goas andl 23 Cia LA Aallaall illass e Jags S (2mli o)
85



Lnial) Agd 1) o) ) (B Aallaal) BoldS @b )1 oy 55 Slaa Adaa Ailla 3 ga alaiicd

Jenash w35+ oaall Cageall olie dallaal cillall cufylda) cp dniiaal) L3l Aagall culd 4y5al)
plasiul (gsan A Al oda @il iy . J8 sles 2 s Aallaall 30 S 3045 e J il
dallee lipdai (g desiie de sanal sl Baliall aeal cuhlaY) cilla e Jallaall Jalal)
slea 1TSS COD Al i Juadl ¢lals lle bS] ol Cam auall Capuall olua

Al olpall Juzadl 33 9a g Ji

Po-« Chien-JungLin.  Delia—B.Senoro.Jih-MingChayan) i, -

A novel biofilm carrier for ) olsixs <2019 ale olpls & ( I-MingChencJaiChen
pollutant removal in a constructed wetland based on waste rubber tire
sale 55haaSy il Llaal Thaba g (S5 0l dghalhall ciylly) e 38, ¢(chips
enball cuan @il gom il saan Ll A lallaall LYY 318, @ a5 Lyt
ool Cum L ond aad U QS el oLl e o Lpmad gy illy el ol S
£l bl 5Ll Aally B il Aglallaall (385 Apulil) omal) 52la (y Al
apaal) il U i (G (e 53 g sall Apidaall DY) (any s Cum clgalasin
Aalled) (alal 3 ala JSG

Courtney « Amanda Richter. Richard WeaverBruce Lesikar) il -
A new ) s 2019 ole 8 S0 Y saaidl Ll oS Yy 4 (O’ Neill

«(recycling technique for the waste tires reuse Constructed wetland media

86



@JM\J@M\@S@J\@M\M uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

dacnadl) ddayll V) Akl ggian o Sy Jlad IS Adiall daalal) oluall dallas Joa
ey pdady anlly Jpl) Jia chilugll e dapnall ¢ 1531 e oadad) cuas il
G Uil 2L salall Dlia a4 LS cdamia By geay Jailusll 0065 Camyg eyl
ol 35 Al el (madll) Aadleall lee Pla L5 A lileall a5, 154l
Loladl) el 20 alaa) pginlill 2as LS L (Lasal ey culilall o 1) dbla) ¢ )5y
Sypall alaill of Cun cJaall e allaill 5538 e S S8 Jailgl) Cilapes aas i Caan
(aall Copaal) slie ciligle e o3 ) 488N Aall il agde (it ST mlas 5
g53 DLER) ulea lpnins LS oladl e AT Tan Bpieall adadll (s cad ) ity ()
crdaaal) Aabise cdailugll ana o bl cpebusall) calalally Aallaall Gialgal caia 538
S o3 s e Ayl ¥l e ddilaall Lals cilaglad Jgnas LaS L (ddlead)

) 8 lipSal) aaes Ailaa Byg e o 1538 Cun cma IS Jany
015202013 ale 4SaY) saniall sl 4 (- Michigan.St.  Joseph) cua, -
PHOSPHORUS REDUCTION IN EFFLUENT FROM SUBSURFACE FLOW)
¢ b35e 0y 23 « (CONSTRUCTED WETLANDS FILLED WITH TIRE CHIPS
(ASABE) (uasisalls Cme )3l Grstigall AS55aY) dgmanll ddauls 2021 Jlad) aledl Jola
laglis) as A Ayl b dpaal e lalldl 35 ¢ (Www.asabe.org) adsall e

38 manll o atys adsdl 3 anall Capall sl dalleal (SFCWS) adand) coas 3huilly
87



Lnial) Agd 1) o) ) (B Aallaal) BoldS @b )1 oy 55 Slaa Adaa Ailla 3 ga alaiicd

Liles Uy bl adaial) 885l oS0 eyl (ol (8 e Jans S Lo S il
3B J81 Ll 3yl dbllaall eyl 5l s L Alled s 3l Jailu oS Leilalaain ) e
LY aday ¢ tiaal) Jassgll 3508 e Aol sda <3S ads L mal) Ty (e 4415 il
S pabiasl Taagd a8y . oaall Capaall olia (e giangdll (g5 Al Ao dkallaal
o A ) DLW e aganl) (Y )Y sl Akl ddayll alY) 8 ) shasdl)
O SlSye 0258 aall Cipuall olia (8 2algiall ) sdosil) ae i) A8 jaall 4398 Uy
Gy manll (pa Jomdl Ll sl iUyl 33, ()55 @iy DA Wl jue il

AUl olaall 3 ystonsil) (e LSV i)y imstig) AalKas cdyllal) dpalisal)
=l bl dadled) cllaaa b alil 5alag bl god cfylls @ U jeaall 2.3

g Ady3l) il 7 Ly dallaal) 3pUS o (dadeal) 4k

clbiradl 3805 Saill) olsing (2013 ale) uied dasla (DU sale 5y5€all Ay -
olie Aallae ) s s o(AAIE AallaaS Adadd) il alasinly aall Cajpall ol
lad) Ll Ll Aallaal) dapla Zlell Aalleall cillass e 4ailll sl Gyl
Coyaall olpal Al LA Lalleall Sllane cye Shoay gLl (aridsy oSaill s (LK
A Al s a8 ULl A Aallas ddane o L) e Lald) ciadie) 35 . sl
Dsiensily ol S5 Gadas o AN (A Adaall L (e 1l A il o adiad

el Gete Sl Ao ¢l A A sl 306 8 Wi (mgmitd <liglh < J3)

88



@JM\J@M\@S@J\@M\M uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

dalla slae () Aallaall axy olpall Jsai o (ayitall ey Al AlajeS i) g

A

aSail) oty A allaal sl 3 el 505 oSanl of Lt o e 0US, -
(ean padlial) lall go5 GRSy cadlaall obaall josa% oy ¢ SilgHaell adaid) Jaeailly
L (e 0308 e A5le ilislall A1) (8 Bas @i S5 ol il el Cum ¢l
Dialdl oy ¢ alsa1 DS 5 A 29350 oalias) Jangd 8 i gl) A1) Gy Led V)
saas ladl i ol coa gl LS ol A1) Ao @) pads La 26 Slaid o) 8y i
AdgHh ae iy Layg Lysu Ualy (aa Ll dadladll Gllase e
Renjie « Jan Vymazalc Hans Brix. Peter Kuschk(Shubiao Wu 4. -
Alternative to gravel stones for filter media) lsiz: 2014 ole &jlalall iDong)
hlailall 8 diall Akl V) sl g sange bl o(of Constructed Wetland
Bl Jie Lnial) Ldajll el (sl o i Jasua oS emnll Slaa¥ Jany Ty 5al8 i
e O il sae ) gialdl duagis . oanlly Cuddll 5L e Lol 5l dgpamaal) Cotidl)
lslal) A115Y (o) 50 US (et b ol Alaa gy cma ) Loy rgg a5k o Lol
el Gl a9 3l ) aleal) 8 e o Jlall 3aatl) iy Adayl) el V)

Adels ST oy saal)

89



Lnial) Agd 1) o) ) (B Aallaal) BoldS @b )1 oy 55 Slaa Adaa Ailla 3 ga alaiicd

el Cayuall ol dalleg) Glsing (2015 ale) Sabadl camly) adlall 2 Ao -

Typha latifolia) culslall 308 ¢ i e Clglii ¢ (Audaa dptie il Aol &6 Akl

s >all Cipall ol 4 e Cyperus papyrus) «Juncus effuses

41 Typha latifolia by o LS ¢ AY cls e calias Talial G of gl ekl -

el el Cum Dlialy pat S8 Jagale LLAS 3 il yiingg cdallaall 3 5y0S Allad

Juncus il Lesly o5 ¢ shnsilly dapmall sl A1) e Lgiady Ll G (o sal
t\}fﬁ Anally Lyally el lly eyl A15) 8 (5% s Yy «Cyperus papyrus A effuses

Ol A 528 IS 0 el Sl Al gl Gty ey AN il

(L) Ay ral) ye (sl b lgie el calilally A yaal

Raquel Vania S.Bessa:Cristina S.C.Calheiros) i) -

< ( Paula M.L.Castroc Anténio O.S.S.Rangelc HansBrix«B.R.Mesquita

Constructed wetland with a polyculture of ) olsx 2015 ale Jlssl

L o5 ((ornamental plants for wastewater treatment at a rural tourism facility

i) A Al Ay ddlaie 8 oy Adlis iy 3 A adadd) e il ol o L)

Canna ) a5 5aaate 5ya%e Ay QLS (e de))) s Aot 53S) (e )l Ll 338, s
Agapanthus africanus 4Canna indica Zantedeschia aethiopica flaccida

(% 90 <) ale Ui 4JCOD BOD  4l)j) 3.1 Janusi 23 Watsonia borbonica).

90



@JM\J@M\@S@J\@M\M uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

i NHSY) (792 5a PO ) Jaliy Wl aldail) s LS L Jenill Cagpla e Alifianag
i e Les Al africanus by 358 Gua (7199 ia) 40 Al @l Lyl (784
Al @lls e ddliae g 15l Ao gy ) bl Aalleall clase dadail o ) &5 bl
Sy ldlead) @Iy 8 Ley 3Lal) Ssil) (e el GBS colall Aadles dagdsy ) d3LaY L

s> sl ol gsull

Gregorio « J. Luis Marin—Mufiiz. Luis Sandoval.Sergio Zamora) 4.2 -
ple ukdl & ( and M. Graciela Hernandez-Ordufia<Fernandez-Lambert
Impact of Ornamental Vegetation Type and Di erent Substrate ) )y 2015
Layers on Pollutant Removal in ConstructedWetland Mesocosms Treating
Ll alsls e ol 45580 ¢ hals Wl (Rural Community Wastewater
le et Glaag 8 dey) 3 (Hedychium  corarium 5 Spathiphyllum  wallisii)
cAaaluall Zyeal) jsaall clids e oy A sl delaal) A el siiall Cpe ol
Gllasa 8 oot WS e slie @ll) (e cpe sl S o Ayl oy lal VALl agay (90
Aadlee Lalia) Al o S Allen Uy il AallaS Liillay G (e ecililally dadlaal
oalsal Ll Aaly) 8 o Golaaly cilajmially dgyl) clediaall & anall Copall sl

.@)&\ <Ll Lsﬁ ‘)}A‘)

91



Lnial) Agd 1) o) ) (B Aallaal) BoldS @b )1 oy 55 Slaa Adaa Ailla 3 ga alaiicd

Renato « Serena Donic Eleonora Peruzzi.Cristina Macci) il -
Ornamental plants ) ¢lsie 2015 ole Wilay & ( Grazia Masciandarocannelli
Gl gLl ) 80 WS sy ) <daa (for micropollutant removal in wetland systems
Aasiu) DA G ¢ e liall Giyaall slie (o i SO cligiling @lijlly ulaill Jie 45800)
Zantedeschia ) il cilils pe adaud) caad V@A Gaxill culd Ldayl) a1 ol
sMiscanthus sinensis ;Carex hirta yCanna indica aethiopica
AHAR jualiall cuzmids) L aally 3eslas (mlsal 8 cac )y (Phragmites australis )
C. O JS selal L paliaia¥ly el Llis (e S capay € S5 L&D oaledlls (P 5 N)
s Z.aethiopica <l oIS Laiy Lagiat] 3 (alas s5ina el P. australis  indica

Aganadly dymall LS pall AN) 8 5e i J8Y) ol
e rane) Olsing (2017 ale) Ayl S daala cdmn yae aaaby) L3 Al -
o Ayl oha cupal (sl Aadlae 8 Lgaladindg ylaadl slie 3 Aselil) Laldl clilal
Sliaall Gany il lase gase Cianly iy Jaasdl Jirala 3 Ay Al 4K
) ALa) A ) (mad LEN yaliall (g 2 GUAS sall A laasSlly Al

canadly s Ll e 3l alasinly gjlaal) slie Aallaal dpida colat s

538 o Caadi) Cpa b Al ALl Clicall o8 ¢ ) ) Al it el -

Dlle and Claus Adad jgd olae aflser 49)l8a (gylaall olie pllgn (& S S8y ualial)

92



@JM\J@M\@S@J\@M\M uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

bl Coplaal Ayl Al il cyedal LS gayall @l g (Ao sl el 8
b Aty 4 ey @A) L) e ALEN pualiall a0 Al o el Guae <l
& paain) bl gl 4l ) Jeasil a5 L Aadleall oliall 8 LSl alias) il cadals
calilall A 3eli e il calilal) cllasa

Daniela « Gloria Gémez: Romina Nufez.Ana Maria Leiva) il -
Performance of ornamental ) ;s 2018 sle JLis & ( Gladys VidalLopez
plants in monoculture and polyculture horizontal subsurface flow constructed
e il Ll an€i 8 Auhall o3a (pe carg)l S (wetlands for treating wastewater
caad 88 33 @) (alsal 8 Zantedeschia aethiopica) Cyperus ) dull cilils
Aallall Adall dlsally dyguzmall algall 4030 56U il L aall Ciyuall ol Aallad alaw
Jau 1.8 5710 5790 5760 ¢ra Aol Jaandill Csins DA Gl Sliseaas Cilyially
del)y of gl sty bl e e sl G Adlian) AN I Goyd g5 ¢ s e
e e yal 20l dalia) Aadlaall LS G e Tam Sy il Law il e 55y (mlgaYl
calall laid) (ppns

Maria « José Luis Marin—Mufiiz.Luis Carlos Sandoval-Herazo) .\ -

4 ( and Antonio Janoary Aleman—Chang.Graciela Hernandez y Ordufias
93



Lnial) Agd 1) o) ) (B Aallaal) BoldS @b )1 oy 55 Slaa Adaa Ailla 3 ga alaiicd

Role of wetland plants and use of ornamental 3 ) sz 2018 ale dliulall

.(flowering plants in constructed wetlands for 4 wastewater treatment

Carlos Nakase-. J. Luis Marin-Mufiz.Sergio Zamora) i), -
ple ¢l & (- Luis Sandovale Gregorio Fernandez-Lambert.Rodriguez
Wastewater Treatment by Constructed Wetland Eco-) )5z <2019
Technology: Influence of Mineral and Plastic Materials as Filter Media and

.(Tropical Ornamental Plants

Gregorio« J. Luis Marin-Mufiz. Luis SandovalSergio Zamora) .}, -
2019 sl o) & (M. Graciela Hernandez-Ordufia<Fernandez-Lambert
Impact of Ornamental Vegetation Type and Different Substrate Layers) o)sixs
on Pollutant Removal in Constructed Wetland Mesocosms Treating Rural

.(Community Wastewater

« Alejandro Alvarado-Lassman:Luis Carlos Sandoval-Herazo) il -
Alberto A. Aguilar—¢ Albino Martinez—-SibajacMaria Cristina Lépez—-Méndez
ale &l & ( José Luis Marin-Muiiize Sergio Zamora—Castro.Lasserre

Effects of Ornamental Plant Density and Mineral/Plastic Media ) /s <2020

94



@JM\J@M\@S@J\@M\M uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

on the Removal of Domestic Wastewater Pollutants by Home Wetlands

-(Technology

DU Jal ey gl s G plail 2o i) e A5l 2ap) ciluhall ¢S, -
Gy Dlies HlLa i) cillase 8 5y 3al Al il alaaiad of I Jeagill 2 L ddlia
Sl Bhaliall 8 Lealasinly Al e 1550 n2a alaie) salyy elld gl aggeall iy
Agpmally Ly,

« A.S.Stasinakisc N.M.Fyllas. A.Deligianni.D.Kotsia) i/, -
Converting treatment wetlands ) )sixs <2020 ole gl 4 (M.S.Fountoulakis
«(into “treatment gardens”: Use of ornamental plants for greywater treatment
a2 s (UsS Hedera helix) <Pittosporum tobira ) 4l cilils alaiuly culs
el L dlead) sl (et Ciagy dgabol) sluall dalladd JELEN 3aaill <3 4k
oasal A sy of (S Hedera helix  , Pittosporum tobira <l (e cpe il DS
Cagyl o153V ol JuaaTi L Aiye palyel (gl (50 Aaloll slpally Jans ) Al LD i)
b Ll oSy Al Sl 8 dadd e alaaiudU A0l Leleny L ccliliaglly calinl)
e bagyd il A (aaliail Jan gl . Jhaal) ol o Liail danadal) J3lalls danssall (3alisll
) ALYl L Jaeil) e Al dud) A 715 ) ddaall (e AN L3V DA 7100

e L;J u‘)_.aﬂ ol LéJ 3\.:\.&":\.\‘)1.{:‘5& PAEN) 2.2 J\A.A.A.\ ‘SJSM Ql_}.ljl}sl\ OS5 Uasdn) Eak
95



Lnial) Agd 1) o) ) (B Aallaal) BoldS @b )1 oy 55 Slaa Adaa Ailla 3 ga alaiicd

Dastale IS bl asag aae Al 8 AU 50 lS alassl Jan gl Laiy e jall el
e cAlo )l olaall Aallaal Lnbiaily Ui Llee Sla Laljall oda 6 4 jiiall "dallaal) (3510s"
Apabudly dpuaall 4l 4y paall Shlia) ddles Gaead b i ddla) 30

Gllalidl Siny raas o zigl P e Gl GliSa Gadat ) ALl Gluhall Cgass
Cula ) 2k 5aleS dbalaall calyUaY) bl alastiad sale) &5 Cua ddaally allad) 2)SY)
Lagins L Aally Zaabai@ly 2l 43)lal) el clyseaal

Cadl @by Jsall .4

tAg ) Abaal) arenai 1.4

G an Gada Ldiny Glal aall Capall slie dadladd 4l dasdll prana o5 3
iyl iy ddanall 038 Craala 35 leale dajiall Canl) dad Galail (§ed daslay de )3l
Ghy &5 g oluall dallas o Cum LATV-DVWK= 262 LI 0l 3 5300 avensil
ol il

ca iy apeatl) Ol Jadig il olaad 405Y) Aallaal) 1 1Y) syl

o il @il dalleall EDEN Gl Jadiy Coyeall slial dy gl dallaal) siull) dla jall
L5l

96



L“JM\J@MI@S@\?M\M uaas dadla Uaa

By PR SE (g AL 2026 e 6 s 48 o)
FoE
I |
= 4
D /.,
/'.?//
Ry

Aoy ail) ddasall slsisal) Jadll (1) Jeddl

AU land) (e dgall das) calti

tueilly apanill B ) AdgY) olual) Aiiaa.1.1.4

Bsid odig ¥ a3 «CMSS acldh)) Jaay Jaly avall Copall Ky & Aacad) oda pay
uly rapll haxy LS (MMS azpe; om0 alsh 33 JS) a)lall aame o 45k
Jal (e clldy sl sl 5asmsall anal) 35S AalLl sall Jsds aiad (MMS ailaid e

A Aalleal) sline 8 Cuglill Jaa (agias

O Aol Bale e padisdl) geall sl Adandsy Caniily aandll Gl Y olall i S
.(PE)

1Y) Cueilly amandll (3.2.1.4
LS olaall (3 Basagall Conill (ga paliill 4 5 (PVC Il 5ale (e gsian [1/MP Ghall dews

(1-2) o oba) & Sl () by syl HUaEY) i Ll aluaY) o Gl 2y

97



Lpial) A )l pal Y1 B Aadlaal) 5ol pd ) W g g slae Adace Adlla 3) ga aladiiad

sass G lma Al G BA) gl 8 aaan Al oball e slaall Jad L 3 hour
il S 3530 Ol (o) e ssi) Andsy sleal) (i

@ mel Bk o el gl A ) il el Ol e ALYL oLl o Sy
b e e Aaudly S 253 (PE) galin) (Jsdll (e sl Aanlsns %1 Jaay asmsia
<l aenll

splaad) Ciidad (a9a.3.1.4
sasll dpm)l 4 doll (e dids gy @ 0.4M Garyy (2%1)M slal Jied] (ass
pid (sl Culsay dua)l e Al dadall g S cJiall dids dleal CMS ASLeny
) A iy pane B lemans el Aika (558 Ly il il 5 lhaey Aali s

(omsall 5slae dgin 518

Slaal) Cidas (s 1(2) Je

;LA Aalledd) Galsal ) i) olial) a5 .4.1.4

e ) Sl Galal ge msa JS 3 il e gaias 0.1M7 AN e

oot o) e sl Aaudsry %1 Jaey casme (38 nali Gyl e AL Full

98



%jaamjlyadlﬁwmkﬂejhﬂlLdu uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

ALl B3l oSl il IR myde i alsal) A0S il e A8l 558 s
Mgl y ikl (zalsal )

selilatly dalleal) (alsal.5.1.4

Ty Leie JS b il sabe sty Laam il Tady DN culilully dadlaall Galsal (3) Sl

ea obaall g A5 Jsaa

g s L°2.> \LEZ" ‘
s
o vy fee—) prc— g
g2 |ozx | ozx 23
e taals Bfes ol ul iy 'y
Y FTN el ot
5 218 e 2
S A L) A . A A
@2 b e 52 '

Ll Adlaall Galsal £(3) Jedd
u&u@ﬂ\dﬁm‘gbu;‘géléc\dga

6l/mZmin < Sl 3 &l 5 3lsl) Silspaell Jueaill e o
.2-6hour £ i alieat fpu 4aiail) 358l @
D (e (asall adais Galise casal @
A=Q/24*v

(M?) delil) alaie dalue :A

(mM3/d) aladl oLl 385 :Q

(M/h) Jeladl b 4dalall 38l dey v

99



Lpial) A )l pal Y1 B Aadlaal) 5ol pd ) W g g slae Adace Adlla 3) ga aladiiad

Gass IS 1% Jias ¢ 0.75M Gacs (2% 1) M dalise HLEal &5 el o3 e lalaiel
saley J5Y1) ALl salall Adliie g )l ADl s Casdll il ey’ ) GADEN (alm) e
Gy o (Lpbhlaeigpas daliss Al saley Cllilly Aypas A0l sl Sl cAgdallas 4
55 o saals dels PlA) as JU2m3/h o 6m3/h ddaad) 1) Alalall 5yl sl el
b3 of We el 2 g cpulliie culiead o il a3 058 o(olaally Gl Jaess
Bpdle Gl G 53 el a5l R e Lan 3 5150

t LS b (Lalall) A5L) salall duillys

tgpanll Gl 3 meall -1

aall e Al Dy ¢ Ao I JY) g s o il EDE; dalladl il ddn
s (50em) ASlaws Ll day e 4k 3 ¢(10-25) mMm s 7535 (150m) ASlewy

(10-25) mm = 7555 10CM dSley pmall (o dida [aly (MMO.4) s s

(0.75 m)asall g li)) o<l

Lgpanll il g3 (mgal) :(4) Jead

100



4 jlarall g Aniaall dpcigh) a glad) Alaad e daals Uas

D das 3 M (gald 2026 o= 6 sl 48 alaall

Gy Glls adad (ge diga (e dallaall il s 5o bllad) Gl g gmell -2
(0.75 M) (msall g L)y ¢(2-0.8) cm alely ddaladll

/ N

Lehlaall il g3 Gagal) 1(5) Js
Jalll e Il o lils I Aadlaall il 35 5 clalidd) G 3 pall -3
Oe ik & ((10-25Mm) s 7535 (156M) dSlewy (aall (o dids By ¢ oY)
ol il e Ay (MMO.4) Ss s zpxs (10em) dSlew W o)

(0.75 M) Gasall g e o<l (10-25mMm) s 7yl (ggeanlly

101



Lpial) A )l pal Y1 B Aadlaal) 5ol pd ) W g g slae Adace Adlla 3) ga aladiiad

e

oy

aliaal) Gl gd Gagall :(6) Jsdd

sl Galgal my (hdl Gig.6.1.4
) L alsal e At sbal) Jasat by o 0.02M7 Gasy AU (e Ao gias
Gub e @iy lgian sagasall Cladl <8 e ALY Aadled) sluall  Jlgll apeail) 5L

PVC Jl 55k %) KCJMA &_\:\.1\.1\ BT %2 d.-,\AJ QD gunla d)ﬂ u...\Atl

g adl) Aaaal) A iy 488 :(7) Jedl

sl (algal day iy patl) 4805.7.1.4

102



LﬁJM\J@M\@uAJ@J\?JkJ\M uaas dadla Uaa

D das 3 MEs gaL 2026 o= 6 sl 48 alaall

ASuly g 45080 A 3L 1) IS (e ol aand ) 3 PVC 1 ale Jllud

alad) Gyl

iaaall b ASlsally Al gS cliugatl.8.1.4

e linly el sl Ol ) Rl ASE ISy e (ol olos et (o5 e @
22001/min

e Alaaall Joe (S Ls Amall it et el 32 zsdhe el ol o

e LS oLl Adliall cagylall by Lﬁﬂ‘ Cuadll Al aldiel s raladd) &3.'1 2.4

Ageinal) Bkl b 8 i) gadill )

qual) el 1(8) Jed)

@l Aelyyy 2l o el lgaags bl Zppadl) Aallaall Lasa (9) JSA paasy

103



Lpial) A )l pal Y1 B Aadlaal) 5ol pd ) W g g slae Adace Adlla 3) ga aladiiad
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8okl (Aygand)l AL salad) AL Ssall (e (mbal A Gaa cuadll clils alael S
L Qo) Q) LAY 48U 5l 45jlie 5 (pay Adabiaall A80L) sall) cdlalaall 450
Lol

A il iy Cslil) e s Apalisal) (el

Fasiiiaall ALl Mgall £155Y Lsalusal) ad — (1) Jaad)
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Sl sae 2 S (5L 2026 pls 6 2uall 48 alaal)
0.00% 0.327 0.00% 0.370 0.00% 0277 | 1
1.02% 0.323 0.90% 0.367 1.20% 0.273 | 15
3.06% 0.317 1.80% 0.363 3.61% 0.267 | 30
8.16% 0.300 5.41% 0.350 14.46% 0.237 | 50
12.24% 0.287 8.11% 0.340 20.48% 0.220 | 85
19.39% 0.263 14.41% 0.317 30.12% 0.193 | 113
23.47% 0.250 17.12% 0.307 33.73% 0.183 | 176
24.49% 0.247 19.82% 0.297 39.76% 0.167 | 239
24.49% 0.247 19.82% 0.297 39.76% 0.167 | 275

Aasdioal) A6} gall £163Y TSS ad — (2) Jgaall

Aatid o) Aatlal) 3alal) lallaal) LatLal) 3abal) Iyguant) AatLal) 3alal) TSS in
TSS Aljj) 4w | TSS out | TSS Aljj) &uus | TSS out | TSS iy Lo | TSS out | (aay cusll) ad
20% 136 15% 143 28% 122 169 1
36% 103 32% 110 41% 95 161 15
44% 93 38% 103 47% 88 166 30
47% 81 40% 92 49% 79 153 50
49% 79 44% 87 50% 77 154 85
54% 69 50% 74 55% 67 149 113
62% 59 57% 66 63% 58 155 176
69% 45 65% 50 67% 47 144 239
74% 37 69% 45 74% 37 145 275
Lasiial) L) Agall £153Y BOD; a8 — (3) Jgaadl
Aatidal) A8la) 5aLa) halhal) 48tLa) 5L Tguant) LilLal) 5alal) BOD in
BOD 4f}) iu.i | BOD out | BOD 4ljj) 4 | BOD out | BOD il dwui | BOD out | (am camusll) e
34.7% 133 33.7% 135 34.7% 133 204 1
41.3% 116 41.8% 115 43.3% 112 198 15
43.0% 112 39.4% 119 44.5% 109 196 30
47.2% 103 43.1% 111 45.1% 107 195 50
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59.5% 79 54.4% 89 57.4% 83 195 85
61.6% 74 56.4% 84 59.0% 79 193 113
65.9% 64 63.3% 69 63.3% 69 188 176
71.3% 52 67.4% 59 69.1% 56 181 239
79.5% 36 73.9% 46 77.8% 39 176 275

Lasiioal) Adlal) Agall £ 155y COD ad — (4) Jgaad)
Aaliaal) ALl 5alall Adalaal) ASiLal) 5alal) Iguanl) Adtlal) 3alal) COD in

COD 4f3) 4.ui | COD out | COD 41j3) 4ui | COD out | COD 41fj) 4uwi | COD out | (a cusesill) s

30% 223 27% 232 25% 240 319 1
36% 204 30% 222 31% 218 317 15
43% 173 30% 211 37% 192 303 30
51% 147 42% 172 47% 159 299 50
54% 137 48% 153 50% 148 296 85
57% 125 52% 139 56% 126 289 113
66% 99 58% 122 60% 115 288 176
69% 88 63% 104 67% 93 282 239
74% 74 67% 93 72% 80 281 275

Laxiioual) ALl ssall 159 NH4 2 — (5) Jaal
Aatiacal) Asilal) salall Aalaal) AsiLal) Salall A gaanl) Astlal) salall NH4 in

NH4 43 4 | NH4 out | NH4 43 45 | NH4 out | NH4 &) 4 | NH4 out | (a3 quwill) ad

12% 53 16% 51 14% 52 60 1
22% 48 22% 48 17% 51 62 15
37% 40 34% 42 27% 46 63 30
43% 35 46% 33 44% 34 61 50
50% 30 52% 29 53% 28 60 85
56% 25 52% 27 57% 24 56 113
58% 23 53% 26 56% 24 55 176
62% 21 53% 26 60% 22 55 239
62% 20 57% 23 62% 20 53 275
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Aasiioal) AL Agall £155Y NO3 28 — (6) Jgaad)

Jalidal) Astlal) 5alall Fdallaal) Astlal) 5alall Lugaan) Zalal) 5alall NO3 in
NO3 41} s | NO3 out | NO3 4l 4w | NO3 out | NO3 ilfj dui | NO3 out | (1t cumast) e
17% 48 19% 47 17% 48 58 1
20% 47 20% 47 20% 47 59 15
25% 41 24% 42 25% 41 55 30
24% 41 28% 39 28% 39 54 50
35% 36 40% 33 36% 35 55 85
36% 34 38% 33 34% 35 53 113
33% 34 37% 32 33% 34 51 176
38% 31 38% 31 34% 33 50 239
44% 28 38% 31 38% 31 50 275
Aasiioal) Llal) dgall £ 155 PO4 o — (7) Jsaad)
Aalidal) ALl 5alal) dalaal) Asilal) 5aLal) gl Astlal) 5alal) PO4 in
PO4 43 4w | PO4 out | PO4 43 4ui | PO4 out | PO4 Al dui | PO4 out | (ae cuwiill) !
10% 31 10% 31 7% 32 35 1
22% 27 22% 27 13% 30 34 15
16% 26 23% 24 16% 26 31 30
31% 21 37% 19 18% 25 30 50
42% 18 45% 17 36% 20 31 85
45% 16 48% 15 35% 19 29 113
50% 14 57% 12 35% 18 28 176
51% 13 63% 10 33% 18 27 239
58% 11 66% 9 36% 17 26 275

:giBliag quilith Julas 3.5
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el Akl Al Lslie aleny Lo sag cdusit Gl 3 46058 jalha sae Jayy ey ®
Jgaial) 4kl

48 Llug¥) (e g5l 138 Canas COMSOL miys chgebusall Labus¥) dadar o 5yl
coh Y alas alasiuly

(Ol g bl JU) s ®

caly iy el el ASH JEl (olpal) Vol da gelinll (Ko

Aaaladl it Ay =

Aliise e ¢ a7y 3 GAalusall JUEak malipl) cansy =

Badie Ol gyyline Jula w

KA mimgy Lty dadaill 4l & Jilall ity Dpepanadl) Gllaed) (10) JSEN zasy

2 35all ana L Ay &35 Al g o5l 23 g3 z3padl (12) o(11)
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