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Abstract

This research discusses the impact of spatial location of functions inside
architectural form to enhance visual legibility and how it can improves the
possibilities of identifying them as a land mark .The absence of clear conceptual
frame which can be used to describe this impact forms the basic research problem.
The objective aim of the research is to clarify and to describe this impact .To achieve
this objective aim, analytical process was being used .We supposed that spatial
location of functions enhance visual legibility of forms then improve our possibility of
identifying them as landmark. for applying the conceptual frame , we used semantic
differential scale , then questionnaire that includes sample of 20 persons .As a
case study , we chose modern Islamic cultural centers .Final results explained that
formal and visual treatments have an important role for distinguishing composition
as a land mark also we noticed that the central and peripheral locations of the
basic functions enhanced the legibility of mental image through : Uniqueness,
simplicity of organization , continuity of the boundaries and clarity of spatial and
visual connections .The widespread locations lead to improve legibility through :
differentiation in the direction of movement, clarity of connections and continuity
of boundaries ,while uniqueness and simplicity of organization have less effects .

Keywords: Multi-functionality, Mental image, Identifying, Legibility
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Abstract

Earthquake resistant design is one of the greatest challenges that must be
considered by the Architect because it is a serious natural disaster that affects the
stability and durability of the building, Due to the connection between seismic
behavior of buildings with its formal configuration and the differences in seismic
resistance between regular and irregular buildings, the research problem presented
as the confusion of seismic behavior of irregular buildings, and their difference from
the regular buildings when earthquakes occurs, so the aim of the research is to clarify
the deferences between regular and irregular configuration ,also clarifying the design
considerations in earthquake resistant design for regular and irregular buildings, by
constructing a cognitive framework that clarifies the concept of configuration , and
the differences between regular and irregular configuration, and design considerations
that must be conformed in designing earthquake resistant buildings to determine
the main and secondary vocabulary of the theoretical framework, by using inductive
methodology (descriptive, and analytical) through election, analyzing of two different
case studies, major result shows that the formal configuration is considered as one of
the most important factors that determines the seismic behavior of buildings , and due
to its connection to the structural system ; earthquake resistant design requires a set of
interacted decisions between architectural and structural engineers so as to achieve the
best configuration of the building in resisting earthquakes, also the regular configuration
of buildings provides the possibility to predict the seismic behavior of the building , as
for irregular configuration of buildings whose seismic behavior is unexpected, which
requires special construction solutions that are mostly cost effective.

Keywords: Earthquake resistance, Regular configuration,

Irregular configuration, Design considerations
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Abstract:

The network of transport within the residential areas, especially within the
residential neighborhood, and the transport network within these areas are the
roads (i.e mixed movement, the case were design to provide relative safety for road
users and to choose the solutions that provide great safety.

With the believe that the network of the pedestrian movement should be
separated from the that of car movement). of the road and the pedestrian roads
and the types of vehicles applied in this field. The cases were designed to provide
relative safety for road owners and to choose the solutions that provide the greatest
safety.

In the context of this research, we recall the solutions that were developed in
the planning of roads and walkways in the traditional housing schemes in the urban
fabric of our old cities. The approaches and conclusions of the modern models of
pedestrian roads in the modern planning of the Arab or European countries were
tried as far as possible We hope that the research will raise the contribution of
our colleagues to their observations, which increases the research enrichment and
contribution, and also notes the importance of development in this area, which
ensures the safety of users of these methods by children and the elderly alike,
in addition to belief in the humble opinion of the researcher that it is possible
to complete the Wooded and shaded areas more than the neighboring land or
residential areas, which reduces the reflection of the sun on the buildings and thus
increase the areas shaded and reduces the hot temperature.

Keywords: Pedestrian Paths, Residential Areas, Sidewalks.
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Abstract:

The general cognitive expositions had focused on the study of the general
knowledge frameworks of the field of arc hitecture, with both concepts that
influencing and influenced by them, which used to contain them without referring
to their intellectual origins in order to understand their general effect and their
role in the cognitive enrichment to the architectural field. This, in return, showed
the importance of direction to study the role, influence and effect of trilogy (Law,
theory and hypothesis) in the field of architecture, according to their general
reality knowledge and their specific theoretical and intellectual characteristics.
This research deals with the definition of the general foundations of the cognitive
vision of the architectural field and its impact and influencing by the three aspects
(law, theory and hypotheses) by determining the general knowledge proposition for
them, and thus forming a common theoretical framework between them and the
field of architecture in order to discuss and apply the common points and indicators,
as well as analyzing the results of this aspect, then the transition to the appointment
of a similar architectural cognitive model (Triple Vitruvius) to conduct the similarity
between them, put the default cognitive model and explore and clarify the patterns
of verification of the limiting theoretical indicators for those associations, as well as
the submission of final conclusions and recommendations.

Keywords: Architecture, Law, Theory, Hypothesis, Triple vitruvius.
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Figure (A.3-18): pH and temperature values with Cl removal efficiency.
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Figure (A.3-16): pH and temperature values with TDS removal efficiency.
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Figure (A.3-17): SO4, TDS and Cl concentrations with Cl removal efficiency.
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Figure (A.3-14): pH and temperature values with SO4 removal efficiency
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Figure (A.3-15): SO4, TDS and Cl concentrations with TDS removal efficiency.
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Figure (A.3-13): SO4, TDS and Cl concentrations with SO4 removal efficiency..
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Figure (A.2-12): pH and temperature values with Cl removal efficiency
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Figure (A.2-10): pH and temperature values with TDS removal efficiency
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Figure (A.2-11): SO4, TDS and Cl concentrations with Cl removal efficiency.
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Figure (A.2-8): pH and temperature values with SO4 removal efficiency
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Figure (A.2-9): SO4, TDS and Cl concentrations with TDS removal efficiency.
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Figure (A.2-7): SO4, TDS and Cl concentrations with SO4 removal efficiency..
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Figure (A.1-6): pH and temperature values with Cl removal efficiency
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Figure (A.1-4): pH and temperature values with TDS removal efficiency.
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Figure (A.1-5): SO4, TDS and Cl concentrations with Cl removal efficiency.
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Figure (A.1-2): pH and temperature values with SO4 removal efficiency.
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Figure (A.1-3): SO4, TDS and Cl concentrations with TDS removal efficiency
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Figure (A.1-1): SO4, TDS and Cl concentrations with SO4 removal efficiency.
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5. Whilein pretreatment by chemical precipitation with RO system of
one and two membranes for reuse purpose to reduce maximum
and peak concentrations to (250 mg/L), it was found that in one
membrane (sulphate, chloride and TDS) achieved removal
efficiencies of (98.8%, 91.1%, 96.1%) and (97.9%, 92% and 96%)
respectively, and in two membrane achieved of (98.8%, 93%,
96.4%) and (98.8%, 95%, 96.4%) respectively.

6. The major advantage of direct use of RO system was the production
of high-quality water, while a major disadvantage is expensive in
treatment cost of about (0.4 SUS/m3), and production of brine

that requires disposal with incurs additional costs.
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Conclusions

1.

The inspection of refinery water quality used in various processes
that showed in table (1) before indicated that the main highly
concentration of sulphate in wastewater that reach about (2900
mg/L) was coming from blowdown water of energy units, because
of using sulfuric acid for resin regeneration in ion exchange process.
The analysis of WWTP effluent water quality historical data
indicated that the annual rate, maximum and peak sulphate
concentrations are found to be (360 mg/L, 425 mg/L and 550
mg/L), and pH ranged from (7.0 to 7.6).

When was used with pretreatment by (P.P.5 micron, GAC and P.P.1
micron filter) and one RO membrane, it was sufficient in removing
each of SO4, TDS, and chloride concentrations in the range between
(95.97% to 98.35%), (95.06% to 97.60%) and (98.38 to 98.93%)
respectively. This was indicated that RO system can be considered
as efficient process in removing chloride and sulphate from water
and so reducing TDS concentrations.

When was used with pretreatment by (P.P.5 micron, GAC and P.P.1
micron filter) and two RO membrane, the (SO4, TDS and Cl) removal
efficiencies were (99.18%, 99.30% and 99.38%) respectively. This
indicated that the second RO membrane increased removal
efficiencies ranged from (0.26% to 2.09%), (1.27% to 3.26%) and
(0.40 to 0.71%) for SO4, TDS and Cl respectively. Thus, it can be
concluded that there was no need to use more than one RO

membrane to ruse of refinery treated water.

E58



Reverse Osmosis Method for Sulphate Removal from Treated Wastewater of Al-Doura Refinery '

Table (3): Test results of peak sulphate concentrations

by using pretreatment with RO system

After
Parameters Unit Initial Value RO
(BacCl2)
BaCl2 g/L 0.0 1.8
tmix min 0.0 15 1 membrane 2 membrane
N rpm 0.0 120
pH 7.3 7.3 6.3 6.4
Tc °C 25.2 26.7 29 29.1
TDS mg/L 2936 2744 110 100
S04 (peak) mg/L 550 240 5 3
cl mg/L 140 988 80 48

From table (2) it was found that by using one RO membrane (98.8%,
91.1% and 96.1%) removal efficiencies have been achieved for each sulphate,
chloride and TDS respectively, and (98.8%, 93% and 96.4%) by using of two
membranes. While from table (3) it was found that removal efficiencies
achieved of (97.9%, 92% and 96%) and (98.8%, 95% and 96.4%) for one and
two membrane respectively. This indicated that using of one RO membrane
was sufficient to remove sulphate for reuse purpose. And by comparison
the removal efficiencies reused from indirect process with direct process,
it can be concluded that there was no valuable increasing obtained. The
only reason that insists to use RO system was to reduce TDS and chloride
concentrations which valuable increased when using both of chemical

precipitation methods as mentioned previously from the results obtained.
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removal efficiency of (71.79%) occurred with highest influent pH value of
(7.8), while influent pH in range of (5.8 to 7.8) tended to be more acidic in
range of (5.5 to 7.6) in the effluent.

Figures (A.3-13) to (A.3-18) shows that maximum SO4, TDS and Cl removal
efficiencies were (99.18%, 99.30% and 99.38%) respectively. This indicated that
the second RO membrane increased removal efficiencies ranged from (0.26% to
2.09%), (1.27% to 3.26%) and (0.40 to 0.71%) for SO4, TDS and Cl respectively.
Thus, it can be concluded that there was no need to use more than one RO

membrane in case of reuse of treated water in refinery process.

3. Indirect Operating

To increase operation time of RO membranes by reducing harmful
effects of highly sulphate in water of (550 and 425 mg/L) to (250 mg/L),
pretreatment by chemical precipitation using (BaCl2) in dosage and mixing

time with test results obtained as shown in Tables (2) and (3).

Table (2): Test results of maximum sulphate concentrations
by using pretreatment with RO system

After
Parameters Unit Initial Value RO
(BaCl2)
BaCl2 g/L 0.0 1.2
tmix min 0.0 15 1 membrane 2 membrane
N rpm 0.0 120
Ph 7.3 6.75 6 5.9
Tc °C 23.7 24.4 28.9 28.9
TDS mg/L 1880 1950 77 70
S04 (max) mg/L 425 250 3 3
Cl mg/L 100 672 60 48
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pores that only let pass the molecules that were smaller than 0.001 micron.
As the salts or other metallic dissolved molecules were comparatively bigger
than water molecules, the metals and salts will be filtered. This was indicated
that RO system can be considered as efficient process in removing chloride
and sulphate from water and so reducing TDS concentrations. It is found that
with the same SO4 concentration as (360 mg/L), SO4, TDS and Cl removal
efficiency increased when TDS and chloride concentrations increased, and
the higher removal efficiency occurred with a highest TDS such as a highest
sulphate removal of (97.86) occurred when SO4 concentration was (360
mg/L) and TDS was (1572 mg/L), and (98.35%) when SO4 was (425 mg/L)
and TDS was (1591). Another conclusion could be declared was pH decreased
with increasing of removal efficiency, the reason of decreasing pH depended
on the composition of input water source have large or small amounts of
gases such as CO2 there was a relationship between pH and CO2, CO3 and
HCO3 present in feed water, when there was very little CO2, CO3 and HCO3
in feed water, there was a very small pH drop observed in the permeate. RO
membranes would reject dissolved ions but not dissolved gases, CO2 would
combine with H20 driving reactions that shown in equation (1), increasing

hydrogen ion in water causes a decrease in pH because pH= - log [H+].

2. Direct Operating by Using Two Membrane

Effluent water from one membrane runs into the RO second
membrane. The results obtained as shown in Figures (A.2-7) to (A.2-12)
indicated the same conclusions which mentioned previously in using one
membrane. Where, the highest sulphate removal efficiency of (57.89%)

occurred when TDS was (70 mg/L). In addition of that, the highest TDS
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Figure (11): Chemical water treatment by using (BaCl2) before treated water by RO

Results and Discussion

About (24) runs have been done to test the efficiency of using one and
two RO membranes for direct removing sulphate of refinery treated water,
and before pretreatment with chemical precipitation process by using BaCl2

substance of lesser dosage and retention time.

1. Direct Operating by Using One Membrane

Ten samples of treated water with variable SO4, TDS, Cl, pH and
temperatures have been run directly into pilot plant. Test results obtained
of initial concentrations; moderate pH ranged from (7.2 to 7.6) and
temperatures of (18 — 22°C) with sulphate, TDS and Cl removal efficiency
are shown in Figures (A.1-1) to (A.1-6). Obviously observed that using of one
RO membrane was sufficient in removing each of SO4, TDS, and chloride
concentration in ranged between (95.97% to 98.35%), (95.06% to 97.60%)
and (98.38 to 98.93%) respectively. RO system removes TDS from water

passing it with high pressure because RO membrane have very tiny micro
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3) Residence time of water.

4) Mixing speed.

In the case specifications of water that has been placed in collection
tank (required water treated chemical) before enter reverse osmosis unit:

e Volume water=151

e Sulphate concentration in water = 425 mg /L

So that the dosage (BaCl2) added to the water to reduce sulphate form
(425 mg/L to 250 mg/L) = (1.2 g/L (BaCl2) * 15 L) = 18 g/15L with mixing
speed =120 rpm and residence time = 15 min.

In the case specifications of water that has been placed in collection
tank (required water treated chemical) before enter reverse osmosis unit:

e Volume water=151L

e Sulphate concentration in water = 550 mg /L

So that the dosage (BaCl2) added to the water to reduce sulphate form
(550 mg/L to 250 mg/L) = (1.8 g/L (BaCl2) * 15 L) = 27 g/15L with mixing
speed = 120 rpm and residence time = 15 min.

After that the water treated by (BaCl2) enters to the reverse osmosis
unit consisting of three primary filters and then enters the first reverse
osmosis membrane (1RO) and then enters the second reverse osmosis

membrane (2RO).
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9. Water Pumps No. 3:
Itis used to pump the water from 1 R.O. (reverse osmosis) membrane to
2R.0. (reverse osmosis) membrane as shown in figure (5), the specifications

of this pump like Water pump No.1 and No.2 specifications.

10. Reverse Osmosis Membrane (2):

A thin film composite (TFC) high quality membrane can process 50— 100
gallon per day. It removes 85% - 95% of the particles in the water including the
left over chemicals such as: cooper, lead, mercury, sodium and etc, to make

it close to pure water, the same as figure (9) (Average lifetime: 1 — 1.5 years)

11. Collection Tank No. 3 :

It is rectangular plastic tank used to collect the product water from

(RO), with dimensions (60 cm*20 cm*30 cm), the same figure (10).

12. Chemical Treatment with Reverse Osmosis ( RO )
Method by Using Barium Chloride Material ( BaCl2 ) :

In this method sulphate removal from treatment wastewater of Al-
Doura refinery by using chemical precipitation using barium chloride material
(BaCl2) and after that is entered water to the reverse osmosis unit. In the
first chemical water treatment that has been placed in the collection tank
before enter reverse osmosis unit by using barium chloride material (BaCl2)
as shown in figure (11), the dosage (BaCl2) added to the water depended on:

1) The amount of flow.

2) Sulphate concentration.
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Figure (9): Reverses osmosis membrane

Operation Limits :

Membrane type: thin-film composite.
Membrane material: Polyamide (PA).

Maximum operating temperature: 113°F (45°C).
Maximum operating pressure: 150 psig (10 bar).
Maximum feed flow rate: 2gpm (7.6 lpm).
Operation pH range: (2-11).

Maximum Feed Silt Density Index (SDI): 5.

Maximum chlorine concentration: < 0.1 ppm

8. Collection Tank No. 2 :

It is rectangular plastic tank used to collect the product water from

(RO), with dimensions (60 cm*20 cm*30 cm), as shown in figure (10).

Figure (10): Collection tank
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5. P.P.1 micron ( Polypropylene Sediment Filter ) :

It removes the big particles which is bigger than 1 micron such as dirt,
hair, sand and etc. The main function of this filter is to prevent big particles
to block the RO membranes, which can extend the lifetime of the RO

membrane, as shown in figure (8) (Average lifetime: 3 months).

Figure (8): P. P.1 micron filter

6. Water Pump No. 2
Itis used to pump the water from P.P.1 micron (Polypropylene sediment
filter) to 1 R.O. (reverse osmosis) membrane as shown in figure (5), the

specifications of this pump like water pump No.1 specifications.

7. Reverses Osmosis Membrane (1):

A thin film composite (TFC) high quality membrane can process 50
— 100 gallon per day. It removes 85% - 95% of the particles in the water
including the left over chemicals such as: cooper, lead, mercury, sodium and
etc, to make it close to pure water, as shown in figure (9) (Average lifetime:

1-1.5years).
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3. P.P. 5 micron ( Polypropylene Sediment Filter 5 micron ) :

It removes the big particles which is bigger than 5 micron such as dirt,
hair, sand and etc. The main function of this filter is to prevent big particles
to block the RO membranes, which can extend the lifetime of the RO

membrane, as shown in figure (6) (Average lifetime: 3 months).

Figure (6): P.P.5 micron filter

4. GAC ( Granular Active Carbon ) Filters :
It removes the chlorine, color, odor, bad test and organic chemicals

from the feeding water, as shown in figure (7) (Average lifetime: 6 months).

Figure (7): GAC filter
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1. Raw Water Collection Tank No. 1:

Itis a plastic tank has a capacity of (35) liters as shown in figure (4). The
treated water used in the experiments was collected from the effluent of Al
Doura refinery wastewater treatment plant.

Figure (4): Raw water collection tank

2. Water Pumps No. 1:
Itis used to pump the water from the collection tank to the P.P.5 micron

(Polypropylene sediment filter) as shown in figure (5), the specifications of
this pump are:

Type pump booster pump
Model CR-004
Open flow 1.35L / min
Pressure 70 — 125 psi
Booster 24V DC
Ampere 0.21 A

Max operation Temperature 55C°

Figure (5): Pump and transformer
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Figure (2): Mean monthly rate of treated water sulphate concentration

A pilot plant was designed, built and operated in home. It consists of a
collection tank No.1, water pump No.1, P.P.5 micron (Polypropylene sediment
filter), GAC ( Granular Active Carbon ) filter, P.P.1 micron (Polypropylene
sediment filter), water pump No.2, 1 R.O. (reverse osmosis) membrane,
collection tank No.2, water pump No.3, 2R.0. (reverse osmosis) membrane,

and collection tank No.3, as shown in figure (3).

Figure (3): Pilot Plant
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to less than (600 mg/L) by using ion exchange process, then decreased to

average level when mixed with other lesser concentration wastewater into

WWTP influent collection basin. There wasn’t any specific process to control

or remove sulphate to reach the effluent disposal limit in WWTP. Laboratory

test results for five years (2008 to 2013) have been analysis as shown in figure

(2) to determine annual rate and maximum sulphate concentration which

found to be (360 mg/L) and (425 mg/L) respectively. Also, peak concentration

which possible to reach WWTP for more than (15) days per year considered

to be (550 mg/L).

Table (1): Sulphate concentration in various refinery processes

Water treatment unit 504 (me/1
Influent Effluent

sedimentation basins (190 - 320) 283
After DMF and ACF 272
After storage tanks when adding chemical substances 300
RO unit 300 (4-6)
Water resulting from RO unit (reject) 980
Energy unit—-1 15 15
Energy unit — 1 (reject) 1000
Energy unit — 2 and energy unit -3 15 0
Energy unit — 2 and energy unit — 3 (reject) 2900
Chiki units (one and two) 120
Hydrogenation units (one and two) 530
Grease unit—1 155
Grease unit —2 185
Grease unit—3 270
WWTP (INGECO) unit 300 360
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An RO system consists of four basic stages, namely, pre-treatment,
high-pressure pumping, membrane assembly and post-treatment. The
pre-treatment prevents membrane fouling from suspended solids, mineral
precipitation or microbial growth. It generally involves filtration and/or
chemical treatment. A high-pressure pump is required to supply sufficient
pressure to force the water through the semi-permeable membrane. This
high-pressure pumping is the major contributor to the energy required for
this process. Post-treatment involves conditioning of the treated water. This
will include pH, alkalinity and hardness adjustments as well as hydrogen
sulphide gas removal.

The product water from an RO unit will have a low pH and most
probably a high concentration of carbon dioxide. the reason decrease pH
depended on the composition of input water source have large or small
amounts of gases such as CO2 there is relationship between pH and CO2,
CO3 and HCO3 present in feed water, when there is very little CO2, CO3 and
HCO3 in feed water, there is a very small pH drop observed in the permeate.
RO membranes will reject dissolved ions but not dissolved gases, CO2 will
combine with H20 driving reactions that shown in equation, increasing
hydrogen ion in water causes decease in pH because pH = - log [H+] .

CO, +H,0 - HCO, + H+ (1)

Materials and Methods

After inspection of water quality used in various refinery processes
which showed in table (1), it is found that the main highly concentration of
sulphate in wastewater reach about (2900 mg/L) coming from blowdown

water of energy units. But whenitreachthe WWTP, the concentration reduced
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Recycle Reverse Osmosis), ED (Electro Dialysis) and EDR
(Electro Dialysis Reversal).
2) lon exchange
e Chemical Precipitation Sulphate Removal Methods:
1) Gypsum precipitation.
2) Ettringite precipitation such as SAVMIN and CESR (Cost
Effective Sulphate Removal).
3) Barite (barium sulphate) formation.
e Biological Sulphate Removal Methods:
1) Bioreactors.

2) Constructed wetlands.

Reverse Osmosis (RO)

The driving force for RO is the difference in pressure across the selective
permeable membrane where an external hydraulic pressure is applied on
the saline brine side of the membrane; therefore the water is forced through
the membrane against osmotic pressure (Fell, 1995) (Strathmann, 2015). A

schematic diagram is shown in figure [1].

Contaminated Water Almost Pure Water
o _ 000 @ -
O =0
QO | Water Flow
QO O ~_ - =
O OO0 O
Higher Water Pressure Lower Water Pressure

Reverse Osmosis Membrane

Figure (1): Schematic diagram of RO membrane. After (6)
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Sulphate, especially precipitation of gypsum, may impair the
quality of treated water. In many arid environments gypsum
becomes the dominant contributor to salinity in the vicinity of the
discharge (Verhoef, 1982).

People consuming drinking water containing sulphate in
concentrations exceeding 500 mg/L commonly experience
cathartic effects, resulting in purgation of the alimentary canal
(WHO, 2004). Dehydration has also been reported as a common
side effect following the ingestion of large amounts of sulphate.
Saline water can lead to the salinization of irrigated soils, diminished

crop yield and changes in biotic communities (Papadopoulos, 2005).

EPA determined sulfate in drinking water currently has a secondary

maximum contaminant level (SMCL) of (250 mg/L), based on aesthetic

effects (i.e., taste and odor). This regulation was adopted by Iragi Ministry of

Environment (MOE) as enforceable standard for effluent disposal to class (A)

streams which was taken as limitation in this study.

Sulphate Removal Methods

Literature studies were conducted to investigate the different generally

available methods to remove sulphate from industrial wastewater. These

methods can be divided into physical processes such as membrane filtration,

chemical treatment such as precipitation methods and biological sulphate

reduction (Akcil& Koldas, 2006) (Aube , 2004) :

Physical Sulphate Removal Methods:
1) Membrane filtration such as RO (reverse osmosis), SRO

(Seeded Reverse Osmosis), SPARRO (Slurry Precipitation and
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Introduction

Sulphate is a naturally occurring substance that contains sulphur and
oxygen. It is present in various mineral salts that are found in soil and rocks
sulphate forms salts with a variety of elements including barium, calcium,
magnesium, potassium and sodium. Sulphate may be leached into water
from the soil and is commonly found in most water supplies. Magnesium,
potassium and sodium sulphate salts are all soluble in water, calcium and
barium sulphate are not very easily dissolved in water. There are several other
sources of sulphate in water, decaying plant and animal matter may release
sulphate into water, numerous chemical products including ammonium
sulphate fertilizers contain sulphate in a variety of forms, the treatment of
water with aluminum sulphate (alum) or copper sulphate also introduces
sulphate into a water supply. Human activities such as the combustion of
fossil fuels and sour gas processing release sulphur oxides to the atmosphere,
can give rise to sulfuric acid in rainwater (acid rain) which in turn results in
the return of sulphate to surface waters in the environment, as well as the
source of sulphate in the water resulting from the addition of sulfuric acid for
the purpose ion exchange resin regeneration (INAP, 2010). Although sulphate
is non-toxic, except at very high concentrations, it exerts a purgative effect:

1) Precipitation of sulphate can cause damage to equipment through
the formation of calcium sulphate scale (Maree el at, 1990).

2) At high concentrations, precipitation of sulphate may affect the
efficiency of many industrial processes. The corrosive effect of
high sulphate waters, particularly towards concretes, is increasingly
becoming a major water quality problem for mining operations
(Loewenthal el at, 1986).
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Abstract

The treated wastewater by industrial Wastewater Treatment Plant (WWTP)
which commonly named (INGECO) in Al- Doura refinery suffers from highly
sulphate concentrations that exceeding the EPA specified limits of (250 mg/L).
Therefore, laboratory water quality historical data have been reviewed and
analyzed to determine annual rate, maximum and peak sulphate concentrations
that found to be (360 mg/L), (425 mg/L) and (550 mg/L) respectively, and by
field inspection which has been done to specify the reasons of highly sulphate
concentrations appeared in wastewater of most refinery process units, found
that the maximum required sulphate remaining concentration should be
not more than (10 mg/L) to use in energy units. In this study, using Reverse
Osmosis (RO) system with four stages, the results obtained indicated that the
S04, TDS, and chloride removal efficiencies when direct used with treated
wastewater ranged between (95.97% to 98.35%), (95.06% to 97.60%) and
(98.38 to 98.93%) respectively, and with five stages were (99.18%, 99.30% and
99.38%) respectively. The major advantage of direct use of RO system was the
production of high-quality water, while a major disadvantage is expensive in
treatment cost of about (0.4 SUS/m3), and production of brine that requires
disposal with incurs additional costs. While in pretreatment by chemical
precipitation with RO system of one and two membranes for reuse purpose to
reduce maximum and peak concentrations to (250 mg/L), it was found that in
one membrane (sulphate, chloride and TDS) achieved removal efficiencies of
(98.80%, 91.10%, 96.10%) and (97.90%, 92.00% and 96.00%) respectively, and
in two membrane achieved of (98.80%, 93.0%, 96.40%) and (98.80%, 95.00%,
96.40%) respectively. As one of the most important additional benefits of this
method is to maintain the membranes of osmosis of rapid damage, but one of
the most significant disadvantages is the high cost of about (0.59 SUS/m3).

Keywords : Sulphate , Wastewater Treatment , Al- Doura Refinery

and Reverse Osmosis.
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Strut and Tie Model presented in Appendix A of ACI 318M-11 Code
results in conservative value of ultimate load as compared with
the corresponding experimental ones. It can be noticed that the
STM underestimates the load capacity of deep beam (B1). The
value (X') for the ratio of analytical/test results ultimate loads
(PAn/PExp) is 0.68 where PAn refers to ultimate loads obtained
using analytical methods.

The modified developed by (Zhang and Tan in March 2007) gives
capacities, which overestimate value as compared with STM
presented in Appendix A of ACl 318M-11 Code. The X' is 1.27.

The modified expression developed by (Zhangand Tan in November
2007), that includes the effect of size factor, gives capacities for
deep beam (B1), which overestimate value as compared with STM
presented in Appendix A of ACI 318M-11 Code. The expression,
also gives capacity which is convergent value for article (4.2.2) .

The X'is 1.28.
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Ultimate Load of Beam B1
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Figure 9. Ultimate Loads Obtained of B1

Using Different Experimental and Analytical Methods.

6. Conclusions

1.

Generally, the ultimate loads of deep beams subjected to repeated
loading are lower than the ultimate load of corresponding beam
tested under monotonic loading. The shear strength of hybrid
deep beams decreases when they subjected to repeated loading
of different load levels of monotonic control beam. It was observed
that the percentage decrease in ultimate load are 39.58%, 27.08
and 29.17% when hybrid deep beams are subjected to repeated
load of levels 50%,70% and 90% of its control monotonic ultimate

loads.
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Table (7) summarized the strength of deep beam (B1) of the present
investigation which was tested under monotonic loading. The X' for PAn/

PExp ratio is 1.28.

Table 7. Comparison between Experimental Ultimate Load
and it Calculated Using Equation (8).

Ultimate Load(2Vn) (kN)
Beam ow Beam SF T p— % PAn/
. odifie
No. Type Ratio " Experimental Value | PExp.
Equation (8)
Hybrid
B1 0.003 yora v 613.21 480 1.28
Beam

5. Comparison between Ultimate Loads Obtained Using
Different Analytical Methods and Experimental Values.
Through the analytical methods presented in the previous articles,
it was to obtain different values of ultimate load as compared with the
experimental data of the reinforced concrete simply supported deep beam
(B1) that was tested under monotonic load in this work. These differences in

results are shown in Table (8), Figure (9).

Table 8. Comparison between Ultimate Load Obtained

Using Experimental Results and Different Analytical Methods.

PAn.
PExp. iee
Beam STM ACI Modified STM .
i Modified STM
No, | EXperimental 318M-11 by Zhang and Usin° E' zaﬁon @)
(kN) Code Tan & (T(N)
(kN) (kN)
B1 480 325.01 609.59 613.21
X'(PAn/PExp.) 0.68 1.27 1.28
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v=E8x 7 (9)
where;

&: efficiency factor for the effect of strut geometry.

C: efficiency factor for the effect of strut boundary conditions influenced

by web reinforcement. These parameters are expressed as follows:

0.4

{=08+ JI+(—w.)/50 (10)
{=05+kd. /I, =12 (11)
Where,

I: length of strut in mm, as shown in Figure (8).

d: diameter of web steel bar, when web steel is not provided, ds is
taken as the minimum diameter of bottom longitudinal steel bars.

|.: maximum spacing of web steel intercepted by the inclined strut,
when web steel is not provided, Is is equal to I.

k=05x.mf,/f. isa material factor, when web steel is not

provided, it is taken as half of the above value.

> 1

T

Figure 8. Strut Geometry and Strut Boundary Conditions.
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The expression fss refers to the contribution of bottom longitudinal

steel, it can be obtained according to the following equation:

2

Where:

44 fsinb;
o Ay f5ind, (7)

A.: total areas of bottom longitudinal main reinforcement (mmz2).
fy: tensile yield strength of main reinforcement (MPa).
Table (6) summarized the strength of the deep beam (B1) of the present

investigation.

Table 6. Comparison between Experimental Ultimate Load and it Calculated Using

Modified STM Theory by N. Zhang and K.H. Tan.
1

]’;t = Isindocostn  sindo Ultimate Load(2Vn) (kN) .
B¢ At } oher s — % PAn/
N tric | Modified STM . PExp.
T by Zhang and Tan Experimental Value
Hybrid
B1 0.003 BZan: 1% 609.59 480 1.27

From the above results, modified STM overestimates ultimate load as

compared to test result. The X' for PAn/PExp ratio is 1.27.

4.2.3 Size Effect on the Capacity of Deep Beams Using the STM
Zhangand Tanin November (2007) suggested the following modification

to equation (2) for ultimate shear strength, taking into account the size effect.

1
V’n T 4sinfgcosfy | sinfs

Aefy T (8)
The term refers to the efficiency factor accounts for the effect of strut

geometry, and the effect of strut boundary conditions influenced by web

reinforcement. The term v is expressed as follows:
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fe = fee + [t (3)

/., : represents the contribution of concrete tensile strength.

., : represents the contribution of steel reinforcement which consists
of two parts,

f,, from the web reinforcement and from the longitudinal
reinforcement as explain in equation (4).

foao = fow + fis (4)

Zhang and Tan suggested that the presence of web reinforcement in
the strut restricts the inclined cracks from readily increase to every ends of
the strut. Equation (5) shows the tensile contribution of web reinforcement
at the interface of the nodal zone.

fow

Aryr S in(6:+6,,)
- A /sinf,

(5)

For concerted cases of vertical and horizontal web reinforcement,

equation (5) is reduced to:

£ = Ay Fypsin2, 4 Acpfynsin6;
W 24, A, (6)

Where:

A_: total areas of vertical web reinforcement within the shear span (mm2).
A : total areas of horizontal web reinforcement within the shear span (mm2).
fW: tensile yield strength of vertical web reinforcement (MPa).

fyh: tensile yield strength of horizontal web reinforcement (MPa).

0.: angle between the axis of the strut and the horizontal axis of the member.
0,: angle between the web reinforcement and the horizontal axis of

beams at the intersection of the reinforcement and the diagonal strut.
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4.2.2 Modified of STM Theory

Zhang and Tan in March (2007), suggested a modified STM for
calculation of shear strength of reinforced concrete deep beams based on
a previous fulfillment reported by Tan and Cheng. For simply supported
reinforced concrete beams subjected to symmetric two point loads, from
the structural analysis it is well known that the ultimate load (P) is equal to
twice the shear force at the support.

P =2Vn (1)

The expression for calculated the shear strength Vn according to Zhang

and Tan, is as follows:

1
vn = i5infzoosbg  Sinbs (2)
Acfr  Aserfy

where;

V : shear strength of deep beams (N).

A_:isthe beam effective cross- sectional area in mm2, equals to bw dc.

d : effective beam depth (mm).

A_ : cross-sectional area of the concrete diagonal strut in mmz2, equal
to ws bw.

w_: effective width of the inclined strut (mm).

b : width of deep beam (mm).

/. : combined tensile strength of reinforcement and concrete (MPa).

0,: angle between the axis of the strut and the horizontal axis of the
member.

It can be noted that the expression is the composite tensile strength
included contributions from concrete and reinforcement (web and main

bars), where;
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distributed so that its centroid coincides with the tie location.
Details such as distribution, bar spacing, and anchorage are factors
that deserve the most consideration when selecting and placing
the reinforcement.

c. Nodes: Nodes form where struts and ties cross. Nodes are named
according to the nature of the elements that frame into them. For
example, the nodal zone where two struts and a tie intersect is
referred to as a CCT node (C stands for compression and T stands

for tension). Nodes are classified as CCC, CCT, CTT, or TTT.

4.2 Theoretical Results
4.2.1 Capacity of the Tested Beams Using the STM

Ultimate load for deep beam (B1) was tested under monotonic loading
is calculated according to ACI 318 M-11Code. Table (5) shows the comparison
between test result and the predicted value of the ultimate load. From
Table (5), it can be noticed that the STM mentioned in ACI318M-11 Code
underestimates the load capacity of deep beam (B1). The value (X') for the
ratio of analytical/test result of ultimate load (PAn/PExp) is 0.68 where PAn

refers to ultimate load obtained using analytical methods.

Table 5.Comparison between Experimental Ultimate Load
and it Calculated Using STM of ACI 318M-11Code.

Beam Beam SF Ultimate Load(2Vn) (kN) % PAn/
w .
No. Type Ratio | s\ ACI 318M-11 Code | Experimental Value | PEXp-
Hybrid
B1 0.003 | 7" 119 |325.01 480 0.68
Beam
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to crushing of the struts, crushing of concrete at the face of a node, yielding of

the ties, or anchorage failure of the ties (Birrcher el at, 2007 : 2987).

Strut Node

Tie
Figure 7. STM of Deep Beam.

STM in deep beams is represented by a structural truss as shown in
Figure (7). Each type of the elements in a STM serves a unique purpose, but
must be act in concert to describe accurately the behavior of a structure.
STM consists of the following members and parts:

a. Struts: Struts are the compression members in the STM. Struts
vary in shape. Most struts in a two dimensional STM are bottle-
shaped, they spread laterally along their length. The lateral
spreading of a bottle-shaped strut introduces tensile stresses
transverse to the strut. Transverse reinforcement should be
provided in order to control the cracking along the length of the
strut that which occurs as a result of the tensile stresses.

b. Ties: Reinforcing steel bars are set at tie locations in an STM. Ties

are the tension members in the STM. The reinforcement should be
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4. Theoretical Program
The Strut and Tie modeling (STM) technique is a widely accepted
design approach for reinforced concrete deep beams. Where geometrical
discontinuity exists in structural members, current code documents provide
little direction for design. The design of these structural concrete members
can be better understood by using STM (Maxwell & Breen, 2000 : 142). In
this work, three methods will be used to predict ultimate load of simply
supported deep beam (B1) tested under two point monotonically loading
system which are:
1. Strut and tie model according to AClI 318M-11Code procedure.
2. Modified strut and tie method proposed by Zhang and Tan in
March 2007.
3. Modified strut and tie model proposed by Zhang and Tan in
November 2007, which takes into account size effect of reinforced

concrete deep beams.

4.1 Theory of STM

STM refer to the complex flow of stresses in structural members as axial
elements in a truss. Concrete struts are resisting the compressive stress and
reinforcing steel ties are resisting the tensile stress. The intersection regions of
struts and ties are called nodes. Struts, ties, and nodes as shown in Figure (7)
are the three elements that consist the STM and they should be proportioned
to resist the applied forces. The capacity of a STM is according to the lower
bound theory of plasticity is always less than the structure’s actual capacity

provided the truss is in equilibrium and safe. Failure of a STM can be attributed
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Figure 5. Load mid-span Deflection for Beam B3.
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Figure 6. Load mid-span Deflection for Beam B4.
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3.2 Load-Deflection Response

Figures (3) through (6), show the load mid-span deflection curves
obtained for the all tested deep beam specimens which were tested under
monotonic and repeated loading. The load mid-span deflection curves are
initiated in a linear form with a constant slope. After initiating cracks, the load-
deflection response takes a nonlinear form with variable slope where the

deflection is increased at an increasing rate as the applied load is increased.

600
500
400 //
g 300
] /
3 200
= Type of Beam= Hybrid(SF=1%)
Type of Load = Monotonic Load
100 / p,, =0.003
O T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9
Deflection(mm)
Figure 3. Load mid-span Deflection for Beam B1.
600
500
400 17
£ 300 // / —
-‘g / / / Type of
= 200 B —
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100 / // SF1%) |
0 T T T

Deflection (mm)

Figure 4. Load mid-span Deflection for Beam B2.
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600
Bl
500
B3 /Bf
400
—_ B4
Z
=< 300 >
®
3 200 pW= 0.003, SF Ratio = 1%
Type of Beam = Hybrid
h=1.14
100 o/
0
B4 Repeated B3 Repeated B2 Repeated B1 (Control)
(50% of Control (70% of Control (90% of Control (Monotonic
Beam) Beam) Beam) Load)
e Py 290 350 340 480
Figure 2. Effect of Loading Level per Cycle
on Ultimate Loads of Beams under Repeated Loading.
Table 4. Summary of Test Results for Tested Deep Beams*.
Ultimat
Beam Beam "™ Steel Fiber Type of No. of Lor:: € Modes of
No. Type Ratio (SF) Loading Cycles (kN) Failure
0.003 Di I Sh
B1 Hybrid R 1 Monotonic - 480 |agorfa ear
(Min) *** Failure
Repeated (90% .
! D 1 Sh
B2  Hybrid 0003 1 of Bl Ultimate 3 340 lagonal Shear
(Min) Failure
Load)
Repeated (70%
0.003 Di I Sh
B3  Hybrid _ 1 of B1Ultimate 5 350 el S
(Min) Failure
Load)
R ted (50
. 0.003 epeate ,( ° Diagonal Shear
B4 Hybrid ) 1 of B1 Ultimate 5 290 )
(Min) Failure
Load)

* All beams have the same (a/h) ratio=1.14

** =

*** Min web reinforcement ratio = 0.003 for all tested beams.
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the inclined line joining the edge of steel plates at the supports and loading
positions (strut of the deep beam). Plates (4) to (7) show modes of failure

and the crack patterns of the tested deep beams.

. -l- = !l
¥
i
% s, b
. E 5,
W A

i

"
il

"
-,

Plate 4. Crack Pattern for Beam B1 after Plate 5. Crack Pattern for Beam B2 after

Testing. Testing.

Plate 6. Crack Pattern for Beam B3 after Plate 7. Crack Pattern for Beam B4 after

Testing. Testing.

3.1 Effect of Loading Level per Cycle on Ultimate Load of Tested Beams

The effect of this parameter is studied for constant SF ratio and amount
of web reinforcement. Hybrid beam B1 tested under monotonic loading w
hile others beam (B2, B3 and B4) tested under repeated loading with different
percentages of load level of control beam load. Results of the ultimate load

are drawn in Figure (2) and listed in Table (4).
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rate of load increment was about (1.5kN/sec). The positions and extents of
consequent cracks for each cycle were marked on the surface of the beam.
As failure occurred, when the beam failed abruptly at simultaneity with
the load indicator stopped in recording or return back and the deflection
increased very fast. The failure load has been recorded, and the hydraulic

load has been removed.

a.Side View for Beam (B1) under Testing.  b. Front View for Beam (B1) under Testing

Plate 3. Test Procedure for Beam Specimen.

3. Results and Discussion

In monotonic loading, during the applied load and at the low load
level, all the tested beams behaved in an elastic manner and the deflection
at mid span were small proportion to the applied loads. When the load was
increased, first crack was occur, then number of cracks were observed at
the region of the pure bending moment. At repeated loading when deep
beam specimens were subjected to applied load, similar cracks that which
occurred in monotonic test were observed at first cycle. At next cycles, the
same cracks that were observed at the first cycle during loading phase were
gradually widened and propagated diagonally along the main strut, at the

last cycle, beams loaded up to failure. Finally, failure occurred by splitting
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Plate 2. Details of Molds and Casting Procedure.

2.4 Test Procedure

All beam specimens and control specimens have been removed from
curing at the age of 28 days. Before the testing day, the beam specimens
have been cleaned and paint with white paint in order to clarify the crack
propagation. Each beam specimen has been labeled and the locations of
support points, loading points and the dial gauge position were marked on
the surface of beam. The beam specimens have been placed on the machine
with a clear span (1230mm), as shown in Plates (3). The marked loading
points have been covered by (150x70x40) mm steel plates to avoid stress
concentrations on the upper face of the beams during loading. All beam
specimens have been tested under two points load. The dial gauge was
mounted in their marked position to touch the bottom of center of the beams
was fixed in the correct location. All beam specimens have been loaded
to failure in one cycle for monotonic test and 5 cycles in repeated loading

test. The beam specimens have been loaded in increments of (10kN), the
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Plate 1. Steel Reinforcement Cage Used for Deep Beams.

2.3 Molds and Casting

Two steel molds were designed and fabricated for casting two hybrid
deep beams for each batch. The inside dimensions for each mold were
1500mm x150mm x350mm (length x width x depth). The molds were
fabricated to cast the beams vertically due to the difficulty of casting
layers in horizontal state. The front cover of the mold face of dimensions
(1500mmx350mm) consists of three Plates. The lower plate was fixed to cast
the first layer while the two other plates above were movable (doors) to cast
the two other layers. Each door was closed before casting the layer of beam
backwards it. The molds were placed in vertical position and all reinforcing
bars were previously prepared. The reinforcement cage then put in position.

Details of molds and casting procedure are shown in Plate (2).

\\E21 /



‘ Al-Esraa University College Journal for Sciences and Engineering Vol.(2), No.(1)-2020

2.1 Materials

Properties and description of used materials are reported and

presented in Table (2) and the concrete mix proportions are reported and

presented in Table (3).

Table 2. Properties of Construction Materials.

Material Descriptions
Cement Ordinary Portland Cement (Type 1)
Natural sand from Al-Ukhaider
Sand . . . q
region with maximum size of (4.75mm)
Crushed gravel of maximum
Gravel .
size (19 mm)
Steel Fiber Hooked ends mild steel fibers are used in construction of fiberous concrete
with volumetric ratio (vf) of 0%, 1% and 2%.
Reinforcin (¢20mm) deformed steel bar, having (630MPa) yield strength (fy)
Bars E (¢@p16mm) deformed steel bar, having (780MPa) yield strength (fy)
(¢¢4mm) plane steel bar, having (540MPa) yield strength (fy)
Water Clean tap water

Table 3. Proportions of Concrete Mix.

Compressive Water
Cement Sand Gravel Steel Fiber | Steel Fiber
Strength Cement
(kg/m3) (kg/m3) ( kg/m3) . (%) (kg/m3)
(MPa) ratio w/c
0 -
30 400 728 1092 0.5
1 78

2.2 Description of Reinforcement Bars

The horizontal length of all longitudinal reinforcement was 1460 mm

and a vertical length of 250mm to make a 902 standard hook to provide

sufficient anchorage as shown in Plate (1).
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results in a ratio of clear span to overall depth of 3.5. The variable include
type of load. Also, bearing plates under each load and above each support
were designed to avoid any local crushing in concrete. Table (1) show details
of the four tested reinforced concrete deep beams. The main parameter
investigated and details of the web reinforcement are also shown. Details of

dimension and reinforcement for all beam specimens are shown in Figure (1).

Table 1. Beam Specimens Details.

Beam Type of Vertical Horizontal
a/h Type of Load SF pw
No. Beams Web. Reinforced | Web. Reinforced
®4mm ®4mm
Bl 1.14 | Hybrid Monotonic 1% 0.003
@ 80 mm @80 mm
Repeated (90% of ®4mm ®4mm
B2 1.14 | Hybrid 1% 0.003
B5 Ultimate Load) @ 80 mm c/c @80 mm c/c
Repeated (70% of ®4mm ®4mm
B3 1.14 | Hybrid 1% 0.003
B5 Ultimate Load) @ 80 mm c/c @80 mm c/c
Repeated (50% of ®4mm ®4mm
B4 1.14 | Hybrid 1% 0.003
B5 Ultimate Load) @ 80 mm c/c @80 mm c/c
P/2 p/2
20
> [
204
204
B
50 © 204
% T 2@20+1016
150

— 04@80c/c D4@25¢/c

65 70 1230 70 65

Figure 1. Details of Beams (All Dimensions are in mm).
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1- Introduction

Deep beams are structural members differ from slender beams in their
geometrical proportions and nowadays are widely used in many structural
applications such as transfer girders in multistory buildings, pile supported
foundation, foundation walls, shear walls and bridges. Deep beam is defined
as those members in which the ratio of effective span (Ln) to depth (h) is
less than or equal to four (Ln/ h < 4); or shear span (a) to depth (h) ratio less
than or equal to two (a/h< 2) (ACI,2011: 503) . Reinforced concrete deep
beams are typically used as transfer members in high-rise structures due to
their high resistance capacity. Because the stress distribution in the section
of the deep beam is nonlinear, the linear elastic theory for the general beam
analysis cannot be applied. Therefore, ACl 318M-11Code requires that deep
beams be designed via non-linear analysis or by Strut and Tie Models (STM)
(Noh el at). Hybrid concrete beams are characterized using different types
of concrete specific layers for the purpose of increasing the resistance and

improve performance.

2- Materials and Methods

The experimental program consists of testing four simply supported
deep beams under two point loads to investigate the behavior of reinforced
concrete deep beams under repeated loading. All beams have the same
dimensions and flexural reinforcement. They had an overall length of 1500
mm, a width of 150 mm and a height of 350 mm. The amount of flexural
reinforcement for all the tested beams was and ( where is the flexural

reinforcement ratio). The clear span between supports was 1230 mm which
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Abstract

This research is devoted to investigate the experimental and theoretical
behavior of hybrid deep beams under monotonic and repeated two points
loading. The dimensions and the flexural reinforcement of the deep beams
were kept constant. In this work, the idea of hybrid beam is completely
different. Two types of concrete were used but not in cross section. The first
type which is fiberous concrete (FC) was used in casting beam sides (shear
spans), while the second type was conventional concrete (CC) which was
used in the middle portion of beam (between two shear spans). This was
done to strengthen the deep beam sides (shear spans) against cracking due
to shear (diagonal strut) failure. The experimental program includes casting
and testing of 4 deep beams, one of them is tested as a control beam under
monotonic loading and the others were tested under repeated loading at
level 90%,70% and 50% of the ultimate load of it control beam. The effect
of loading type is studied for constant steel fiber (SF) ratio and amount of
web reinforcement. The ultimate load decreases when beams subjected to
repeated loading of different levels. Comparison of experimental results was
made with corresponding predicted values using the Strut and Tie procedure
presented in Appendix A of ACI 318M-11Code and with other procedures
mentioned in the literature. It was found that the Strut and Tie procedure
presented in Appendix A of ACI 318M-11Code give conservative results as
compared with the experimental tested results.

Keywords: Deep beam, Hybrid, Repeated loading, Strengthening,

Shear spans.
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