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Abstract:

Despite the tremendous development in the field
of digital technology that produced the software
and techniques influenced in the field of
architecture and construction, and thus the
production of architectural and urban, which is
imperative that we keep up with this
development, and employment and continuation
of the same efficiency in all phases of the project
will bridge the gap between design and
implementation phase, and the most important of
these techniques the use of Building Information
Modeling (BIM), it is a Database, Not just 3D
Drawings, it refers to a digital collection of
software applications designed to facilitate
coordination and project collaboration, BIM has
the potential to provide more efficient operation,
not only as part of design and construction but
also in operations and maintenance. Accuracy is
another main reason. BIM appears to offer
greater accuracy than what our current practices
produce. This paper aims to determine the
benefits of integrating BIM technique in project
management and recognize the role they play in
The construction industry and practical
feasibility of it compared to the previous
systems, the practical study depended on two
parts, the first by carrying out structured
questionnaire survey from construction industry'
experts. The second is a case study. The paper is
concluded with some important results. It seeks
to show that the BIM systems improve
communication, collaboration, higher-quality
project  decision making, and  more
comprehensive planning and scheduling. In the
end, we should see better quality, plus increases
in productivity and profitability.

Keywords: BIM, Management, Construction
project.

1. Introduction

BIM is a representation of the information
model, it is not like AutoCAD technique that can
barely draw everything is done but uses a
specialist in all phases of the project from design
and implementation until the operation phase of
the building. BIM is the current expression of
digital innovation in the field of building and
construction. The project team was able to be
clear, fast and more accurate trading information
than traditional methods, which is reflected
positively on the progress of all phases of the
project and provide a supportive model for the
process of decision-making and thus avoid
problems and minimize losses and save cost. It
gives a clear picture of the project to encourage
departments to participate and avoid any
conflicts, allowing early to find solutions before
starting the implementation of the project. This
paper aims to determine the benefits of
integrating BIM  techniqgue in  project
management and recognize the role they play in
The construction industry and practical
feasibility of it compared to the previous
systems, the practical study depended on two
parts, the first by carrying out structured
questionnaire survey from construction industry’
experts. The second is a case study. The paper is
concluded with some important results.

2. Research Obijectives

The main problem which faces the
construction projects is not about the building or
the management, it is about information. The
paper seeks to study the effect of implementing
Building Information Modeling BIM on the
mitigation of construction project management
during all phases of the project. The study was
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depended on a designed survey via emails and
face to face interviews. This survey represents
two parties. The first one is about implementing
BIM in the construction industry. The second
one investigates BIM as a management tool
(Implementation, Cost of applying, benefits, and
effects on project risks). Besides, one case study
was investigated with and Without BIM.

3. Literature Review

This paper reviews a series of studies that
dealt with in context the benefits of using BIM
in construction projects, (Rana Mamdouh
Hosney, 2016) characterized Conclusions
concerned with benefits of using BIM in
construction industry These benefits include,
Increases safety management of the project,
Ensures cost and time control for the project,
Improves risk management, Facilitates value
engineering process and application, Introduces
clash detection process for the project activities
to check the coordination between project
systems (civil, architectural, electromechanical,
HVAC, telecommunication, firefighting
systems, and others), Improves and accelerates
cost estimation for the project and makes it more
accurate, Helps in resource allocation and
making storage plan (procurement plan) for
projects, Provides visual representation of
project model, Helps in energy saving,
understanding project different plans (execution
plan, logistic plan, safety plan, etc.), applying
sustainability features for the project, (William

Michael Duke, 2013) examined that BIM
benefits usually result in decreased cost,
decreased time, increased quality, or a

combination of the three. The main benefit BIM
offers any project is increased collaboration. By
using BIM, project teams can more effectively
communicate with one another and create
innovative and optimized solutions. While
creativity is encouraged in construction,
(Kiavash Parvan, 2012) proposed a model has
the potentials to include other project factors
such as project size, construction type. He
examined that among all parties who are
involved in the design process; architects are
exploiting BIM more than the others. The MEP
design also is shifting fully to BIM. (Hammad,
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Rishi, and Yahaya, 2012) researched how to
mitigating construction project risk using
Building  Information  Modeling  (BIM).
Mitigating risk in construction projects has been
considered as an important attempt to achieve
the project’s objective in terms of time, cost,
quality, safety, and sustainability. (Darrell
Ernest Thompson, 2012) researched quality with
BIM in Texas. The findings regarding the
Quality BIM revealed 40% were not engaging in
the use of the Quality BIM at all and 60% were
suggesting the use or familiarity of the Quality
BIM ranging from some use\awareness
moderate  use\awareness, and  extreme
use\awareness. However, those truly engaged in
utilizing Quality BIM accounted for 22.1%
while the remaining 87.9% were not fully
engaged in the use of Quality BIM. (Kamal
Shawky, 2012) always say, two software's are
essential and are the most important two-
dimension software in the world, and it operates
its style and technology. The Revit is the most
important software in the modern era that uses
BIM technology, so the user should have
sufficient knowledge of both software, beginner
AutoCAD and advanced Revit. Therefore, | do
not encourage leaving AutoCAD completely and
move on to Revit, but instead develop our
knowledge, experience, and proficiency by
learning Revit along with AutoCAD, when the
world dispenses AutoCAD completely, at that
time I will tell you to forget AutoCAD.

4. Research Methodology

The reason for this paper is to show the
returned benefits and constraints of using BIM
in the construction industry. The methodology
used for this research approach depends on a
detailed literature review; a field survey. The
questionnaire covers how to deal with the
implementation of building information
modeling BIM in construction projects with
viewing charts to view the percentage of
implementation of BIM in Egypt. Then, the case
study to cover the role of Building Information
Modeling BIM in dealing with the project
management and provide 4-Dimensions and 5-
Dimensions models to view the difference in



time and cost with and without using BIM.at the
end the paper discusses the Conclusion.
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fig. 1 Large scale BIM lifecycle information view.

Questionnaire Survey

5.1. Survey Population Selection and Sample Size

Calculation

The sample is of a limited extent that goes
about as a representation of the absolute focus on
the population. The focus of this research is to
examine how incorporated organizations' classes
1&?2 as indicated by the Egyptian Federation of
Construction and Building Contractors consider
the use of BIM.

Equation 1 — Cochran Formula

N=(P*Q*Z"2)/C"2

Where: N = the first estimate of sample size,
Z = 1.96 for 95% confidence level, P = 0.5%
selecting a choice, C = 0.09 margin of error 9%,
Q=1-p

Equation 2 — Solv in's Formula

NO = N/ ((1+N(C"2))

Where: N = Total population

According to The Egyptian Federation of
Construction and Building Contractors which
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located in Nasr City in Cairo. The number of
building contractor category 1 is 218 contractor
companies, the number of building contractor
category 2 is 187 contractor companies and the
number of building contractor category 3 is 286
contractor companies.

A survey is developed for category 1 and
category 2 from the building contractors so,

N =218 + 187 = 405 contractor companies.

NO = 405 / ((1+405(0.09) ~2)) = 94.615
contractor companies.

Take sample size
companies.

100 companies are selected as a sample.

There were 130 copies of questionnaires
distributed to the potential respondents in the
organizations within the construction industry.
Different ways used to distribute questionnaires:
(Delivered for the number of companies directly
through a meeting with their engineers-
Delivered to different companies by

of 95 contractor

email. Questionnaire was created in a survey
website to be easier to reach different
companies-a copy of the survey and its link was



put in public media outlets like groups for BIM
engineers at different pages to collect random
responses of the 130 questionnaires, 100 copies
(70 percent) returned and there were 86 copies
(86 percent) from the contractor and 14 copies
(14 percent) from consultants. The collected
questionnaires were reviewed and analyzed by
the SPSS (Statistical Package for Social
Sciences) program.

Cronbach’s a coefficient. This technique is
utilized to gauge the unwavering quality of the
poll between each segment and the mean of the
considerable number of classifications of the
survey. The ordinary scope of Cronbach's o
coefficient is somewhere in the range of 0.0 and
+1.0, and the higher qualities mirror a higher
level of interior consistency. The general
dependability of all gatherings approaches
0.897. This range is viewed as high, and more
noteworthy than 0.70. Along these lines, the
unwavering quality of the survey is guaranteed.

Reliability Statistics
Cronbach's Alpha
.897 100

N of Items

5.2. Results and Data Analysis
5.2.1. Does Your Company Currently
Implement BIM?

As seen Fig. 2, 75% of the total respondents
did not implement BIM in their companies, 23%
of the total respondents implemented BIM in
their companies and 2% of the total respondents
will implement BIM soon. That means that 77%
of all respondents did not use BIM yet.

The companies which apply BIM in Egypt
are (Orascom Construction-IBIMS(Integrated
BIM Services)-CCC Consolidated Contractors
International ~ Company-Dar  Al-Handasah-
Talent Engineering Company Egypt-SIAC
Construction-EHAF  Consulting  Engineers-
Hassan Allam Holding-The Arab
Contractors(Alex  branch)-Rowed = Modern
Engineering-REDCON  Construction-Dorsch
International Consultant-Arabian International
Company AIC-Gama Construction-DMG Dar
Al Mimar Group-Zuhair Fayez Partnership-Al-
Marasem International For Development-

Khatib&Alami-UECC  United Engineering
Construction Company-Saudi Diyar Consulting-
ECG Engineering Consulting Group-Petrojet-
ENPI).

Companies implemented BIM

75%

100% 23% 2%
0% I

B Companies implemented BIM

Fig. 2- Implementation of BIM
5.2.2. The effect of the implementation of
BIM on preparation of tender and
contract documents:

As seen in Fig. 3, 12% of the total
respondents say that the implementation of BIM
had medium effect on preparation of tender and
contract documents which represent 52% from
who implemented BIM, 8% of the total
respondents say that the implementation of BIM
had a low effect on preparation of tender and
contract documents which represent 35% from
who implemented BIM and only 3% of the total
respondents say that the implementation of BIM
had a high effect on preparation of tender and
contract documents which represent 13% from
who implemented BIM. That means that more
than 50% of the companies which implemented
BIM suggested that the effect of BIM system on
the preparation of tender and contract documents
is medium and the remaining of those who
implemented BIM suggest BIM had no effect on
the preparation of tender and contract
documents.

Effect of BIM on preparation of tender
and contract documents

100% 2% 35% 13%
0% - | —
Medium Low High

M Effect of BIM on preparation of tender
and contract documents

Fig. 3- BIM and preparation of tender and
contract documents.



5.2.3. The effect of the implementation of

BIM on the cost of the lifecycle:

As seen in Fig. 4, 14% of the total respondents
said that the implementation of BIM had a
medium effect on the project lifecycle costing
which represents 60% from who implemented
BIM and 9% of the total respondents said that
the implementation of BIM had a high effect on
the project lifecycle costing which represent
40% from who implemented BIM.
Effect of BIM on the cost of life cycle

60%

100% 40%
0% [ —
Medium High

M Effect of BIM on the cost of life cycle

Fig. 4- BIM and project lifecycle costing

5.2.4. The effect of the implementation of

BIM on identifying and developing
responses to risks:

As seen in Fig. 5, 12% of the total respondents
said that the implementation of BIM had a high
effect on identifying and developing responses
to risks which represent 52% from who
implemented BIM and 11% of the total
respondents said that the implementation of BIM
had a medium effect on identifying and
developing responses to risks which represent
48% from who implemented BIM. That means
that approximately 50% of the companies which
implemented BIM suggested that the effect of
the BIM system on identifying and developing
responses to risks is high.

Effect of BIM on Identifying and

developing responses to risks

52%

60% 48%

50%

209% || _—
High Medium

B Effect of BIM on Identifying and
developing responses to risks
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Fig. 5- BIM and identifying and developing
responses to risks

5.2.5. The effect of the implementation of

BIM on analyzing proposed outcomes:

As seen in Fig.6, 13% of the total respondents
said that the implementation of BIM had a
medium effect on analyzing proposed outcomes
which represent 57% from who implemented
BIM and 10% of the total respondents said that
the implementation of BIM had a high effect on
analyzing proposed outcomes which represent
43% from who implemented BIM.
Effect of BIM on analyzing
proposed outcomes

100% 57%

43%
o R .
Medium High

B Effect of BIM on analyzing proposed
outcomes

Fig. 6- BIM and analyzing proposed outcomes

5.2.6. The effect of the implementation of

BIM on valuing completed work and
arranging payments:

As seen in Fig. 7, 12% of the total respondents
said that the implementation of BIM had a high
effect on valuing completed work and arranging
payments which represent 52% from who
implemented BIM and 11% of the total
respondents said that the implementation of BIM
had a medium effect on valuing completed work
and arranging payments which represent 48%
from who implemented BIM.
Effect of BIM on Valuing completed work
and arranging payments

52%

60% 48%

50%

0% I -
High Medium

B Effect of BIM on Valuing completed work
and arranging payments



Fig. 7- BIM and valuing completed work and
arranging payments

5.2.7. The effect of the implementation of

BIM on clash detection during the
design phase:

As seen in Fig. 8, 18% of the total respondents
said that the implementation of BIM had high
effect on clash detection during the design phase
which represents 78% from who implemented
BIM and 5% of the total respondents said that
the implementation of BIM had a medium effect
on clash detection during the design phase which
represents 22% from who implemented BIM.
That means that approximately 78% of the
companies which implemented BIM suggested
that the effect of the BIM system on clash
detection during the design phase is high.

Effect of BIM on clash detection during
design

100% 78%

50%
22%

Medium

0%
High

B Effect of BIM on clash detection during
design

Fig. 8- BIM and clash detection during the
design phase

5.2.8.

As seen in Fig. 9, 13% of the total respondents
implemented from (1 to 5) projects with BIM
which represent 57% from who implemented
BIM, 8% of the total respondents implemented
from (6 to 10) projects with BIM which
represent 35% from who implemented BIM and
2% of the total respondents implemented from
(11 to 15) projects with BIM which represent 8%
from who implemented BIM.

Projects implemented BIM in them:

14

Projects implemented with BIM

60%
50%
40%
30%
20%
10%

0%

57%
8%

[

From(1 to 5) From(6 to 10) From(11 to
15)

B Projects implemented with BIM

Fig. 9- Projects you implemented BIM

6. Model Verification

This paper included one case study explained
in detail. The following case study displays the
difference between executed the project with the
traditional method and with applying BIM
technology on it and showed the effect of
applying BIM to controlling risk in construction
projects especially in the design phase. Case
study el-sheik Zaid Al Nahyan Nasr road
Hospital.

A case study is presented in a hospital
located in Egypt is considered for this purpose.
The hospital has a capacity of 150 beds with a
total area of 27500 square meters. The main
hospital building is a basement, a ground floor,
and five floors, with a floor area of 2000 square
meters, in addition to the service buildings. It is
a cylinder store, the ground reservoir, the pump
room, Boilers, medical gases, fences, and

general site coordination. The hospital cost
approximately = 118,000,000EGP.
6.1. 2D Model from
(Traditional Way)

In the traditional way, the plans showed by
AutoCAD programs it is a 2-dimensional model

AutoCAD



Fig. 11- El Sheikh Zayed 2-Dimensional model elevation from AutoCad

3D model from Revit (BIM)
In BIM technology the plans showed by Revit program in 3-D models. It's very clear and easy to
be clear for all the stakeholders.

Fig. 12- El Sheikh Zayed Hospital 3D models from Revit
From 3D model extract details for the construction component shown in figures below.
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Fig. 13- El Sheikh Zayed Hospital 3D section from Revit

From the received 3D model, the contractor
starts to extract some needed data about each
element of the project. Such as, bill of quantities,
schedules and shop drawings data will be
available in the model and can be extracted
quickly.so, these data are collected in a table
extracted from the BIM model.

6.2. Clash Zone at Design PhaseThe 3D
model most benefit is Clash Detection such as:

e Eliminate defects and conflicts during design
and modeling.

e Eliminate defects and conflicts during the
overlap between systems of the project like
(civil, architect, electrical, mechanical, etc.).

® Reduce cost and time consumed in correcting
the defects appeared in the construction phase
and instead correct it early in the design phase.

e Increase the overall productivity of the project.

e Have a trusted one model for the project to
transfer it to the parties of the project,
(Bloomberg, (2012)).

e Fire Protection Systems vs. Electronics
Systems, (Bloomberg, (2012), Campbell,
D.A., (2007).

16

e Different sorts of conflict may include the
booking of contractual workers, the
conveyance of hardware and materials, and the
general course of events clashes. These are
frequently alluded to as 'Work process or 4D
conflicts'.

6.2.1. Clash zone and Clash detection:

According to the poor communications
between the stakeholders, there are a lot of
clashes happened between their works like the

clash shown in figure 14, 15 and figure 16

showed how to resolve it.

Fig. 14- Hospital BIM modeling-MEP
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Fig. 15-3D model for the hospital MEP system
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Fig. 16- Zayed hospital MEP modeling plan

6.2.2.  Clash detection steps:

o Import 3D Revit files into Naviswork.

o Press the Clash Detective tool to test conflict
performing in Naviswork programming

® Snap-on the 'Select' tab that is situated inside a
conflict analyst device in Naviswork
programming as observed in fig.17.

® Autodesk Naviswork consequently gives Figl7.  Clash  report  generated by
Naviswork

status to each conflict for sometimes later. So,
after that the Clash Detective apparatus that :
continues refreshing the status of the conflicts Bacres
after they are distinguished and is recorded :
inside the Results tab as observed in fig.18.

’ Fig.18.Clash Detective showing the results

17



6.3. 4D BIM model with Navies work
program (Time schedule)
The 4D model is the combination of the 3D
model and the schedule of the project.
Achieved benefits from combining of 3D
model and time in El Sheikh Zayed Hospital
Project:
e Coordinated  timelines  of
operation between all systems.

o \What-If-Scenarios/hosting of alternatives.

construction

® Availability of materials of each activity
before the start date.

Developing a time schedule model with the
Navies work program by connecting with the
Revit model that model is more accurate and
solves a lot of problems.

The following images show the steps of
some weeks of the project in details and showing
the overlap of the works that happen at the same
time in the different zone in the project. Daily
activities taking place during the project is
reflected as shown below with previews of
works done in the project.
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The BIM 4-dimensional model shows every day
in the project life cycle and the percentage done
in every activity every day.

The 4D model shows that the construction of all
units without finishing took 114 weeks
approximately 2 years and the finishing for all
types took 21 weeks

6.4. Bill of Quantities (BOQ)
The traditional method calculated of the Bill of
Quantities (BOQ) shown in Table 1 and defining
alternatives on the application and exported

quantities from Revit files.
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Table.1.Case study BOQ by traditional method

Risk analysis summary report

Activities classifications

Duration Index ()] =
Duration/Original Planned Duration
Duration Index (DI) for the project = Actual

Actual

Duration/Original ~ Planned  Duration =
1890/1095= 1.726
Cost Impact % = (New cost-Previous
cost)/Previous cost

New cost=  (242,000,000+118,000,000)

=360,000,000 EG.P

Cost Impact %=( (360,000,000-
242,000,000)/242,000,000))*100= 48.76%
According to the contract: The amount of
liquidated damages for delay in completion of
sections is calculated as the following:

1- (EGP 24,200 per day shall be applied for each
day of delay up to ten days).

2- (EGP 36,300 per day shall be applied for each
day of delay after ten days up to 20 days).

3- (EGP 48,400 per day shall be applied for each
day of delay after 20 days).

4- Liquidated damages not to exceed 10% of the
contract price.

The main cause of delay for AL Nahyan Hospital
is the Revolution in Egypt on 25 January 2011
and this problem no one can expect or avoid it
and because of that, the Cost Impact is very high
and not acceptable. The total delayed date is 795
day but only 90 days can be affected by
implemented BIM technology.

ID Risk Identification Cost impact Delay(date) BIM
(L.E) (Day) model
Revolution 99,150,000 -418 No
effect
Site Condition
The delay in starting the project 9,000,000 -180 No
is a wrong result in the effect

determination of the soil and the
presence of rocks and the work
of 3000 pumps, which led to
breaking some drainage pipes

Poor communication and coordination



1 A clash between Air
conditioning and windows and
doors of the architect

2 A clash between drainage pipes
and beams

3  Lack of shop drawings

4 Lack in receiving BOQ

Delay due to late in delivery
Delay in supplies

(6}

Changing orders

6 Change the walls of the
radiology rooms from ordinary
walls to lead walls

7  The Ministry of Health during
the completion of the ground
floor said the list has changed
and must move outpatient clinics
from the ground floor to the first
floor

Delay due to errors

Brickwork to roof level
Total (without BIM)
Total (with BIM)

BIM Saved

Table 2. Risk summary report

605,000(10*24,200+10*36,300) -20 3D
968,000(20*48,400) -20 3D
484,000(10*48,400) -10 3D
387,200(8*48,400) -8 3D
3,000,000 60 No
effect
726,000(15*48,400) -15 3D&5D
532,400(11*48,400) -11 3D&5D
290,400(6*48,400) -6 4D
118,000,000 -795
114,007,000 -705
3,993,000 90

The difference between the traditional method and applied BIM technology achieved from the result

of Implemented BIM in the case study

Traditional method

Programs AutoCAD 2D
Primavera

Data Not accurate

Drawings Traditional drawings

Cost Estimate Take long time

Stakeholders Difficult to connect

BOQ Take long time and not
accurate

Clashes Not detected

Cost overrun More cost

Time overrun more time

BIM

Revit

Naviswork

Extract more accurate data
Enhancing the coordination
and integration between the
drawings

More accurate

Enhancing the collaboration
between the stakeholders

Fast and more accurate

detected
Save cost
Save time

Table 3.Comparison between traditional method and BIM
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7. Discussion

7.1. The
Discussions

Questionnaire Results

The questionnaire consisted of 2 parts
(questions for engineers used BIM-questions for
engineers didn't use BIM) and the most
important result from it is as follow:

e Approximately 50% of the total respondents
did not have a team management that faces the
projects in their companies.

e Approximately 67% of the total respondents
dealt with problems which face the project
during the project periodically in their
companies.

e Approximately 77% of the total respondents
did not use BIM in their companies.

e Approximately 9% of the total respondents
said that most important benefit of using BIM
in their projects is cost-saving and quality
control, 8% of the total respondents said that
most important benefit of using BIM in their
projects is quality control, saving time, saving
money, and achieving safety (all of them), 6%
of the total respondents said that most
important benefit of using BIM in their
projects is quality control.

From analyzing the data, the following
discussion is obtained on checking whether the
results are expected or unexpected, comparing
these results to the previous work
7.2. The Case Study Results Discussions

e The results of the case study discuss the
difference between the traditional methods and
applying Building Information modeling BIM
at the construction projects in all stages. As
shown in the table below. The spread of BIM
in Egypt is still limited and has many

restrictions. Some big companies only
implemented BIM such as
EHAF, Palm Hills and ECG. In the 3-

Dimensional model clash detection is the most
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benefit of used BIM that controlled cost and
time. In the 4-Dimensional model the rework
and any change in time schedule applied so
easy to the model.

e Control the Poor communication and
coordination
- Clashes  between Sanitary and

electrical in facility building at twelve
positions, everyone takes one day to
defect.

- Clash between Structure and MEP in
facility building.
- Lack of shop drawings.
e Control the Delay due to design error.

- Wrong in calculating column initial
duration.

- Lack of slabs due to the columns lack.
e Control changing material type.

- Change order from the traditional to
FRP.

- Change interfaces from traditional to
stone.

e Control the Rework due to errors during
construction.

- Order to execute second-floor column at
the same time the under a slab is
demolition.

8.

- It was clear from the case studies that any
construction project faces many errors
during the designing phase that may have an
effect on the project time, cost and quality
which could lead to inefficiency and
disappointing results. However, the project.
However, using some of the BIM features in
project phases especially from the start of
any project helps in avoiding these errors and
leading to more efficient project.

Conclusion

- Based on the application of the 3D model, it
is evident that it is effective to use a 3D
model in all the project stages. In these case



studies using the 3D model was very
significant in solving the problems caused
due to applying the traditional method and
the focus on the clash zone which can be
limited with using 3D model and build an
effective connection with every section in the
project( civil, architecture, mechanical,
...etc.).

Based on the application of the 4D model, it
is evident that it is effective to use a 4D
model in both the design and the construction
phases. The simulation of the 4D model
makes every day in the project very clear and
accurate.

Based on the application of the 5D model, it
is evident that it is effective to use a 5D
model in both the design and the construction
phases and also after project delivery. It is
also proved that some of the BIM benefits in
the first case study will positively affect
project's overall cost and time.

It is concluded from the case study that BIM

is an integrated process that includes all
implementation steps from the start to the
delivery of any project. It is also useful in
establishing a controlled system that
provides follow-up on all steps of the project
and help in achieving the owner's goals.

With BIM we can successfully increase labor
productivity, thereby lowering its net cost,
changed or reduced the amount of materials
used and wasted on a job site to lower their
net cost.

BIM has the potential to provide us with far
more efficient operation, not only as part of
design and construction but also in
operations and maintenance. Accuracy is
another main reason.

After applying BIM in the project as case
study, it is evident that the large and complex
projects such as (large compounds-
hospitals) are more affected than small ones
such as (mini compounds) as shown in figure
23.
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Fig.23. the Percentage of applying BIM
technology on different construction
projects

Recommendations

Higher coordination between the
departments of the project led to the
discovery of problems before the start of
implementation and resolved during the
design phase and thus avoid the problem of
non-compliance with the time schedule for
the project and extending the period of the
project more than once.

Avoid problems resulting from the
continuous modification of the project,
which presents the project for an additional
cost of extra time. Now the whole
amendment is in record time and
coordination between all parties to the
project

Continuous communication between the
parties to the project. This technique made all
the details of the project and clear by
everyone.

Great to take advantage of the technology
BIM has to be applied properly between the
parties involved in the project and take action
to support that training, coordination and
identification of tasks and setting standards
are working out and follow-up.

code provides the best way to practice,
develop and organize information and help
designers prepare the information before
passing it to the implementation team
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Appendix A
Research Title:

Building Information Modeling BIM as a
Development tool for the Management of
Construction Projects

The Purpose of This Survey:

The purpose of this short survey is to begin
to gather information about the effect of
implementing Building Information Modeling
BIM on the mitigation of construction project
management during all phases of the project in
Egypt.

The results of this survey will be summarized
in a report that will be shared with all
respondents in  appreciation  for their
participation.

1. Does your company currently use BIM, or

is it intending to use BIM in the near future?

- Yes -No -

Will be implemented soon

2. In what way do you

implementation of BIM will

following key tasks performed?

a. Preparation of tender and contract documents

(Low — Medium — High)

b. Cost analysis and lifecycle costing

(Low — Medium — High)

c. ldentifying and developing responses to risks
(Low — Medium — High)

d. Analyzing proposed

(Low — Medium — High)

e. Valuing completed work and arranging

payments (Low — Medium — High)

f. Clash detection during a design phase

(Low — Medium — High)

3. How many projects did you implement

BIM?

- From(1 to 5)

-From(11 to 15)

think the
affect the

outcomes

- From(6 to 10)
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Abstract

Schools are the most important buildings that
affect the generation’s way of thinking and way
of living. Egypt is one of the countries that
experience many problems in its current design
practices in their school building’s design
strategies. Most of the schools are neglecting the
impact of linking classrooms with outdoor
spaces on the student’s behavior and way of
learning. Students need to feel free, relaxed and
motivated in order to be more effective and
productive. There are various types of interior
designs that could enhance the classroom’s
interior space, so that it can be more comfort and
interesting to students. Biophilic design is one of
the sustainable design solutions that could
maintain the ability of having indoor spaces
linked with the outdoor space through the use of
plants, daylighting, textures, materials and
colors. The aim of this research is to propose a
set of strategies for integrating Biophilic design
to enhance students’ performance in exiting
primary schools in Egypt. The methodology
adopted is divided to three parts. The first part
will define the Biophilic design and its impact on
the student’s health and performance. The
second part will clarify the Biophilic design
elements and frameworks to identify the suitable
elements for the classroom’s interior design. The
third part will discuss the design considerations
to implement these elements in the classroom’s
interior design. According to the three parts the
final conclusion will specify a matrix linking
between the Biophilic design strategies and the
student’s health and performance. The result
expected from the matrix will identify the
suitable Biophilic design strategies to be
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implemented in the school’s classrooms to
enhance the student’s health and performance.
Keywords: biophilic design, indoor green
spaces, education in Egypt, design strategies,
student’s performance

1. Introduction

Education is one of the main process that has a
big influence on the environment. So that
enhancing the schools design strategies should
be taken in consideration. The design of the
school’s interior spaces affects the students’
performance. Therefore, classrooms should be
designed in a manner that stimulates, comforts
and, cheers students (Kahn, 1997; Kaplan &
Kaplan, 1998; Kellert, 2005; Kellert & Wilson,
1993). They need spaces that will make them
more effective, more excited and full of power
(Griffin, 2004). In Egypt, school designs are
based on traditional designs, which eliminates
the idea of feeling the surrounded environment
through the indoor spaces “classrooms”.
Students should be exposed to nature and this could
be done by implementing new sustainable
design strategies for the school classrooms. This
research will introduce one of the sustainable
designs “the Biophilic design” that can be
implemented in local actual school’s conditions.
This design can have a positive impact on the
student’s mental and physical health. Students
are affected physically by enhancing their
physical activities, reduces the blood pressure,
improved the sense of comfort and satisfaction,
reduces the signs of illness and improved their
health. Mentally by their behavior, attendance,
attention and concentration. They are
emotionally improved by releasing the stress
with calmness and relaxation.



2. Biophilic Design and its importance
According to Kellert and Finnegan study in 2011
Biophilia is defined as the innate biological
connection between human kind and nature. The
Biophilic design also has another definition a
process that can translate the meaning of the
attraction of the human to the natural
environment into the design of the built
environment (Wilson 1984, Kellert and Wilson
1993). Kellert and Elizabeth in 2015 proved that
applying the Biophilic design in the educational
spaces will affect the student’s mental and
physical behavior; by allowing the students to
feel the nature inside the classrooms. Moreover,
the implementation of the Biophilic design is an
affordable process that can be used in different
school’s standards; international or even public
schools. For example, something as simple as
plants that can be spread in a room, positively
change the student mood and provide the feeling
of being surrounded by the nature inside the
room. In addition to other Biophilic aspects that
can be used in the school’s buildings such as
covering the roofs with green, creating large
windows to allow the natural daylighting to enter
the space and provide an access to the outdoor
environment.

2.1. The impact of Biophilic design on
the students’ health and
performance

The Biophilic design has a great impact on
students. According to the studies, the experts
have proven that the student’s health,
performance and mentality are positively
influenced by this design strategies (Kellert and
Elizabeth, 2015). As there are a strong relation
between the nature and the human body systems.
These body systems are defined briefly into
three senses that are mainly affected the stress,
the cognitive functionality and performance and
the mood, emotion and preference, and the
physiological health and wellbeing as shown in
(table 1). Each of which will be explained in
more detail in the coming sections.

2.1.1. Cognitive functionality and
performance
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The cognitive function enhances the student’s
memory restoration, ability of thinking and
learning. In addition it has the ability to increase
the student’s attention, which is required mainly
for tasks such as filling paperwork, reading and
carrying out calculations or analysis (Kellert
2008). However, the students are under pressure
to have a high concentration which requires a lot
of energy consumption and high attention and
this may cause weakness in their mentality and
unusable cognitive resources (Van den Berg
2007). Therefore, having a direct connection
with nature can provide some mental restoration
and this helps in increasing the brain’s capacity
to focus on tasks.

2.1.2. Mood, Emotion and
Performance

Research indicates that the experience of nature
inside the classrooms, has a great impact on the
student’s psychological mentality (Alcock,
2013). The psychological part includes their
adaptability, emotion and mood. The natural
environment can reduce the student’s ability for
being tension or having anxiety anger,
hesitation, exhaustion and the whole mood
disturbance (Barton & Pretty, 2010; Hartig,
2003). Adapting the Biophilic features inside the
classrooms can affect the student’s mood by
implementing some natural features. The
students can feel happier and relaxed through the
sense of nature inside the room by the use of
some plants such as green walls, pots of flowers
or even some portraits with natural pictures on
the walls (Hartig, 1991).

2.1.3. Psychological Health and

Wellbeing “Stress reduction”
The human physical reactions includes the sense
of hearing, breathing through the respiratory
systems, daily systems and total physical
comfort. The reaction of the physiological
respond to the nature may cause the relaxation of
the muscles, reduces the blood pressure and
cortisol is a hormone of stress in the blood flow
(park, 2009). Therefore, allowing the natural
environment design in the built environment
have the ability to reduce the psychological
stress (Steg, 2007).
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Table 1. Conclusion for the Biophilic
design impact on student's health and
performance (Terrapin Bright  Green
,2014).

3. Biophilic Design Elements and

Stress Cognitive Emotion, mood
Reduction = Performance & Preference
Reduce Improve  Improve mental
stress = performance health
Lower Increase Positive
Blood attention of emotional
pressure exploration response
Increase Increase = Positive impact
visual = concentration on attitude
comfort

Lower Improve Improve
heart rate memory perception of
restoration = special pleasure
Improve
comfort and
safety
Strong pleasure
response

Frameworks

Kellert, Elizabeth, and Terrapin Bright
Green were the first to introduce the Biophilic
design strategies, principles, elements and
attributes. In order to define a framework for
the designers to apply the Biophilic design to
the built environment. Kellert framework was
provided to demonstrate the Biophilic design
in six elements and 72 attributes. The second
framework was developed by environmental
consulting and strategic planning firm
Terrapin  Bright Green (2014). This
framework discussed the Biophilic design in
principles that combines the nature with the
built environment. The third framework was
developed in 2015 by Kellert and Elizabeth
as they updated the first framework of
Kellert. This new framework identifies three
categories for the experience of nature and
clarifies 24 elements. This research will focus
on the third and the last updated framework
as it enables designers to more focus on users’
physical, mental, or psychological well-being

by using the 24 attributes through the space
rather than only focusing on natural
characteristics.

3.1. Developed Biophilic Design: The

Kellert & Elizabeth Framework
In 2015, Kellert and Elizabeth updated
framework based on Kellert’s first introduced
Biophilia framework. This new framework had
three categories of experience of nature,
classified into 24 attributes of Biophilic design
experiences. Three kinds of natural experience
called the direct experience of nature, the
indirect experience of nature, and the experience
of space and place, which are then classified into
24 elements .This research will focus on some of
these elements that can be implemented in the
classroom’s interior design to enhance the
student’s  performance. The  highlighted
elements inside the table below shows the
chosen elements to be discussed in this

research.
Table 2. Experiences and attributes of Biophilic
design (Adapted by Kellert & Elizabeth,

2015)
Direct Indirect Experience of
Experience = Experience of Space and Place
of Nature Nature
- Light - Image of - Prospect and
- Air nature refuge
- Water - Natural - Organized
- Plants materials complexity
- Animals - Natural Colors = - Integration of
- Weather - Simulating parts to wholes
-Natural natural light and = - Transitional
Landscapes = air spaces
and - Naturalistic - Mobility and
Ecosystems = shapes and wayfinding
forms - Cultural and
- Natural ecological
Geometries attachment to
- Biomimicry place
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3.2. Biophilic design elements in the
classroom’s interior design

This part will clarify the Biophilic design
elements that are chosen to be implemented for
this type of buildings “schools” interior design,
and how it can be adapted to enhance the
student’s health and performance. Knowing that
there are other elements that can positively
affects the student’s performance as well. These
elements are: Air “natural ventilation, daylight,
plants and natural landscapes and ecosystems as
a direct experience of nature. Natural colors,
natural materials, Image of nature and
naturalistic shapes and forms as an indirect
experience of nature. Mobility and wayfinding

as an experience of space and place.

3.2.1 Natural Ventilation

Air is the Natural ventilation, which can have
a great impact on human comfort and
productivity. There are various ways of
ventilation that can be experienced inside the
building; variation in temperature, humidity,
airflow and barometric pressure. This could be
done through the use of windows or more
complex engineering strategies in order to have
an access with the outside environment
(Alencar, 2010; Kellert, 2005).

3.2.2. Daylighting

There are different studies that allows the
using of daylight strategies in classrooms and
determined the student’s impact. For example, a
study by Yacan (2014) shows that there is a huge
impact on the student’s behavior and cognitive
skills, due to the effect of the daylight on the
students in the classrooms. Gelfand and Freed
have also asked for the use of daylight in
classrooms in order to allow the students to
connect with the outdoor environment to
enhance the student’s and teacher mood (2010).
Figure (1) shows an example for daylighting in
a classroom, Carshalton, UK
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Fig. 1:Daylighting in a classroom, Carshalton, UK

(Gower,2019).

Design considerations according to (Gower,
2019).

e Maximize the size of the Windows.

e It could be placed on either sides or on the
ceilings.

e Place the seating and tables close to the
windows to make the best natural
daylighting.

e Move any storages located near the
windows, to increase the use of daylight in
the spaces.

e  Open any shades or remove any signage or
artworks that is able to block the daylight
from entering.

3.2.3. Plants

Other studies have observed the impact of the
use of the interior plants in classrooms on the
student’s performance and perceptions (Doxey,
Waliczek, & Zajicek, 2009). According to these
studies they concluded that classrooms with
plants is able to increase the rate of performance
of the students and enhancing the teacher’s
feelings by being more involved (Doxey,
Waliczek, & Zajicek, 2009).Actually, these
studies was able to advise the use of Biophilic
design elements inside the classrooms
indifferent ways to positively affect the students.
The plants can be adapted in the classrooms
through the use of green pots, green walls or
even cladding the floors with green patterns as
shown in (figure 2).



Fig. 2: Classroom design by Stephen Gower in 2019.

3.2.4. Landscapes and ecosystems

People usually have a strong inclination toward
the natural views over the urban landscapes, as
it seems more positive to their emotions and
psychological states. In order to increase the
linking of natural views in the classrooms,
windows should allow the students to be able to
watch an urban science including trees and other
vegetation. According to the expert’s analysis,
they clarified, that the movement of the natural
views seems to be more positively than the
mechanical movement and shifting our attention
to something natural is beneficial for attention

restoration (Stephen Gower, 2019).

3.2.5.Natural Colors

According to the experts color is the third most
influential element on students’ behaviors in
special classrooms behind daylighting and
window views. For current the most used colors
in schools are the white and brown; white for the
floors and ceilings, brown as most of the
classrooms are wood. Colors allows the students
to feel comfort and relaxed and behave as if they
are staying at home. There are two types of
colors; warm colors and soft colors as shown in
figure 3) (Gower, 2019).

Woare ok nhad

Cond cadw nlad

Fig. 3: warm and cool color wheel (Gower, 2019).
Some of the experts clarified that it is better
to use the soft, warm and calm colors than the
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cool, dark and high saturated colors in schools.
As the harmony of warm colors is able to
provide the students with comfortable
atmosphere. Moreover, the interaction of the
colors with the daylighting, allows the
atmosphere to positively affect the teachers
perceptions, not only the student’s ability of
learning (Gower, 2019).

Design considerations:

e Use warm and calming natural harmonies

tones of color pallets (Miller, 1997).

e Use colors that affects the emotions
(Birren, 2006), as shown in figure (4).

Blue: closr sky or claan water -
CoIrg v rekaang

cEnirg aest regtoralive

R e

,-‘5.:!@-.:’. PO

Red: healthy ripe fruits -

Fig. 4: Colors that affects the emotions (Birren,
2006).

3.2.6.Natural Materials

According to the reference of the Biophilic
natural materials and patterns, textures or colors,
when they are inspired from the nature they can
affect our feeling with positive physiological
effect. For example, the use of wood in the
interiors can be able to decrease the blood
pressure and maximize the feeling of comfort
(Tsunetsugu, miyazaki & Sato 2007). Wood can
be used in classrooms; in desks, chairs, flooring

and shelves (Gower, 2019).

3.2.7. Image of Nature

Image of nature is an indirect way to feel the
nature features; plants, water, animals, through
the use of portraits, paintings, photographs,
sculptures and other means of art (Alencar,

2010).


https://journals.sagepub.com/doi/full/10.1177/2158244014525423

3.2.8.Natural shapes and forms

Naturalistic shapes and forms could be used on
the decoration of the Building’s interior or
exterior facades. In case of maintaining the
Biophilic design it should be inspired from
nature; for examples shapes of animals or plants
as patterns on an exterior facade or a column.
The creation of these shapes could be able to
transform a space from a static state to a dynamic
living system with a spiritual feeling of
movement (Alencar, 2010; Kellert, 2005).

3.2.9.Mobility and wayfinding “Space
Layout”

Mobility and wayfinding is the way of
movement through the building is very
important to be easy and flexible, so that people
can feel comfort and satisfied (Kellert and
Calabrese, 2010). The flexibility of movement
can be adapted in the classrooms according to
the layout furniture arrangement. In practice,
one of the studies explained that a rectangular
layout increases space utilization, while a
circular  layout is useful for better
communication between students and the
teacher. They also demonstrated that when the
furniture was in a circular layout arrangement,
the students showed a sense of collaboration and
high concentration.

32

4. Research Method

This research adopts a mixed method
approach where both qualitative and quantities
approaches will be used into three parts. These
parts are the factors that affects the student’s
health and performance and they are collected
from the literature review according to the
studies and analysis to implement a checklist
matrix. In order to help the researcher or a
designer to identify the suitable Biophilic design
strategies to be adapted in the classroom’s
interior design to enhance the student’s health
and performance.
The first part analyze how stress affects the
student’s performance using Biophilic design

strategies. The second part analyze the student’s
cognitive performance through the impact of the
Biophilic design elements to enhance the
memory restoration, attention, concentration and
performance. The last part clarifies how the
student’s emotion, mood and preferences could
be affected from the Biophilic elements. The last
part identifies the Biophilic nine elements. The
three parts are grouped with the Biophilic design
elements deduced from the literature review in a
matrix. This matrix will be filled by the
researcher to deduct a guidelines to use the
Biophilic design elements in an efficient way to
enhance the student’s health and performance.
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Fig. 5: Final checklist (matrix) linked the Biophilic
design elements with the student's health and
performance according to the literature review.

5. Guidelines for integrating Biophilic
design elements according to the
matrix results.

There are different studies that has discussed

the Biophilic design frameworks and how it

affects the human health and wellbeing .On
the other hand, neither one of them focused on
the specific Biophilic design elements to be
adapted in the classroom’s interior design to
enhance the student’s health and performance.

This research aim is to provide a matrix

according to the literature review data that is
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able to help the designer to implement the
Biophilic design strategies in the classroom’s
interior design. The results of this matrix was
to identify the efficient Biophilic design
strategies and how it can be implemented in
the classrooms according to the student’s
stress reduction, cognitive performance and
emotion mood and preferences. The results
according to the matrix are classified into
eight points according to the Biophilic
elements; Landscapes and ecosystems,
Natural colors, plants, Natural ventilation,
daylighting, images of nature, natural
materials, natural shapes and forms and the
space layout. In order to implement the



suitable Biophilic design strategies according
to the student’s comfort and satisfaction.

Landscapes and ecosystems:
according to the literature review
data it has a great impact on the
student’s satisfaction. The
classroom’s seats should be oriented
towards the windows to allow the
students to feel the outside
environment through views of the
gardens. As the results of the matrix
clarified that the garden views as able
to lower blood pressure, lower heart
rate, improve performance, increases
the concentration and positively
affects the student’s mood (Brown,
Barton & Gladwell, 2013; van den
Berg, Hartig, & Staats, 2007).

Natural Colors: According to the
matrix it is better to use the soft,
warm and calm colors than the cool,
dark and high saturated colors in
schools. As the harmony of warm
colors is able to provide the students
with comfortable atmosphere due to
the studies of Gower in 2019.

Plants: There are two ways to use the
plants inside the classrooms either
natural plants in pots or artificial
plants. The use of natural plants and
flowers pots inside the classrooms is
better according to the matrix, as it is
able to enhance the air and
atmosphere inside the classroom and
increase the student’s productivity,
memory restoration and reduce the
stress. The matrix result was done
due to the studies of Heerwagen in
2006.

Natural ventilation: according to the
literature review data it is better to
use large size of windows on both
sides of the classroom to enhance the
natural ventilation (Gower, 2019). In

a space from a static state to a
dynamic living system with a
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addition to the matrix results, which
shows the impact of the natural
ventilation on the student’s comfort
and enhanced the concentration
(Heerwagen, 2006; Tham & Willem,
2005; Wigdo, 2005).

Daylighting: The research literature
review clarified the different ways to
implement the suitable daylighting.
This could be done according to
having skylight openings in the
ceilings, large windows on both sides
of the classroom, full height glazing.
According to the matrix using large
the size of windows on both sides
will be better than the other two
solutions to eliminate the sense of
glare and increases the visual
comfort. As the daylighting has a
great impact on the student’s
behavior and cognitive through the
increase of concentration, positive
emotional response and improve the
perception of spatial pleasure
(elyezadi, 2012; Kim & Kim, 2007).

Images of Nature: The results of the
matrix shows how to allow the sense
of nature indirectly by the use of
graphics that feature trees, leaves,
forests inside the classrooms. In
order to allow the students to feel
comforted and surrounded by the
outdoor environment. Therefore,
Images of nature is able to reduce the
student’s stress, improve their
memory restoration and increased
their attention according to the
matrix results due to the studies of
Berman, Jonides and Kaplan in 2008.

Natural materials: wood is the main
feature that is mostly used in the
classroom’s floors and furniture.
Wood can be used in classrooms; in

spiritual feeling of movement. The
matrix results shows that the use of


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929355/#R4

natural shapes and forms has a
positive emotional response due to
the studies of vessel in 2012 and Joye
in 2007.

e  Space layout: The matrix shows that
it is better to arrange the furniture in
a circular layout as it affects the
student’s sense of collaboration and
high concentration (Grahn &
Stigsdotter, 2010; Wang & Taylor,
2006).

6. Applicable Study

The chosen case study is an international
school called “Malvern Collage Egypt” one of
the high quality standard schools established
in 2016 and located in the New Cairo, Egypt.
The project is a large U shaped building
surrounded by a green area and large
swimming pool. The school education levels
starts from kindergarten till the high school
level. The criteria for choosing this school as
it is one of the few schools in Egypt that
adapted some of the Biophilic elements; it
focused on enhancing the student’s comfort
and satisfaction through the use of natural
design elements inside the classrooms. In
addition to the overall conditions of the school
design. In order, to be an example for other
schools to adapt a new design ideas in the
future to enhance the student’s comfort
The data collection was classified into two
steps . The first step of collecting the data was
a field survey to the schools’ campus to take
the possible photos for the primary classrooms
in the real conditions and taking notes. The
second step was using these photos and notes
to fill the deduced matrix in order to identify
how many element of the Biophilic features
are present. Finally, according to the filling of
the matrix, (table 3) will identify the Biophilic
elements that are present in the classroom and
what should be added to enhance the Biophilic
design natural elements inside the school.
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6.1. Biophilic elements guideline matrix

Biophilic
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Fig. 8: Malvern Collage Primary classroom.
Cool color wheel
Plants Potts of Flowers
and plants
Natural Windows on both
Ventilati sides
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Daylighti  Large size windows V/
ng
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Curtain walls “Full Fig. 9: Malvern Collage primary classroom from
height glazing another prospective
Images graphics that
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Mobility Rectangular
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wayfindi
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“Space layout
Layout”
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forms
Natural Natural wood ‘//
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6.1. Discussion and Recommendations
Table 5: Analysed the pressent Biophilic

elements and what are the recommended
elements to enhance the Biophilic design
inside the classroom ,according to the case
study filling matrix.
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7. Conclusion

This research aim to implement the
Biophilic design strategies and identify the
suitable and efficient way to be implemented
to enhance the student’s health and
performance inside the classrooms, through
the use of the deduced checklist (matrix) in
Egypt’s schools. The matrix was effective to
this research as it clarifies the efficient nine
Biophilic elements and how it can be adapted
to reach the highest satisfaction for the
student’s health and performance. In addition
to the use of Malvern College School as a case
study to show an example of one of the
Egypt’s schools that started to use the natural
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elements inside the classrooms to enhance the
student’s comfort. This case study was used to
support the aim of the research to start
implementing the Biophilic design elements
inside the schools. The Biophilic design
elements don’t based on the school quality
standard, they are sustainable elements that
are affordable to be used through different
types of schools (international or even public).
It is a new design strategy that started to be
used in all over the world and expected to be

more desired for the future.
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Abstract

University libraries are one of the most
important places that offer knowledge,
services and a suitable study environment. A
well-designed library space can have a great
impact on students’ performance and social
behavior. Daylighting is a controlled tool
that affects the perception, visual,
psychological comfort, and behavior of
library users. However, many of the current
university libraries in Egypt lack the
presence of efficient daylighting strategies
and without consideration of how daylight
affects students’ comfort. The group study
area, social gathering space, and private
reading space are three different areas in the
academic library with different usage and
different daylight distribution. This research
aims to identify a set of design strategies for
using  daylight to enhance users’
psychological condition, interaction with the
surrounding, and visual comfort in private
reading space, group study space, or a social
space, in the university libraries. The
research method will be based on four phases
starting with analyzing the different
strategies of daylight in a space. Followed by
discussing the aspects of daylight that
influence human visual and psychological
condition. Then, analyzing each space in the
academic library by understanding its
different usage, daylight distribution, and
effect on student perception and comfort.
Finally, deducting a design method that will
be used a checklist (matrix) to identify
different sittings of daylight strategies in
different library spaces. The expected result
will be deducted from the design matrix to
identify a set of efficient daylight strategies
for selected spaces in academic libraries to
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enhance user’s visual comfort, psychological

condition, and interaction with the
surrounding.

Keywords: Daylighting strategies, User’s

comfort, University libraries, Visual

comfort, Psychological comfort.

Introduction

University libraries are considered the most
respected type of buildings for higher
education and learning system
(Chakravorty,1954). Academic libraries are
very important, as they allow students to
have access to study information, data
sources, and other services (Klain Gabbay &
Shoham, 2019). University libraries are one
of the most important places that offer
knowledge, services, study environment and
social life (Ludwing and starr, 2005).
Efficiency is considered more important in
university libraries than any public library.
For students the design of libraries affects the
ability of using the library in anytime.
Therefore, well-designed university libraries
are being used not only for studying, reading
and accessing to digital sources but also as
social gathering places (Cunningham,
Heather V & Tabur, Susanne, 2012). Interior
spaces of a library such as private reading
areas, crowded reading halls and social
gathering spaces could change the student’s
education life and perspective to the whole
university (Cunningham, Heather V &

Tabur, Susanne, 2012).

Daylighting is one of the important features
that can have an impact on the usage of the
library spaces (Gregg D. Ander, 2003).
Daylight creates an atmosphere of quietness
and visual comfort in order to
psychologically associate the library user



with the space they occupy (Perera & Swaris,
2017). Daylighting openings make it
possible to link building users to the outside
world and without this relation the user feels
something is lacking in the space (Phillips,
2004). For decades, unforgettable library
spaces have been distinguished by natural
light, illuminating volumes and surfaces
while providing glare-free light in reading
spaces. Hence, daylight is one of the key
architecture tools that could be controlled to
enhance the users’ visual and psychological
comfort in libraries (Sufar et al., 2012).
Through taking in consideration the design
tools that affects the user’s mood, comfort
and motivation and implement those features
in an efficient way to reach the user’s
satisfaction.

The amount of daylight in a space can have a
huge influence on the human’s psychological
conditions (Perera & Swaris, 2017). It is
essential to use daylight in an efficient
manner in library buildings as it can
influence users’ mood, reading, productivity,
and visual and psychological condition
(Cuttle, 2011). Therefore, the purpose of this
research is to understand the relationship
between daylight and user’s comfort and
how the visual and psychological comfort is
affected by daylight in different academic
library spaces.

2. Daylight Strategies

Daylight is one of the quality-enhancing features
and controls how long someone stays in a space
(Kilic & Hasirci, 2011). Daylighting elements as
the good lighting, the size of a window and the
visibility have an important effect on the user’s
psychological  satisfaction  (Hourani and
Hammad, 2012). Daylight creates a connection
between the indoor and outdoor environment
which make it more comfortable to have a space
with efficient daylighting (Gregg D. Ander,
2003). To have an efficient daylight in a space,
it is not only about adding skylights or large
windows but also need detailed integration of
daylight design strategies which are heat gain,
variations in light availability and glare control
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in the building (Ander, 2016). Some design
strategies must be taken into consideration to
achieve successful daylighting into a building
such as building form and orientation, shading
devices, interior finishes, glazing material and
opening size and spacing. Therefore, to achieve
an efficient daylighting into a space it is not only
about providing enough daylighting but also

about how to minimize its undesirable effects.

2.1. Building Orientation

The building orientation is very important to
control the amount of heating, cooling and
daylight entering the building (Abdultawab,
2017). For example, if the long side of the
building is oriented towards the east-west side
then, the building will join a passive amount of
heating or cooling on a seasonal basis
(Guzowski, 2000). It is favorable to orient most
of the north-south glazing, with maximum
exposure to daylight that is easier to control

(figure 1).

Fig. 7: Building Orientation
(Abdultawab, 2017)

2.2. Building Form

Buildings footprints are different, and each
form has different way of penetrating daylight
into the building (Qahtan, 2017). which could be
long and narrow, square, L-shape, U-shape or
linear and thin (Figure 2). To maximize daylight
into the building, Long and narrow footprints are
better than square one. Buildings can be
arranged as a series of wings to reduce the need



for land while still allowing daylight access
(Peter Tregenza, Michael Wilson, 2011).

A O L] L

Fig. 8: Building Foofprints (Qahtan, 2017)

2.3. Opening Type and Location

Opening are the way to have an efficient daylight
in the building as it controls the amount of heat,
solar, natural light and light intensity in the
indoor space (Peter Tregenza and Michael
Wilson, 2011). Opening location will impact
daylight penetration in the room and will
determine the amount of useful daylight.
Window location should also consider the
relationship between the occupants ' view to the
outside and eye level (Reinhart, 2014).

e Vertical windows: to allow optimum
daylight in a room the vertical windows
should be wide and placed at the top of
the wall (Peter Tregenza and Michael
Wilson, 2011). Vertical windows on
the wall are three times less effective
compared to horizontal roof lighting
(Figure 3). According to Kashyap
(2017), Baffles and Light shelves
allows diffusive daylight and avoid

glare (Figure 4).
L] |

Fig. 9: Light Distribution through vertical
(Kashyap, 2017)
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Fig. 10: Vertical Window with Shelves (Qahtan,

2017)
Skylight Opening: skylight should be
sloped, horizontal or domed (Figure 5) and
recommended to have a splayed opening on
the roof to reduces heat
gain, glare and allows indirect and deeper
sunlight into the room but only effective on
the building’s top floor (Figure 5)
(Kashyap, 2017).

Fig. 6: Monitor Skylight (Kashyap,
2017)

Diffuse Incoming Light for Glore
Reduction

Fig. 5: Skylight with Splayed Opening
(Kashyap, 2017)

o  Clerestory windows: reduces glare and
allows natural ventilated daylight in the
room. The window always located at a
high away from the eyelevel (Figure 6).
Sawtooth lighting reduces heat gain by
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2.4. Glazing

Fig. 12: Clerestory Windows (Qahtan, 2017)

To

Fig. 11: Different types of Roof Openings (Qahtan,
2017)

Glazing allows natural daylight to enter the
building, but also allows unnecessary solar
gains in summer and winter weather. Glazing
ratios are recommended to be between 25 to
50% on the external side of the space that
needs daylight (Duxbory, 2013). The
daylight levels and thermal comfort depends
on the type of glazing used on the opening.
Thus, the best type of glazing is the triple
glazing as it allows more thermal comfort in
the building (table 1). On the other hand,
double glazing, tinted or reflective glazing
minimize the transmission of daylight into
the building with more solar transmission

(Gregg D. Ander, 2003).

Table 1. Glazing Types (Duxbory, 2013)

Window Dayll_ght _So_lar
A transmission | transmission
specifications (%) (%)
Single glazing 88% 83%
Double | 27 095 | 65 70%
glazing
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tilting the roof opening towards the
north (Qahtan, 2017).

Tinted doqble 29% 39%
glazing
Triple glazing 70% 40 - 60%

3. Daylight and Human Comfort

According to Keith Slakter (1985), internal
environment human comfort is affected by many
different factors such as, psychological factors,
physical factors and personal factors. The
productivity and comfort of the users are
influenced by the lighting condition factors in
the interior environment (Harsirci, 2011). Users’
psychology is affected by adaptive visual
comfort and lower levels of illumination
produced better emotional responses to adapt the
standard light level (Fridell Anter, 2014). The
light intensity, the visual qualities, ventilation,
temperature and spatial organization of the space
are some of the factors that affects the human

visual and psychological comfort.

3.1. Glare

A good design of daylight will allow large
amounts of glare inside the building (Gregg D.
Ander, 2003). The variation of light within our
environment may influence the occupant’s
visual comfort and performance. Daylight glare
are caused by several sources; such as, bright
sky, the clouds and sun reflective surfaces (Rea,

2000).

o Disability glare: this type occurs when
glare sources of high luminance such
as; the sun and reflection of the sun are
in the interior environment. It
influences the human visual comfort as
it reduces the visual performance and
visibility of the eye (Rea, 2000).

o Discomfort glare: is influenced by all
the wvisual components in the
environment such as; the windows,



reflections, interior surface and
external surroundings. This type of
glare causes an after effect on the user
in form of fatigue, headaches. Also,
may cause distraction or irritating in the
eyes (Rea, 2000).

3.2. Temperature

Glass openings allow the solar heat to enter the
indoor environment which affects the indoor
temperature, especially when sitting near a
window (Grimaldi et al., 2008). The rise in
temperature of an indoor environment causes an
increase in blood pressure and decrease of the
user’s speed of reading and allowing the user to

feel discomfort in the space (Dean, 2005).

3.3. Light Intensity

If the levels of light are too high or too low, then
it will not be suitable in the environment and will
influence the human visual comfort (Boyce et
al., 2003). The roof windows are better in
integrating daylight into the space as it spreads
the light intensity in all direction not only in on
spot (Dean, 1998). When the degree of daylight
intensity is the greatest it may cause the eyes to
go blind because of the brightness or stain the
eyes because it is too dark. Therefore, the
location of the window and the material used,
have an impact on the degree of daylight
entering the room which provide daylight in all
directions and minimize its intensity as it has a
bad influence on the eyes and human’s
concentration also may cause distraction and
visual discomfort (Rea.2000).

3.4. Spatial organization

Students undertake a variety of activities during
the writing process, which require different
spaces, furniture and tools (Foster & Gibbons,
2007; Twait, 2009). The seating configuration
affects the occupant's quality in the reading
function, speed and overall efficiency of the
visual task (Fontoynont and Escuyer, 2001).
According to Charrette design experiment at the
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University of Rochester, curtain wall windows
were integrated into a redesigned library. As a
result, the arrangement of the furniture was
changed to place tables by these windows for
group work. Students concluded that they would
spend most of their time working in teamwork
and therefore, wanted to be located in the ideal
window zone of the building as it affects the
quality in the reading, speed and overall
efficiency of the visual task. (Foster & Gibbons,
2007).

4. Daylight and Academic Libraries

University libraries are considered the most
respected type of buildings for higher education
and learning system (Chakravorty,1954).
According study conducted by J. Malenfant,
(2017), to investigate the academic library
impact on student learning and success, each
space in the library either social gathering,
crowded reading area or private reading rooms,
require different spaces and design and both are
evenly important in the learning and social life
of the student. Therefore, the library is the
perfect place for the Students who want to build
relationships with other students, see, interact
and communicate with each other (Brown et al.,
2017). Shill and Tonner (2004) agreed that for
redesigning library usage, natural light was one
of the strongest determining factors. As the
traditional library spaces can modulate the
student’s university experience with higher
education values and objectives by active
resonance or simultaneous awareness or some
other means.

As a result, the placement of the windows and
arranging the furniture according daylight plays
an important role in the users’ visual and
psychological comfort for reading, studying, and
social interaction. Which changes the user’s
preference and comfort in each space according
to the usage (Klain Gabbay & Shoham, 2019).

4.1. Academic Library Spaces and
Lighting Needs

Reading in a library is the main function. While
libraries have recently become increasingly
digital, the focus on books and reading is still



ongoing (Brons, 2004). Therefore, Good reading
light keeps the reader alive and strengthens the
book connection. Lighting is the key trigger that
visually makes the reader comfortable (Brown et
al., 2017). The crowded reading area, the social
gathering area and the private reading rooms are
three different spaces in the academic library
with different usage and different daylight
distribution (Gregg D. Ander, 2003).
e Crowded reading space: have elements,
as long wooden tables and decorative
lighting, implement quiet traditional
work (Foster, 2010). Furthermore,
Freeman (2005), claims that a large
majority of students still regard the
crowded reading room as their favorite
space in the library. Wang and
Boubekri (2010) noticed that most
people decide to sit close or around the
sun area, even though some people
placed their desk back to the window
and didn't have a direct view of the
outside. For any library activities
involving visual tasks such as reading
and writing, the average value is about
500 Ix, which ranges from 300 to 750
Ix to allow visual comfort for the user

(Carla Balocco, 2008).

e The private reading space: a vital part
of the academic library as the desire for
quiet, meditative study is as strong as
ever and the absence of quiet space
within the library is often associated
with a common student complaint
(Suarez, 2007). also deduced that, in
relation to the rest of the room, the
brightness of the work area also
influences the amount of time spent in
one position in the library and the
reading performance (Kilic & Hasirci,
2011). In addition, in dimmer lighting,
people are less considerate of closer
distances and seem to need more space
in the corners compared to the room
centers (Othman & Mazli, 2012).

e Social gathering space: Daylight has a
huge effect on the productivity and
performance of the user in the library
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not only in reading and concentration
but also in socializing. Results in
studies examining the relationship
between daylight and social behaviour
showed that daylight satisfaction in
social gathering spaces was related to
window preference, ventilation, mood,
view of the outside environment and
for temporal data, day-time, and room
appearance (Perera & Swaris, 2017).

5. Research Method

This research adopts a mixed method approach
where both qualitative and quantitative methods
will be distributed into four levels. These levels
were deduced from analyzing the literature
review data to conduct a checklist (matrix) to be
used by the researcher to identify the efficient
strategies of daylight for enhancing the users’
comfort in different spaces in academic libraries.
the first level is analyzing the basics of daylight
strategies that affects how daylight penetrate
through the space. The second level is discussing
the key aspects pertaining to users’ visual and
psychological comfort according to daylight
aspects. The third level is studying certain
spaces in academic libraries whether it is private
reading space, group study space, or a social
space to identify its different usage, daylight
distribution, and impact on student perception
and comfort. All the levels will be incorporated
and filled in a checklist (matrix) that every
dimension is sub dimensioned and supported
with visual photographs for each type of daylight
strategies. The last level is filling the checklist
(matrix) according to the literature review data
to identify as set of efficient daylight strategies

for each space according to user comfort.
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6. Discussion and Results

In previous studies, there was no clear
application of preceding integration.
Recommended earlier studies determine the
effects of daylight on human comfort without
suggesting any design strategies for
enhancing daylight in specific spaces. The
contribution of this study proposes a design
matrix form studies of the literature review
that could be used by the researcher or the
designer to reach efficiency in using daylight
strategies to enhance the users’ comfort in
different spaces in academic libraries. the
research result is divided into three parts
which are the main library spaces and each
space has different usage, needs, and
daylighting strategies to reach users’ visual
and psychological comfort These three parts
are:

e Social gathering space: it is a very
critical area in the library as it
gathers all college students with
various needs. Therefore, it needs a
special design of daylight to
enhance the mood and visual
performance of the users. It is ideal
to use large vertical window with
1:2 proposition to have a good light
direction and relation with the
outdoor environment. Also, the
windows ought to have shading
devices or shelves to control the
glare and use triple glazing for
controlling  solar heat and
temperature in the indoor space.
The spatial organization of the
space should be close or around the
sun area. Vertical windows are
needed in this space as users need to
have a connection with the outdoor
environment as it affects the over all
mood and cause the user to feel
more active and alive.
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Private reading space: it is a unique
space in the library with various
needs as certain users do not prefer
to read in daylighted zones other
rather spend more time around the
sun area. Also, daylighting in this
space affects the overall reading
performance and visual comfort. It
is proposed to use Clerestory
Windows, monitor skylight, or top
vertical  windows  with  1:1
proportion to avoid glare and have
an efficient light intensity for
reading also allow some areas to be
dimmed for users who do not prefer
to read in daylight. Use triple
glazing to control solar
transmission and temperature. The
spatial organization is placed in
daylighted and dimmed areas to
allow the user to choose the
preferred location for establishing
visual and psychological comfort.
This type of daylight strategies is
needed in this space as according to
studies, users tend to feel more
private in low light areas so using
vertical openings in not required.

Group reading space: majority of
students consider the crowded
reading area as their favorite space
in the library. Most users decide to
sit close or around the sun area,
even though some users prefer to
place their desk back to the window
disregarding the direct view of the
outside. It is preferred to use a
mixed opening in this area as the
outside view is important also an
efficient daylight is needed.
Therefore, it is advised to use
vertical windows with shelves or
baffles while using clerestory
Windows or monitor skylight, both
in 1:1 proportion to avoid glare and



establish good intensity of natural
light. Also, triple glazing is needed
to control the solar heat form
daylight and temperature side
effects. Two types of openings are
required in the is space as user need
to feel visually comfortable and
also have a connection with the
surrounding environment.

6. Conclusion

Many of the current university libraries in
Egypt lack the presence of efficient
daylighting strategies and neglecting how
daylight affects the students’ comfort and
university life experience.  University
libraries are one of the most important places
that offer knowledge, services, study
environment and social life. Recent
researches studied the relationship between
daylight and spaces and how it affects the
users’ comfort, satisfaction and performance
in general without determining any design
strategies or methods for efficient daylight.
However, few researches managed to focus
on university libraries and studied how it
could affect the visual comfort, interaction
with the surrounding and satisfaction in the
space and determined the impact of daylight
on human comfort from the existing design
without determining the efficient way to
integrate daylight into the library spaces.
Therefore, this paper attempts to identify a
set of efficient design strategies for daylight
existing academic libraries in Egypt to
enhance the users’ wvisual comfort,
psychological condition, and interaction with
the surrounding in private reading space,
group study space, or a social space using
checklist (matrix) to measure the efficiency
of the existing or proposed daylight design
and how it affects visual and psychological
comfort in certain spaces in academic-
libraries.
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7. Recommendations

Academic library spaces in which different
tasks are carried out at the same time must be

Fig. 13: Research Phases

well designed regarding daylight strategies.
Furthermore, there are no clear strategies in
place to date that outline the different library
social setting and possible daylight strategies
that could be implemented to correspond to
each social setting in the library space.
However, uncontrolled daylight brings
visual, psychological discomfort and
negative interaction to the user. This research
recommends a various design strategies to
avoid the discomfort accruing due to
uncontrolled daylight to enhance the users’
comfort in different spaces in academic
libraries.



Table 2. Recommended Design Strategies to
Enhance the Uses’ Comfort in Each space
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An Approach for Sustainable material selection using
Life Cycle Assessment

Mohamed Magdy, Fatma O. Alamoudy, Walaa S.E. Ismaeel,

Architectural Engineering Department, The British University in Egypt, EI-Sherouk City, Egypt
Abstract:

The construction industry is one of the biggest exploiters of both renewable and

non-renewable resources in the world. Therefore, it was unavoidable that
concerns will be raised with respect to the environmental effect of this industry.

As the procedure of building consume many material through its life cycle, the

determination and utilization of sustainable building material were assessed due

to their important role in the planning and construction of a green building. This

study is set up to show an approach for sustainable building material selection

and their effects on nature. It likewise talk about the life cycle assessment as a

methodological role and system and its limitation for the examination of

sustainable building material. This will be conducted through a comparative

analysis of the most common material used in construction industry in Egypt;

which are concrete and steel. The analysis investigates the amount of energy

consumed and greenhouse gases emitted through out the material life cycle. This

study shows that using steel in construction can be less damaging to the

environment as well as saving energy used in building life cycle.

Keywords: Concrete; Steel; Life Cycle Assessment; Sustainable materials.
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1. INTRODUCTION

The construction industry is known to be a non-
environmental-friendly discipline. This is found
to be due to its significant impact on the
resources and energy consumption. Moreover,
the construction industry has a significant role in
the emission of Greenhouse gases because of
fossil products burning. Whereas, it was found
that it takes 40% of environmental materials,
expends 40% of the energy consumed, 15% of
the planet's water resources, generates 25% of all
wastes and emits 40-50% of Green House Gases
(Ramesh et al., 2010; Mokhlesian and Holmén,
2012). According to the previous, it can be
assumed that the problem is all about material
selection and their specifications.

This study aims at surveying the effects of two
commonly used building materials in Egypt on
the environment and how this environmental
impact affects material selection. The research
will analyze construction materials (concrete
and steel) determining the amount of GHG
emitted during the materials lifecycle as well as
the amount of energy consumed.

2. SUSTAINABLE BUILDING
MATERIAL(SBM)

In the construction industry, steel and concrete
are found to be the most commonly used
traditional materials. Both materials are known
to be high embodied energy that have severe
impact on the overall performance of buildings
through its lifecycle. According to John (2015)
the definition of embodied energy (EE) is the
energy that is consumed and used in the
manufacturing process. Embodied carbon (EC)
is the carbon that is emitted through the
manufacturing process.

According to Franzoni (2011), the selection of
building materials plays a major role in attaining
sustainable development. This area is largely
obscure because of the large number of factors
and varieties where various studies discuss
issues with materials selection. In any case, the
the development process, operation and
maintenance to the emanation of hurtful
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majority of these examinations have agreed
upon and sufficiently set up the definition of
SBM. Even today there is no all-around
acknowledged definition of SBM which makes
it very difficult to the develop standards and
rules that make selection of building materials
consistent with SBM objectives (Franzoni,
2011; Saghafi and Teshnizi, 2011). However,
SBM can be considered as materials
characteristic where it offer the user advantages
in low maintenance terms, energy efficiency,
increasing the well-being and comfort of the
occupants, growing productivity while being
cleaner to the community (Franzoni's, 2011). A
misconception about SBM is that all natural
materials are sustainable. However, this is not
true. For example, natural materials, such as
radon, turpentine and asbestos, may not be SBM
materials as they are detrimental to the natural
environment. Hence, materials should be chosen
according to their impact on the environment not
their source of production. (Spiegel and
Meadows, 1999; Franzoni, 2011).

Moreover, sources of SBM are required to be
recyclable that cannot be renewed. Other
characteristics of these materials is that they
should be maintained during their life cycle and
need less energy to be used in the assembly
process. Furthermore, these materials should not
emit pollution or different outflows that affect
people wellbeing through the building life cycle
(Cagiao J, Gomez, 2010).

3. ECOLOGICAL SUSTAINABLE
DEVELOPMENT (ESD)

From a development perspective, Ecological
sustainable  development (ESD) can be
explained as utilized resources are competitively
determined to fulfil the necessities and
requirements of modern day and future
generations whereas preventing the unfavorable
effects on the surrounding environment.
Moreover, reducing the negative material impact
the users throughout

substances at some stage within the buildings
life cycle.



Building construction is not an ecological-
friendly process as it has significant effects on
the natural environment due to the GHG
emission. In the United States, the
construction industry contributes towards 1/3
in terms of greenhouse gases emissions (Li et
al., 2010) Moreover, the construction industry
contributes to 40 — 50 % of greenhouse gases
emission worldwide. Furthermore,
construction industry contributes in the
consumption of 40% of natural material,
consumes 40% of the energy sources, 15% of
water sources and responsible for the
production of 25% wastes. (Ramesh et al.,
2010; Mokhlesian and Holmén, 2012) This
can be shown in figure 1; Showing the
increasing trend of material use during the last
years such as Aluminum, Gypsum, Iron,
Limestone and Phosphate rock.

200000 .

Figure 1: materials quantities used in the
construction from 1900 to 2008 (Ramesh et
al, 2010)

4. SELECTION CRITERIA FOR
SUSTAINABLE BUILDING
MATERIAL (SBM)

A sustainable construction process should be
considered along the entire life cycle of a
building; selecting, restoring, replacing and
transforming of building materials should be
characterized with the following criteria:

®,

+* Resource efficiency

Resources efficiency is all about the use of the
limited resources while not confining
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monetary development on the society. Hence,
the usage of resources should be dealt
cautiously and mindfully, specifically as they
are recognized to affect the user experience

(Halliday, 2008).

7

+« Energy performance

The intensity of embodied energy of building
materials shifts from region to region,
reckoning on the energy sources, use and
therefore the accumulation method. The
embodied energy of building materials
include initial embodied energy. Embodied
energy identifies with the building materials
used for construction, whereas continuance
embodied energy is the energy that is used in
the manufacture process (Bohne, 2014)

7

+ Pollutants prevention

Sustainable construction materials need to be
recyclable or reusable in that they may be
correctly disposed at the end of their
beneficial life (Gao et al. 2001). Incorporating
sustainable material is crucial to save
embodied energy and conserving natural
assets where reusing is a must so that it
contributes to avoiding contamination.

5. THE STRATEGY FOR
SELECTING SUSTAINABLE
MATERIAL

SBM depends on choosing materials from
efficient techniques, for instance, choosing
substances of an occasional embodied
strength content, making use of locally
provided and assets power resources, at the
same time as choosing materials that make
less contribution of GHG emissions to the air.
As a consequence, an examination into new
material introduction, manufacturing
methods, reusing of building materials and
using low embodied strength substances has
become very critical.

Thormark,(2012) studied the natural reused
building materials effects for single-family



houses and presumes that the ecological
effects are fifty-five percent of the outcomes
that are induced if all the materials have been
sourced as new.
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Figure 2: the difference between new
construction and refurbished construction in
CO; emissions. (Saghafi and Teshnizi, 2011)

6. SUSTAINABLE BUILDING
MATERIAL AND ECOLOGICAL

BUILDING DEVELOPMENT
An enormous concern that exemplifies both
ecological management and safety control is
known as an ecologically sustainable
improvement. The ecologically sustainable
development idea is fundamental in building
up a sustainable improvement goal. In
buildings, it includes the productive resources
distribution, least energy usage, and low
embodied power in constructing substances,
recycle and reusing, and totally distinct
systems to accomplish prevailing and
powerful short and semi-everlasting usage of
normal sources. The improvement within the
natural structure’s performance will certainly
inspire ecological responsibility (Thormark,
2000).
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Figure 3: the criteria shows the assessment
for choosing sustainable materials (Teshnizi,
2011)

8. LIFE CYCLE ASSESSMENT
Sustainable building construction includes
natural materials utilization as well as
manufactured materials that require huge
amount of consumed energy. Moreover,
sustainable material stresses on its impact on
user health, while not having nephrotoxic
specification to limit pollution (Halliday,
2008). Moreover, another equally vital
objective is the decrease of waste and losses
throughout the material manufacture, the
development process and the duration of the
lifecycle of the finished structure. Materials
reuse throughout the demolishing phase of a
structure ought to likewise be considered. The
reusing procedure needs to be rigorously
organized to guarantee that these materials
will maintained to reach their distinctive
quality.

8.1. LCA HISTORY

The concept of LCA was created in Europe
and the USA during 1960s and mid-seventies.
In the late Eighties and middle Nineties LCA
got extra attention as a response to the
distended natural awareness and concern for
electricity usage. Likewise, it empowers the
measuring and identification of materials
used, vitality and waste discharged to nature
over the entire building cycle (Klopffer,
2006).
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Figure 5: The life cycle of the raw material
'cradle to grave’. (Klopffer, 2006)

In 1997 International Organization for
Standardization (ISO) disbursed the primary
ISO 14040 series to rate the standards and
standards on the LCA method (Perez-Garcia
et al.,, 2005). In 2006, the 1SO 14040
association became modified. The 1SO 14040
administers the requirements and structures,
while ISO 14044 includes the necessities and
guidelines for leading LCA research (ISO,
20064, 2006b). The ISO technique contained
in these standards is central to the
standardization and hence the discoveries
generalizability regarding all LCA studies and
life cycle inventory (LCI) studies and
researches.

8.2. The use of LCA
LCA has been normally used in the U.S.
and Europe, first of all, for comparison
material performance. Its tool has been
extended to encompass materials
products, whole building LCA and
strategic designing (Kohler and Moffatt,
2003; Scheuer et al., 2003). LCA allows
an evaluation of outcomes that are made
and dispensed across different methods
for the duration of the life cycle.
(Puettmann and Wilson, 2005). Ortiz et
al. (2009) specified that LCA may be an
essential method for evaluating
consequences. LCA has been used
within the building industry since 1990.
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8.3. The tools of LCA
There is an unbelievable variety of tools
for ecological evaluation of the
engineered condition, this includes,
indoor air satisfactory to all or any
constructing evaluation and electricity
labelling, and later to a city-scale
engineered evaluation of the
environment like Gabi, BEES, Sima-pro
and open LCA.

Cole (1998) recommends that the LCA
approach is used as the main valid assessment
method. The LCA approach is intend to
minimize the natural burden of materials as it
put into effect a tradeoff examination to
perform a decrease in ecological impacts.

8.4. LCA limitations
LCA may be a complicated process as it
evaluates and compares at material
product inflows and emanations
outflows related to building material at

e o S Wraset o1 WY

numerous scales and in diverse contexts.

Figure 5: Shows the inputs and
outputs of life cycle inventory, modified
from (wenzel, 1997)

9. LCA and Sustainable building materials

Material level at its core, process-based LCA
is defined at the material level and submitted
for inclusion in various LCI databases.
Product-level LCA data is growing in the
market. LCA is calculated as a collection of



materials which are assembled into a final (or
intermediate) product, calculating each inputs
and outputs.

The role of life cycle assessment for this level
is to prescribe and streamline environmental
product certification  programs  which
represent a key component in the design for
environmental approach. Three types of
product environmental label exist and are
defined in 1SO 14020 (2000). These are;

-The eco-certification environmental labels
(type 1).

- The self-declared environmental claims
(type 2).

-The environmental declarations (type 3).

Type 2 is the most prevalent type of
environmental labels in the market place but
with the least connection to LCA studies,
While on the other hand (Type 3) is the most
related and trusted type to LCA studies
(Berardi, 2011)

10. Life cycle of concrete material

One of the foremost vital and standard
construction materials within the world is
concrete. It's a structure material that is
invariably combined with ferroconcrete to
enhance its ability in tension forces and
generally, it is mixed with alternative
strengthened materials. Sometimes concrete is
formed from water and cement or coarse
mixture and generally fine aggregate. Figure 5
shows the production life cycle of concrete
(Thomark, 2006).

There are six totally different categories for
concrete:

1) C8/10

2) C12/15

3) C20/25

4) C25/30

5) (C30/37

6) C35/45
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Figure 6: the Production life cycle of
concrete (Thomark, 2006).
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Figure 7: the environmental impact of
different concrete types (Passer, 2015).
As shown in the last figure, for the all
impact categories, except the Ozone
Depletion Potential (ODP), whenever the
classification of concrete, whenever the more
potential environmental impact rise. As
shown in figure 8 the primary energy for
different concrete types (Passer, 2015).

I 0 0 0

Figure 8: the primary energy for different
concrete types (Passer, 2015).

The activity organized considers use
and hold, repair, replacement and
preservation. At the quantity of material, it
makes no feel to take into account those tiers
and at some point, of this technique, these
modules could be discharged.



Figure 9: shows the life stages for the
concrete (Regamonti, 2017).

11. Steel Life Cycle:

The assortment of steel elements utilized
within the development of steel-framed
structures is significant. Besides, steel
reinforcement is employed within the
ferroconcrete structures. Steel is usually
factory-made by two basic courses: the
electrical arc furnace (EAF) and the blast
furnace (BF) route. The first distinction
between these two routes is the level of scrap
brought into the steel-making procedure.
Which shows the life cycle of steel

production. Figure 10 shows the life cycle for
production

steel (Ding, 2016)

Figure 10: shows the life cycle for steel
production (Ding, 2016).
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Figure 11: shows the GWP and potential
energy (PE) for 1 Kilogram of a steel product
with different inputs of scrap (Passer, 2015).

12. Study Method

In this research, a comparison between the
steel structure and concrete structure in the
warehouse is done to study and investigate
their impact.

12.1. Selection and Assessment criteria

Four case studies were selected where two
steel warehouse and two concrete warehouses
were examined. There are two large span
cases and two small span cases. These case
studies were chosen based on their material of

the warehouse structure and their area.
In this analytical comparison, steel and
concrete are perceived regarding EE and EC.

12.2. Material structure

According to the University of Bath,
inventory of carbon & energy (ICE) Version
2.0, This summary table shown in figure 12
and 13 includes the material that is used in the
structure system in the case studies are
recycled engineering steel and Concrete
(16/20, 20/25). Each material has different EE
and EC.
« The EE table; one kilogram from
recycled engineering steel contain
13.10 MJ/KG and one kilogram from
16/20 concrete contain 0.70 MJ/KG,
one kilogram from 20/25 concrete

contain 0.74 MJ/KG.
« The EC table; one kilogram from
recycled engineering steel contain
0.72 kgCO.e/kg and one kilogram



from 16/20 concrete contain 0.100

kgCOe/kg, one kilogram from
20/25 concrete contain  0.107
kgCOze/kg.

=1 ?:’;.E =i = f{ —f

Figure 12: the embodied energy and
embodied carbon for the used concrete (ICE
University of Bath)
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' Figure 13: the embodled energy and the
embodied carbon for the used steel (ICE
University of Bath)

The case of concrete, the unit that is used to
measure the quantity of concrete is m® so the
quantity of the concrete in the structure in
Kilograms is determined, by using the density
rule; density = mass/volume, and the density
of concrete = 2400 KG/m® and we have the
volume so the mass = density*volume.

12.3. Case studies background

The First case is Steel with an area of 882 m?
(46*19). After knowing the quantity of steel
in this case study which is 21050 KG.

Figure 14: Shows the steel structure
warehouse
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The second case study is a steel case
study that has 750 m? area (37.5*20). After
calculating the total amount of steel that is
used in the structure process which is 19112
KG.
The third case is Concrete that has
660m? area (35*18.8). After knowing the
quantity of concrete in this case study which
is 307 m?, when the density of the concrete is
2400kg/m3.

Figure 15: the concrete structure warehouse.
The fourth case is Concrete that has 2000m?
area (65*30.7). After knowing the quantity of
concrete in this case study which is 1449 m3,
when the density of the concrete is

2400kg/m3.

13. Data analysis (process and procedures)
13.1 In steel case studies:

1) Calculating the amount of steel in
kilogram that is used in the warehouse in
structure system.

2) Know the EE and EC number for steel
by using inventory of carbon & energy
(ICE) Version 2.0.

3) Multiply the amount of the steel that is
used in a case study in kilogram to the
EE amount to get the total embodied
energy to the steel warehouse.

4) Multiply the amount of steel that is used
in the structure system in kilogram to the
EC amount to get the total embodied
carbon to the steel warehouse.

5) Repeat this step to the second steel
warehouse.

13.2 In concrete case studies:



1) Calculating the amount of concrete
in the case study in m2.

2) Transfer this unit to KG by using
the Density rule
(Density=mass/volume).

3) Know the EE and EC number for
concrete by using inventory of
carbon & energy (ICE) Version 2.0.

4) Multiply the amount of concrete that
is used in the structure system in
kilogram to the EE amount to get
the total embodied energy to the
concrete warehouse.

5) Multiply the amount of concrete that
is used in the structure system in
kilogram to the EC amount to get
the total embodied carbon to the
concrete warehouse.

6) Repeat this step to the second steel
warehouse.

7) Calculating the case studies total
area and then divided the total
embodied energy and the total
embodied carbon for each case
study by the total area to know how
much embodied energy and
embodied carbon was consumed in
every kilogram of steel and
concrete.

14. Results and Findings

In this part, the comparison between two
structure material steel and concrete in terms
of their EE and EC results will be analyzed
that used in the structure system in the
warehouses' case studies. To see and figure
which material consume energy more than the
other and which one emits more carbon than
the other.

14.1. Steel Case Study (1) Analysis:

After analyzing the first case study that has
21050 kg of steel in its structure system. It
turned out that the one-meter square from the
steel consumes 312.64 MJ/KG (embodied
energy). And the one-meter square from steel
emits 17.18 kgCO,e/kg (embodied carbon)

According to Fig. (16), the steel in the
manufacturing process consumes too much
energy if it is compared with the embodied
carbon.
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Figure 16: the embodied energy and carbon
to the first steel case study.

14.2. Steel Case Study (2) Analysis

After analysis of the second case study that
has 19112kg of steel and has a 750m? area. It
turned out that the one-meter square from the
steel consumes 333.82MJ/KG (embodied
energy) and the one-meter square from steel

emits 18.35 kgCO,e/kg (embodied carbon).

Sheml Warstiose (2

Figure 17: Shows the embodied energy and
carbon to the second steel case study.
According to Fig. (17), the steel in the
manufacturing process consumes too much



energy compared to the embodied carbon.

14.3. Concrete Case Study (1) Analysis:

After analysis of the first case study that has
307m?® of concrete in its structural system. It
turned out that the one-meter square from the
concrete consumes 778.9 MJ/KG (embodied
energy). And the one-meter square from
concrete emit 111.272 kgCO2e/kg (embodied

carbon)

000

Corcrete Warsresos (1

Figure 18: Shows the embodied energy and
embodied carbon for concrete.

According to Fig. (18), the concrete in the
manufacturing process consumes too much
energy compared to the embodied carbon.

14.4. Concrete Case Study (2) Analysis

After analysis of the second case study that
has 1449m* of concrete and has a 2000m?
area. It turned out that the one-meter square
from the concrete consumes 1285MJ/KG
(embodied energy) and the one-meter square
from steel emits 186 kgCO.e/kg (embodied
carbon). The results may be too much
different from the other concrete case study
because they use different concrete type

(20/25)

ey O
Embodied
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Figure 19: Shows the embodied energy and
embodied carbon for concrete.
According to Fig. (19), the concrete in the
manufacturing process consumes too much

energy compared to the embodied carbon.

15. Discussion
the first two graphs (steel), the As shown in
steel in the manufacturing and construction
process has some benefits like it does not emit
too much carbon. Each meter square from the
recycled engineering steel emit ~ 17.765
kgCO.e/kg and it is not a big amount if we
compared that to any other material. And each
meter square from the steel consumes energy
approximately ~ 323.23 MJ/KG.
While in the second two graphs (concrete), the
concrete in the manufacturing and
construction process consume too much
energy comparing to other material like steel.
The meter square of concrete consumes
approximately 1031.95 MJ/KG (embodied
energy). The meter square from concrete emit
through the manufacturing process too much
carbon that approximately equals 148.636
kgCOze/kg (embodied carbon)
Therefore, it can be concluded that in terms of
the embodied energy; the concrete consumes
more energy than steel in the manufacturing
process.
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Figure 20: the difference between the steel
and concrete in embodied energy.
In terms of the embodied carbon;
the concrete emits carbon more than steel in
the manufacturing process.
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Figure 21: the difference between steel and
concrete in embodied carbon.

To sum up, the manufacturing process of
concrete consumes approximately double the
energy that is used in the manufacturing
process of steel. For steel; the ratio between
the embodied energy and embodied carbon is
constant. Thus, the concrete has more impact
on the environment because of the carbon that
is emitted through the manufacturing the

concrete.
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The concrete has adverse impact on the
environment through the energy consumed in
the manufacturing process. The steel
consumes a small amount of energy through
the manufacturing process and emits a small
amount of carbon so it does not affect badly

on the environment.

16. Conclusion
The paper explained an approach that helps in
choosing the right material that has
insignificant impact on the environment in
terms of consumed energy and emitted
carbon. That material called sustainable
building material where that material can be
maintained for a long time and reused by the
next generations. The paper sums up the
criteria to choose these materials as their
waste production, energy consumption,
Indoor environmental quality and emissions.
Therefore, life cycle assessment (LCA) is
used, that is a factual analysis of any products'
entire life cycle in terms of sustainability. By
using LCA any material can be evaluated to
see its environmental impact from cradle to
grave.
The embodied energy and embodied carbon
have been used to know which material is
efficient in the construction and manufacture
process. The embodied energy calculates how
much this material consume energy. And the
embodied carbon calculates how much carbon
(COy) will be emitted from this material.
The paper studied steel and concrete as they
are the most used material in the construction
in Egypt and compared between them in terms
of embodied energy and embodied carbon.
The analysis result shows that every meter
square from steel consumes 323.23MJ/KG
and emittl7.765 kgCOze/kg., while every
meter square from concrete consume
1031.95MJ/KG and emit 148.636 kgCO.e/kg.
The comparative analysis shows that the
embodied energy of the concrete is
approximately double the embodied energy of
the steel. The embodied carbon of concrete is
more than the embodied carbon of steel.
Therefore, it is advisable to use steel as it is
more sustainable and has better impact on the
environment.



17. Recommendations:

This study recommends build and design
buildings more sustainable to live longer. To
achieve that, the construction engineer and
architecture should use the most sustainable
way. In recent years, the construction industry
increased and the effects that are produced by
the emissions and impacts start to appear in
the whole world and affect our daily life.
Because of these effects, we should work on a
way to save the environment. After making a
study that proves that, the steel do not
consume too much energy through the
manufacturing process and emit less carbon
than concrete. Therefore, the steel structure
should spread worldwide to protect the
environment from the greenhouse gases.
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1. Abstract:

The process of urban development is
becoming more difficult because of the growing
challenges that face the urban developers and
negatively interfering with their success. For
example, the shortage of resources, the
environmental emissions that are responsible for
environmental pollution, and the difficulty to
deal with the effects that take place because of
the climate change. Hence, urban planners are
taking decisive actions to encourage the
development of sustainable cities where they
will be able to meet the economic, social and
ecological challenges. Urban Planners and
developers should evaluate the performance of a
sustainable city. Life-cycle analysis (LCA),
input-output analysis (IOA), carbon footprint
(CF), ecological footprint (EF), ), cost benefit
analysis (CBA) and Emergy Analysis (EA) are

six methods used by planners to conduct such
evaluation, but each one is used individually.
This paper aims to set calculation criteria for the
for mentioned evaluation methods based on
Geographic information system (GIS) as
advanced tool to set a pilot method that could be
applied by planners for evaluating sustainable
city development. The result sets an integrated
scientific framework for the six evaluation
methods divided into three main phases
inclusive planning phase, towards low carbon
phase, and final decision-making phase. The
first phase considers the following evaluation
methods EF, EA, CBA, IOA, and LCA. The
second phase uses the following evaluation
methods CF, I0A, and LCA. Finally, the third
phase integrates the following evaluation
methods CBA, CF, EF, EA.

Keywords: Sustainable City—Sustainable Development—Evaluation Methods—

Integration— GIS.

2.
Cities are one of the most consuming factors of
resources and producing of waste, especially in
transportation and building system (The World
Bank, 2010). Concurrently, the process of urban
development is becoming more difficult,
because of the challenges that are facing the
urban developers and planners (Dong, et al.,
2016, Vera, Mels, Keesman, Rijnaarts, & Huub,
2011). In these conditions, it is crucial to find a
solution for the consuming cities to make it adapt
with the nature, environment and deal no harm,
leading to an approach called the sustainable
city. One of the pioneers who adopted the
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Introduction

concept of sustainable cities is Richard Register
in 1975. He drew attention to “rebuilding cities

in balance with nature” (Register, 1987).
The process of urban development for
sustainable city is complex (Baynes, 2009).
Hence, there is no certain evaluation method was
able to fully assess the overall performance of
one city (Dong, et al., 2016), as all the evaluation
methods are being used individualy. Thus, the
main aim of this paper is to provide an extensive
literature review on the six well-known
evaluation methods, through adopting a multi-
criteria mixed approach methodology. The



evaluation methods are as follows: life-cycle
analysis (LCA), input-output analysis (I0A),
carbon footprint (CF), ecological footprint (EF),
cost benefit analysis (CBA) and Emergy
Analysis (EA) (H. Dong et al., 2016).

Both qualitative and quantitative data are used to
propose an integrated scientific framework

criteria based on using GIS as a tool proposed
for planners (Pedro, Silva, & Pinheiro, 2019) to
measure and evaluate the overall performance of
the sustainable city, and identify its key
problems, to ease the complex process of
urbandevelopment.

3. Overview of sustainable city

Even though the concept of sustainable city
was proposed a long time ago, it was only
throughout the past fifteen years planners
implemented the concept of sustainable city
claiming that these are the sustainable city times
(Register, 2009). A large number of macro-scale
developments are attempting to implement the
sustainable city concept (Z. Lin, 2018). The term
“sustainable city” defined as an ecologically
friendly city that allows its inhabitants to live a
fulfilling quality of life without neglecting the
side effects that are harmful for the environment.
In 1970 Arcosanti; an experimental town in
Phoenix, Arizona was going to be built in the
United states by the Cosanti Foundation (Lian
Koh Asanga Gunawansa Lovleen Bhullar,
2010). It planned to be the first model of a
sustainable city. However, the experiment took
place while the global warming issue and
ecological greenhouse gas emissions were not
identified. Hence, neither the public nor the
financial organizations  supported  the
implementation of the town experiment.
(Grierson, 2016).

3.1. The Rise of Sustainable City Movement

Regardless of the fact that cities are
certainly humanity’s greatest inventions (Stoltz,
Shafgat, Arias, & Lundgvist, 2014). The impact
of the design, construction and operation of
cities is devastating for the environment
(Newman, 2006). The definition of cities is not
limited to houses that people use to live in, they
undoubtedly play a major role in the rapid
increase of the global urbanization, and a study
showed that urban areas are housing nearly more
than 50% of the global population with a rate of
growth reaching 1.85% every year (Bocquier,
2005).
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As aresult, cities are devastating for the
global energy system and they will have a great
impact on the future global energy system
(Stoltz et al., 2014). For the response of the
impact of cities in the global energy system,
planners started to find the best method to use to
evaluate the development of sustainable cities
(Pedro et al., 2019). There are three main terms
that are essential to establish a sustainable urban
development: the synchronized pursuit of
economic wealth, environmental quality and
social justice (Purvis, Mao, & Robinson, 2018).
Researches suppose that justice should not be
limited to one generation, as it is believed to be
the heart of sustainability, it should also consider
the environmental, economic and social equity
between future generations (L. Liu, 2018).
Sustainability will not be achieved unless justice
is (L. Liu, 2018).

Since the development of sustainable city

concept has been carried out by sir Register in
his book “building cities with balance with
nature” (R Register, 2002), there has been a
constant improvement by the urban planners.
John Blewitt in his book “Understanding
Sustainable  Development”  Claims  that
sustainable city development is “a whole
systems approach integrating ecologically
efficient industry, administration, aspirations,
people’s needs, landscapes and harmonious
culture, where agriculture, nature and the built
environment are functionally integrated.”
(Blewitt, 2008). Nevertheless, the definition of
sustainable city development and its evaluation
methods is controversial since there is still no
certain definition of what a sustainable city is?
and how to evaluate the performance of it?
(Datta, 2012; Joss, Cowley, & Tomozeiu, 2013).
Moreover, there are a lot of conflicts and
confronts that are attempting to achieve the


https://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22John+Blewitt%22

urban sustainability under the mantle of
sustainable city construction in China (Pow &
Neo, 2013). According to Liu the definition of
sustainable city identifies the sustainable cities
as “urban areas that have purposely studied and

applied a plan that seeks to enhance the city’s
environmental development while taking into
consideration social and economic

developments.” (L. Liu, 2018).

4, A comprehensive review on evaluation methods

There is still no precise definition or
explanations of what a sustainable city is, or how
to evaluate and tell if a sustainable city is
working well (de Jong, Wang, & Yu, 2013). The
research will illustrate the strengths, weaknesses
and key problems for each evaluation method
(I0A), (LCA), (EF), (CF), (EA) and (CBA).

4.1. Input—output analysis (IOA) method

This method was first proposed by
Leontief in the 1930s, it is a top-down economic
technique done by using the sectoral monetary
transaction data to measure the relationship
between different economic divisions (Leontief,
1970, pp. 262-271). The (IOA) also helps in
studying environmental problems by providing
appealing features that could also be used for the
assessment of different incarnated capital, such
as incarnated energy (Baral & Bakshi, 2010),
incarnated/virtual water (H. Dong, Geng, et al.,
2014) and incarnated carbon releases (L. Dong
et al., 2013; Jiang, Cai, Wan, & Wang, 2015).
First, a full regional and inter-regional supply
chain description is provided by the (I0A)
method, considering preventing the error of
truncation that is normally found while using the
bottom-up approaches (Feng, Chapagain, Suh,
Pfister, & Klaus, 2011). Second, the
environmental problems designated by the
(I0A) method and it comes to a final
consumption instead of the intermediate
consumption, making it possible to evaluate
direct as well as indirect effects from the
perspective of consumption. Nevertheless, this
method further applied at macrolevels, such as
regional or national levels, rather than
microlevels, such as individual products or
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industrial parks, because of the shortage of
Input-output tables.
(IOA) method was commonly used for
carbon footprint, ecological footprint, emergy
and water footprint. For example, there was a
regional water shortage problem in Beijing, and
to alleviate the effects of this problem a water
footprint study was done by the (IOA)
method.(Feng et al., 2011; Z. Wang, Huang,
Yang, & Yu, 2013). The use of the (IOA)
method recommended Coordinating
interregional trade closely to help enhance the
regional water resource consumption. Related
studies were accomplished in other territories
that suffered from water shortage, such as
Liaoning a Chinese State (H. Dong et al., 2012).
In 2009 Tonooka and Kanemoto Applied a
multi-regional input-output model (MRIO) to
measure the Carbon dioxide releases incarnated
in the international trade in Japan and concluded
that releases incarnated in imports to japan
expanded substantially (Kulionis, 2014).
Likewise, in 2004 Jackson and Druckman
examined the carbon footprint of UK houses
employing a virtual MRIO model and noticed
that more than one fourth of Carbon dioxide
releases in a standard UK house were because of
recreation and leisure areas (Druckman &
Jackson, 2009). Similarly, Giljum and Hubacek
also used (IOA) for ecological footprint study
and determined indirect and direct land
constraints to produce exports from the fifteen
countries of the European Union to the rest of the
world (Klaus & Giljum, 2003).

4.2. Lifecycle analysis (LCA) method

This evaluation method is used to carefully
and fully evaluate the effect of product choices



on the natural environment, from the raw
materials generation process to the wastes
disposal process, and accordingly making it
possible to decide the most appropriate and
least-damaging choice of materials (EEA, 2002;
Francis, 2003). The (LCA) was first proposed
between the late 1960s and early 1970s
(Bengtsson, 2011). The first quantitative LCA
study was first done for the Coca-Cola company
in 1969, it was done by collecting statistical
information about the requirements for
resources, loads of emissions, and flows of waste
of different Coca-Cola bottles.

From then on, LCA has been commonly
used to assess the impact of dealing and
discarding of wastes on environment, such as
food recycle.(Cellura, Ardente, & Longo, 2012),
waste paper recycle (Liang, Zhang, & Xu, 2012;
L. Wang, Templer, & Murphy, 2012), waste
glass recycles (Blengini et al., 2012), Waste-to-
Energy approach (Tunesi, 2010; Vazquez-
Rowe, Marvuglia, Rege, & Benetto, 2014) and
PET bottle recycle (Song & Hyun, 1999). LCA
has also been implemented in researches on
supply reprocessing procedure and sustainable
cities. For example, a study was done on
agrochemical complex contained thirteen
petrochemical and chemical productions in the
Mississippi, USA by performing an input to
output life cycle evaluation analysis (LCA) they
found that LCA is an exceptionally valuable
implement for the analysis and comparisons of
diverse proposals of manufacturing ecosystems
(Singh, Lou, Yaws, Hopper, & Pike, 2007).

Chen, Xi, Geng and Fujita applied and
modified the LCA evaluation method on their
attempt to evaluate the potential ecological
gains, comprising the decrease of GHG
emissions and conserving fossil fuels by using a
variety of plastics recycling technologies
established by Japanese developers in Shenyang,
China. (Chen, Xi, Geng, & Fujita, 2011). Hence,
the LCA evaluation method is unlike the 10A
method, it is mainly applied at smaller scales
such as a product or a procedure in which the
availability of data is present.
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4.3. Ecological footprint (EF) analysis

Rees and Wackernagel first established
the concept of (EF) in the 1990s, in their attempt
to estimate the organically fertile land and water
that is required for a certain amount of people to
achieve the equilibrium state of the consumption
and production process. As well as taking in a
small amount of the waste produced by fossil
and the consumption of nuclear fuel (Bazan,
1997; Rees, 1992; Wackernagel et al., 2002).
Ecological footprint analysis mainly divides the
city sectors to six bio productive areas: use of
fertile land, use of forest lands, use of
pastureland, use of productive sea space, use of
built-up land, and use of forest land (Hoekstra,
2007).

Ecological footprint analysis is commonly
used for assessing the environmental
sustainability by comparing it to the population
size, which is characterized as “the ability of an
ecosystem to produce useful biological materials
and absorb carbon dioxide emissions.” (Geng et
al., 2014). If Ecological footprint is larger than
ecological carrying ability, it means that
individual actions have exceeded the nature’s
maximum capability which the environment
could manage, showing a sign of unsustainable
development environment.

Ecological footprint evaluation method is a
budget efficient tool and can be employed to
various scales, especially for states and towns.
For example, a study showed that London’s
ecological footprint in 1995 was 125 times larger
than the size of the city itself. This shows that
London to properly work, it needed an area
nearly of the size of UK’s largest viable land
area, to be able to give all the resources the city
utilizes and to get rid of its contaminants and
wastes  (Wackernagel,  Kitzes,  Moran,
Goldfinger, & Thomas, 2006). In addition, in
2014 a study was done that made a comparison
between the ecological footprints of a city in a
country under the developing process and a city
in a settled and already established country. This
study showed quick ecological footprint
expansions in cities in countries under the
developing process, and unlikely the ecological
footprint of the cities in established countries



was comparatively stable. These findings show
that more cooperation and support between
cities at different stage of development is
needed. And it can be provided by capacity
building efforts and technology transfer (Geng et
al., 2014).

4.4. Carbon footprint (CF) analysis

CF originates from the idea of ecological
footprint, its popularity set off since 2007 with
the aim of responding to universal warming. It is
basically “the amount of Co2 equivalent
emissions caused directly and indirectly by an
activity.” (Wiedmann & Minx, 2008). Carbon
footprint studies were performed at several
ranges, such as countries, towns, homes,
companies, manufacture processes and goods
(H. Dong et al., 2016). It can be broken down
into three categories, first, IPCC which is known
as the Intergovernmental Panel on Climate
Change method, input-output analysis (I0A)
method and lifecycle analysis method (LCA).
The use of LCA method is focusing on smaller
scales such as corporations and manufactured
goods, while IOA and IPCC methods are
focusing on assessing provincial and town scale
carbon footprints (H. Dong et al., 2016).

Several researches on territorial and town
levels have been done. For instance, greenhouse
gas secretions linked to the ultimate
consumption of products, Hertwich, and peters
measured facilities for 73 states and 14 world
districts. In addition with the use of multi-
regional input-output (MRIO) model, they were
able to recognize that national average for each
individual footprints differ from 1 tCO2e/year in
African countries while being 30 t/year in the
United States and Luxembourg (Hertwich &
Peters, 2009). A comparison of carbon footprints
in 12 urban areas was proposed by Sovacool and
Brown in 2010 (Sovacool & Brown, 2010). In
2011 a study on the carbon footprint was done in
Shenyang, China by using the IPCC method (Xi
et al., 2011). In 2013, Lin studied the carbon
footprint in Xiamen, China employing a hybrid
method included the integration of both EIOA
method and IPCC method (Jianyi, Liu, Meng,
Cui, & Xu, 2015).
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4.5. Emergy analysis method (EA)

This method was initially offered by Odum
in the late 1980s, it is basically “the total
available energy of one kind previously required
directly and indirectly through input pathways
to make a product or service.” (Odum, 1988,
1995). “The quantity of previous work
undertaken by natural processes to regenerate or
produce it” is signified as the emergy value of a
resource (Odum, 2000; Tilley & Swank, 2003).
Consequently, emergy has the benefit of being
able to designate principles to investments and
nature’s environmental efforts, for example:
deep geothermal heat, solar and gravity, to make
and assist flows, supplies, and services and to
make a contribution for the financial scheme
(Geng, Sarkis, Ulgiati, & Zhang, 2013). Emergy
helps in offering an integrated quantitative
process for enumerating the comparative amount
of energy flows and raw material in the financial
system and in the ecosystem (Campbell, Lu, &
Lin, 2014) because it converts all sorts of results
if it was man-made or natural goods to solar-
comparable Joules.

Decision makers and planners should raise
the correct urban development policies by using
the useful perceptions offered by Emergy
analysis (Li & Wang, 2009). hence, many
researches have been accomplished, such as
sustainable level evaluation (Lei & Wang,
2008), urban metabolism (Huang & Chen, 2005;
Huang, Lee, & Chen, 2006; Sun et al., 2015;
Zhang, Yang, Liu, & Yu, 2011), urban land use
(Huang, Lai, & Lee, 2001) and urban ecosystem
health assessment (G. Y. Liu et al., 2009;
Vassallo, Paoli, Bazzurro, Masciulli, & Fabiano,
2006). Furthermore, for planners to quantify
different environment performance, the unique
emergy assessment signs can be utilized. For
example, emergy rate of return can signify the
utilization of local resources from human
activities, and emergy rate of loadings can
calculate the pressure of individual actions on
local environment resultant from the
overabundant mistreatment of investment or
nonrenewable resources from outside (Geng,
Zhang, Ulgiati, & Sarkis, 2010). Emergy



sustainability index helps signify the feasibility
level of the district or town.

4.6. Cost benefit analysis (CBA)

Conventional Cost-Benefit Analysis (CBA)
IS “a systematic process used to calculate and
compare benefits and costs of a project, decision
or government policy.” (Melichar, Scasn\'y,
Hunt, & Navrud, 2009; D. Pearce, Atkinson, &
Mourato, 2006). Regarding the environmental
and sustainable development concerns, this
method measures the damages on individuals
healthiness and environment resulting from
financial events and try to reduce them by
finding the most efficient ways, along with
comparing the cost of ecological impairment to
the cost of alleviation (Bachmann & Kamp,
2014; Hanley, 2013). Particularly, the

externality of the environment (Bickel,
Friedrich, & others, 2004), and social welfare
(D. W. Pearce et al., 1996) are taken into account
in the cost—benefit estimation.

Numerous CBA techniques have been
utilized to monetize the externality of the
environment, for example External A (Bickel et
al., 2004) ready to afford the payment, and
estimate the cost of the life cycle. In order to
lower the externality of the environment,
systematical methods such as circular economy
have been suggested by ecological economists
(D. W. Pearce & Turner, 1990) and extensively
employed in Japan, Germany and China (Geng,
Zhu, Doberstein, & Fujita, 2008; OECD, 2009).
Nevertheless, as the mainstay of CBA is to
monetization, hence, it is limited to quantifying
some ecological value, ecosystem value and
social gain. (Kolosz & Grant-Muller, 2015;
Massiani, 2015; Soderqvist et al., 2015)

5. Using Geographic Information System to set a pilot method

Planners are facing so many challenges to
improve the evaluation of sustainable
development of new cities (Datta, 2012; Joss et
al., 2013). Hence, this evaluation requires to be
carried out using new techniques of urban
planning tools to overcome the difficulty of
measuring and assessing the development of
new cities (Pedro et al., 2019). Geographic
Information System (GIS) could be used as a
multi-criteria decision support tool (MCDS) (EI-

Sayed, Mahmoud, & EI-Barmelgy, 2015). This
will accordingly help with the integration of the
evaluation methods for a final appropriate
planning decision. To avoid using each
evaluation method individually in the
assessment, the method is based on (GIS) as a
tool to achieve the precise integrated evaluation
of sustainable urban development.

6. Research Method

The research sets a pilot method using GIS
to calculate the implications of six evaluation
methods. These methods are as follows, (I0A),
(LCA), (EF), Emergy Analysis, (CF), and
(CBA).

6.1. IOA and LCA methods

Since I0A and LCA are considered as
tool for data collection, accordingly all the
collected data should be converted into the
suitable format to be populated in the GIS in
the form of feature class grouped into different
feature datasets. After populating the data in
GIS, it is now considered as geospatial data that
can be either raster or vector.

Both I0A and LCA used qualitative and
quantitative data that are essential in decision
making and spatial modeling. Using GIS will
set a rational and precise database that can be
used and updated.

6.2. Ecological Footprint:

The calculations of the ecological footprint
are divided into two parts. First, calculating the
biocapacity of the city bio productive areas and
then, comparing it to the actual ecological
footprint. This applied through converting their
units from unweighted hectares to standardized
global hectares using the yield and equivalence
factors.



First, calculations of the Biocapacity of the  Finally running the model builder using Python
city will be conducted through using GIS Model  scripting language. The calculations will be
Builder. The Model Builder is considered as  applied on six bio productive city sectors as
programming language used for geoprocessing  follows; Croplands, Forest Lands, Fisheries
workflows to document the both data areas, Pasture Lands, Built up areas,
calculations factors and spatial analysis data.  Sequestration areas or energy biomass
Achieving a GIS Model Builder is applied firstly ~ accumulation areas. The equations used for
by using dataset, maps, equivalence factors and  calculation are shown in the following figure.
yield factors. Then adding each feature class in The following table shows the equivalence
its designed workspace. Followed by visualizing  and yield factors of different city bio Productive
the applied calculations in a sequenced diagram.  areas:

Table 2 Peruvian Yield Factors (2001), (Wackernagel et al., 2005)

B10 prod e Area 0 ale e aClo adna a eld dClO
Croplands 2.19 0.98
Forest Lands 1.37 0.82
Pasture Lands 0.48 1.81
Built-up area 2.19 0.98
Inland Water 0.36 2.96
Marine 0.36 3.39

Second, the calculation of the ecological populated in the report structure and represent
footprint, the calculations are done using the  the benefit.
footprint calculator which developed by Global CBA on the micro scale is to identify if the
Footprint Network that allows to calculate the  project revenue more than the projected cost.
footprint for each capita. The results are  The formula of calculating the cost feasibility
multiplied by the number of people living in the  will be the Net Present Value, as it considers the
city to attain the total ecological footprint of the  discounting variables for more accurate ratio
city, it also shows how many earths are goingto  (Leonard, 2018).

be needed if everyone on earth had similar NPV = Value/ (1+r) ™t

footprint of the calculated ones. NPV is the net present value that will be

https://www.footprintcalculator.org/ used in the cost benefit ratio equation. Value is
the benefits of the project, (r) is the discount

6.3. Cost Benefit Analysis rate, (t): is the time frame of the project. If the

NPV > 0, then the project is worth the money
invested, and if the NPV < 0, then the project is
losing money. This equation will be applied by

using the GIS Model Builder.

CBA on the Macro-Scale is required to be
performed on a combination of projects to have
a total cost-benefit analysis of a unified program.
This could be carried out by employing the “with )
and without” tactic to each project, or to a group ~ 6-4. Carbon Footprint
of projects using two sequenced techniques in
GIS. The first technique is the Model Builder  The city is divided into different sectors
techniques to calculate the cost, then followed  that are responsible for Co2 emission; these
by Create New Report technique to perform  sectors are as follows; ground-based
comparison reports. These criteria compare  transportation, different building uses along the
between the data extracted from the Model  city, industrial zones, and rest of city land uses.
builder which represent the cost and the datathat ~ The GIS Model Builder will be used to apply the

74


https://www.footprintcalculator.org/

equation of calculating the carbon footprint of
each sector as follows:

6.4.1. Ground-based transportation

The  ground-based transportation
emissions are divided according to the vehicles
type and size as follows: petrol and diesel cars,
regular taxi Cairo cap, petrol and diesel vans,
local buses and coaches, motorcycles and
railways (El-Sayed et al., 2015). To calculate
Co2 emitted from petrol or diesel cars, or vans,
or motorcycles: CO2 emission = G.CO2 per Km
* Length of Street in Km * Number of (petrol or
diesel cars, or vans, or motorcycles). To
calculate Co2 emitted from taxis, buses or
railway: CO2 emission = G.CO2 per passenger
km * Length of Street in Km * Average
passenger occupancy * Number of (taxis, or
trips, or buses).

6.4.2. Different building uses along the
city

It is required to calculate the CO2
emission according to the area and different

uses of the Buildings such as (residential,
administrative, hospitals, commercial, cultural,
education and entertainment).

6.4.3. Industrial Zones along the city

It is essential to calculate the CO2
emission according to the type of industry
employed by the factory such as (agriculture and
livestock products, food processing, beverages
and tobacco, Wood products, building materials,
chemicals, metals, manufacturing and repairing
and maintenance centers), and number of
factories, putting into consideration that the
factories size and production are average

6.4.4. Land Uses Along the City

It is required to calculate the CO2

emission of the different land uses along the city

such as (oxidation lakes, agriculture lands,
forests, crusher and public dumps).

7. Discussion and results

There was no certain application of a former
integration in previous studies. Previous
proposal of an integration of five different
evaluation methods on the macro scale was
recommended, but it needed more research and
required more potential application in new city
projects. Also, there was an integration on the
multi scale that aims to achieve a low carbon city
using a hybrid method (H. Dong et al., 2016).
Although it has been operated for quite a few
studies for low carbon cities (H. Dong, Ohnishi,
et al., 2014; L. Dong et al., 2013; Jianyi et al.,
2015; J. Lin, Liu, Meng, Cui, & Xu, 2013), but
it still require to be more endorsed. Finally (H.
Dong et al., 2016) proposed an integration of
decision and environmental type methods on the
micro scale that aims to help the decision makers
to evaluate the economic feasibility of the

development of the city by promoting the cost as
a pivotal factor in the decision-making process.
This type of integration has not been used or
advertised. Therefore, it is necessary to
introduce more advanced integration attempts
that consider the economic cost feasibility of the
environmental policies to encourage the
transition towards sustainable city development.

The contribution of this study suggests a
new technique to be used in the implication of
the previously mentioned integrations, by setting
a pilot method for the assessment using the GIS
as a tool for calculating and applying the
integration. The result conforms to a relevant
study by (El-Sayed et al., 2015) that made an
assessment of the carbon footprint of 10" of
Ramadhan city using the GIS model builder to
apply the calculation formula.

8. Conclusion

The six evaluation methods could be
integrated as shown in (figure 3.1) on three
different phases. The first phase involves the use

of five different evaluation methods (I0A, LCA,
EA, EF, CBA) on the macro scale and is called
the inclusive planning phase it involves



proposing recommendations on enhancing
regional bio-capacity and sustainability by
combining the Ecological Footprint and Emergy
analysis methods, while using the CBA method
to clarify the economic viability by considering
the economic cost. Furthermore, to make the
assessment more precise and rational, the use of
LCA and IOA methods is required to provide
technological and information support. This
integration can systematically manage the new
city planning process. The second phase
(Evaluating Carbon Footprint from a life cycle
point of view) includes proposing an integration
of environmental and economic type methods
(CF, IOA, LCA). The proper low-carbon
strategies are mainly raised and provided by CF
method. Nevertheless, it is essential to combine

the use of LCA and IOA methods with the CF
method, to be able to have organized assessment
from a life cycle point of view, and to avoid the
emissions transfer problems by tracing the
boundaries of the supply chain. Finally, the third
phase (Cost as a decisive factor) compromises
four evaluation methods (CBA, CF, EF, EA) to
evaluate the economic feasibility of the city
development, by promoting the cost as a key
factor in the decision-making process.
Incidentally, it is required to integrate the CF, EF
and emergy analysis with CBA to quantify the
consequent ecological benefits. GIS is used as a
tool to set a pilot technique that can be used by
urban planners to apply the integration and ease

the process of evaluation.

Emergy analysis was excluded from the calculations due to the limitations of data.

Four Evaluation methods

1-CBA
- CF EF amd
Emergy annlysis

Three Evaluation methods

Costasa
decisive factor

g Evaluating
1 5CF s the i foe cmo )
s s 1 Appecy ; tC:frl:?In
110N wnd LCA " oolprint from a
;-Mk Mu\y&h-h
WM prebileti can be life cycle point
e L view
Five Evaluation methods
1- K1, Emergy 1-“EF, Emengy analysis™ w poovide stsggestions o iisgenving bl bo-capacity and .
snabyris wbians sastanability. Inclusive
20mA 2-*CRA" 1 quantify the femsinlity by g e ol planning
A 10N aml LOCA

dezsoate and

3-HOA, LOA™ msthods i provide techmical dndd data siprpart e trake the evadustion mare
rasnabic

Fig 1: Integration of Six evaluation methods on three levels, (researcher,2019)

9. Recommendations
In response to Egypt’s new vision of
planning sustainable cities, it is recommended to
use the above-mentioned integration as a tool to
help planners fully identify the key problems of
the city and easily evaluate its performance.
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It is recommended to test the concluded

pilot technique using one of the Egyptian new

cities as a model. It is also advised that the

chosen city belongs to the first or second
generation of the Egyptian new cities.
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Appendix A

Table 1: Petrol and Diesel Car Emission, (El-Sayed et al., 2015).
Vehicle Type Engine Size Size Label G.CO2 per Km Liter per Km
14-201 Medium 213.9 10.8
>2.1 Large 295.8 7.8
Average 207.0 11.2
Diesel Car <171 Small 151.3 17.4
1.7-2.01 Medium 188.1 14.0
>2.01 Large 258.0 10.2
Average 197.9 13.3

Table 2: Taxi and Cairo Cap Emission, (El-Sayed et al., 2015).

Average Passenger G.CO2 Per Passenger Km

Occupancy
Taxi 14 161.3
Cairo Cap 15 175.7
Average 1.45 168.5

Table 3: Vans Emission, (El-Sayed et al., 2015)

Van Fuel Van size G.CO2 per Km
Petrol Up to 1.25 tone 224.4
Diesel Up to 3.5 tone 271.8

Average 266.1

Table 4: Buses Emission, (El-Sayed et al., 2015)



Bus Type Average Passenger Occupancy G.CO2 per passenger Km

Local Bus 8.9 115.8
City bus 13.5 81.8
Average bus 9.7 107.3

Table 5: Motorcycle Emission, (El-Sayed et al., 2015)

Size Label

Vehicle Type

Engine Size G.CO2 per Km Liter per Km

Petrol Motorcycle Up to 125 cc Small 72.9 31.6
125 to 500 cc Medium 93.9 24.5

Over 500 cc Large 128.6 17.9

Average 105.9 21.9

Table 6: Railway Emission, (EI-Sayed et al., 2015)
G.CO2 per Passenger Km Average Passenger Occupancy
Railways 40.2 90
Table 7: CO2 emissions associated with the use of different types of buildings, (El-Sayed et al., 2015)

Building Type G C0O2/m2

Mixed Residential Above Average 30
Average 24
Economic 20
Administrative 67
Hospital 88
Commercial 164
Cultural 35
Education 13
Entertainment 80
Religious 56
Utilities 125

Table 8: CO2 emission per factory, (El-Sayed et al., 2015)

Number of Factories

Type of Industry  CO2 emitted per Factory Ton per

Year

Agriculture and livestock products 310.7 -

Food Processing, beverages and 303.4 -
tobacco

Textiles, garments and leather 277.7 -

Wood and wooden products 987.6 -

Paper, printing and publishing 949.9 -

Chemicals 5977.8 -

Building materials 2176.5 -

Metals 10578.2 -

Engineering, electrical and 789.5 -
electronics

Manufacturing 1767.6 -

Repair and maintenance centers 473.8 -
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Table 9: CO2 emission for different land uses, (Source: Chang, T.C., 2000. Determination of greenhouse gases
by open-path gas-type FTIR spectroscopy. Food Sci. Agric. Chem.)

Oxidation Lakes 1300 mg/ m2 * H
Agriculture Land 11.2 Kg/ m2
Forests 52 gm/ m2

Crusher 0.5 ton

Public Dumps 220/ m2 * H
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Abstract:

Building Information Modelling (BIM) is now becoming a widespread all
over the world. In Egypt, starting from the mid 2000’s, BIM was
introduced as a new technology that eases the opportunity of collaborating
and sharing information through intelligent modelling in the Architectural,
Engineering and Construction (AEC) industry. Going in depth into the
Architectural design education in universities, undergraduate students lack
understanding BIM knowledge, practice and process application throughout
their academic years till graduation. Thus, this research aims to conclude
guidelines for integrating BIM as a process into the design studios for the
next architecture students’ generation. These guidelines may enhance the
architecture design process through BIM thinking process. Students would
further graduate as BIM-Based to meet the career requirements needed
after graduation. BIM and its process will be focused in an in-depth
literature review in addition to discussing the traditional architecture design
process in design studios. International case studies will address the
universities’ experiences upon BIM’s integration in the design studios.
Finally, questionnaires were held amongst students to identify their
perception upon the integration of BIM as a process. To conclude, a
comparison between both the traditional design process and the BIM

process in design  will be  deducted to  accomplish BIM
integration guidelines into architecture the design studios.
Keywords: Building Information Modelling, BIM process,
Architecture design process, design studios, Egypt.
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Introduction

BIM which is known as Building
Information Modelling has become one
of the most popping trends in the
architecture, engineering, and
construction (AEC) industries,
(Eastman et al., 2011). Juan Rodriguez,
a professional civil engineer reported
that BIM is the practice of creating and
representing a 3D building including
gathered data during its development
(2018). Most of the people understand
BIM just as a technology change;
however, they don’t keep in mind that is
also a process change (Eastman et al.,
2011). Moreover, this intelligent process
is for creating and handling information
on a construction project across the
project’s lifecycle through
corresponding phases. Building
information  modeling  furthermore
emphasizes the importance of a
contributing environment; all team
members are involved together through
one project (NBS, 2016.(

Focusing onto the architectural major
in universities, BIM Education is the
method of gathering both the conceptual
and practical knowledge through
integrating the BIM process in the way
of learning. BIM process in the design
studios improves the collaboration
between project participants of any other
disciplines throughout the project’s
cycle. Furthermore, BIM process
thinking empowers both current and
future architecture generations to cope
with the advanced technologies awaiting
them (Succar et al., 2012). This topic has
been introduced prior in Universities
from different international countries
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such as the USA, the United Kingdom
and Australia, France, Germany, China,
Japan, etc. (Lee et al., 2014; Paul, 2018;
Wong et al.,, 2011). In the Egyptian
universities, architecture major mainly
focused onto educating students BIM
tools, software, and its broad basics.
However, the concept of spreading BIM
process into the architectural design
studios is not common in most of the
universities. Thus, graduates do not
meet the requirements of many

firms that are using BIM process
nowadays. This creates a gap between
architectural education in the design
studios and working on projects within a
BIM context. Using BIM as a
pedagogical process bridges the gap
between educators and the awaiting
career by understanding the required
concepts and skills pertaining BIM in
the design process. Hence, this research
aims to develop guidelines for the
integration of BIM in the architectural
design studios taking into considerations
the challenges that would face this
process in order to succeed



Definition and History of BIM

BIM has been defined differently by
Architectural, Engineering and Construction
(AEC) professionals and researchers conferring
to their interpretations and perspectives.
According to the national institute of building
sciences (NBIS), BIM is defined as a digital
representation of both physical and functional
features of a facility through sharing information
knowledge resources to it (NBIS, 2019).
Autodesk software company has also stated the
term “Building Information Modelling (BIM)”
as an intelligent process that gives all AEC
authorities the tools to professionally plan,
design, construct, and manage buildings or
infrastructures through a 3D illustrating model
(2019).

“If anyone deserves the title “father of BIM,”
surely it is Chuck Eastman” stated Jerry Laiserin
labeling himself by the “Godfather of BIM”
(Eastman et al.,2007, p. xiii). In 1974, Charles M
Eastern known as Chuck, criticized the hardcopy
drawings since they fail in representing the
building as the renovations occur to any project,

moE

yet drawings don’t get updated. This made him
in 1975 introduce a new working prototype
called Building Description System (BDS) in a
paper “The Use of Computers Instead of
Drawings in Building Design” that allows 2D
drawings to be derived from models and eases
the clashes detection. BDS had its own elements
library that was limited as well as the potential
design choices according to the architectural,
structural and energy aspects (Eastman, 1975).
Many more advanced programs have been
created before the launch of Autodesk with their
product AutoCAD. In 2000, a first version of
Revit was created by a start-up company called
Charles River Software. However, in 2002,
Autodesk has purchased the company in order to
promote the program. Revit moreover, has
become a revolutionary platform all over the
world creating a paradigm shift for the
architectural, engineering, and construction
industry through BIM (Bergin, 2011). The
following figure briefs the history timeline of

BIM:

Charkes M Lastomn Initintion of Autodek
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] .
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fig. 2 BIM History Timeline (By Author 22019)

1. BIM Dimensions

According to Richard McPartland, BIM
Dimensions is the way in which different kinds
and amount of data are applied into a 3D model
(2017). This aids in understanding the levels of
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information added to every project given. In this
research, the focus is only onto the first, second
and third dimensions of BIM. However, these
dimensions start from 1D till 7D as follows. The



first dimension is called the scratch point level,
where it is the early stage of any design project
when concepts and ideas are generated through
gathering information related to the site, project
type etc. ("BIM DIMENSIONS - Common Data
Environment”, n.d.). The second dimension is
sorted on developing all the conceptual designs
into 2 dimensional plans, to export afterwards
sections elevations and even the working and
detailed drawings. ("BIM DIMENSIONS -
Common Data Environment”, n.d.). BIM is
mostly familiar with the third dimension as it

lD IIIII

visualizes out the model required in the design
process. The 3D graphical representation helps
to detect the conflicts that may occur through the
2-Dimensional phase. (McPartland, 2017). The
fourth, fifth, sixth and seventh dimensions come
afterwards as they resemble time information
added, cost estimation, sustainability and facility
management respectively. (Carpenter-Beck,
2017; McPartland, 2017). This research would
mainly focus onto the first three dimensions of
BIM as they are the main dimensions integrated

within the architecture des‘n studio process.

BIM DIMENSIONES

BlM SERVICES
fig. 3 BIM Dimensions (By Author 2,2019)

2. Key Factors of BIM:

Taking that one step further, BIM requires three
main factors in order to accomplish an effective
and successful platform as shown in fig. 2 which
are categorized to tools (technology), behaviors,

and lastly process. Without these three crucial
key aspects BIM workflow would not function
properly. These are BIM as a tool, BIM as

behavior, and BIM as a process.

Successful BIM Platform

Processes

—J

fig. 4 Key factors of BIM (Hardin et al., 2015)
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2.1. BIM as a Tool

The successful integration of BIM takes place
through using working tools that are based on
technology. Hence, a major amount of software
have been growing up that each is classified
according to its type. BIM technology eases
concurrent work by multiple design disciplines.
Though collaborating with drawings is still
possible, however inheriting this is more
problematic and consumes a lot of time rather
than working with more than coordinated 3D
models that can controllable. Merging with BIM
technology shortens the design time and
decreases the occurrence of errors. It also
provides earlier awareness into design problems
and gives chances for further improvements.

2.2. BIM as a Behavior

In order to achieve a successful BIM
environment, users’ behaviors should change.
Attitudes influence the behavioral intension of
BIM adoption. BIM is not about being a
technological process and software but also a

2.3. BIM as a Process

There is a common misconception that building
information modelling is all about creating a 3-
dimensional model; however, BIM is observed
as a virtual process that embraces all features,
disciplines, and outlines of a design within a
virtual model, which allows the parties to
collaborate more accurately and efficiently than
conventional old processes. When the model is
being created, team members are able to edit,
adjust and modify their tasks according to the
project
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New technologies of BIM provide visualization,
accuracy of cost estimation through quantity
surveying of materials, area of spaces, etc. in
order to conclude bill of quantities extractions
that are beneficial in the early stages of design
before the progression in the construction.
Building Information Modelling links energy
analysis tools that evaluates the energy
efficiency, simulates models and tests the
sustainable aspects required which is not
practical through using 2 dimensional drawings
and tools. Thus, reduces the no of modifications
needed to improve the building’s performance
(Eastman et al., 2011).

mindset changes of how individuals collaborate
in teams. This could perfectly be reflected on the
organizations’ behaviors (Hardin & Maccol,
2015).

requirements and design changes to ensure that
the model is as accurate as possible and
compatible with all needs before its approval to
be executed and constructed on site. (Carmona
& Irwin, 2007). BIM is a cycle that enhances
collaboration between all the team members
such as owners, architects, engineers,
contractors, subcontractors and  suppliers.
(Kymmell, 2008).
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fig. 5 Traditional process Vs. BIM Process (Young, 2008 cited in Foster,2009)

2.3.1. BIM Process Objectives

Building Information modeling sets its
objectives in order to enhance the project’s
performance. It illustrates the main concepts of
both the actions and interactions of the human
being such as collaboration, communication,

visualization, and understanding. These four
concepts are connected to one another such that
for instance understanding can be achieved
through collaboration, communication and
visualization. (Kymmell, 2008)

Collaboration

Understanding

- -

Visualization

fig. 6 BIM Objectives (By Author?2019)
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Collaboration is a crucial aspect for BIM refers
to the supportive action made by team members
in order to achieve a successful design project.
Students collaborate in a BIM environment
synchronously on the same design (Eastman et
al., 2008). BIM process is the ideal tool for
helping team members to collaborate rather than
compete. (Kymmell, 2008).

BIM moreover boosts the communication
between the students and instructors and
between the students themselves. The need for
communication is basic at any university. In the
design, quantity is not as important as the quality
being served. Communicating with the team
enhances collaboration and enhances the
behavioral environment. (Kymmell, 2008).
However, many communication problems may

3.

Architectural design process is known as the
process of problem solving that ends up with
adding value as illustrated in fig. 5. Architecture
students are required to express their solutions as
a form of buildings. The architectural design
process is considered one of the utmost
interesting processes especially when it is

Architecture Design Process

occur due to the insufficient communicated
design information cause from the wrong
interpretation of the design. Converting concepts
and sketches into 3D graphical models is a
beneficial communicating way between students
and their supervisors (Reddy, 2012).
Visualization is BIM’s main key feature in the
architectural  education. Creating a 3-
dimensional model at any time and in any phase
of the project helps in representing the design
concept to be understandable to the instructors,
team and other audience. (Reddy, 2012).
Visualization can enhance the communication
between students, and as a result it creates a
better understanding environment for them. The
students can understand the project’s needs, the
ideas behind BIM process and its concepts
(Reddy, 2012).

focused on university students. It is a bit
challenging as students expect to receive the
right knowledge, understand what real
architecture is and to develop their design skills.
According to Osman, the design studio is the
core of the architectural learning process (2001).

fig. 7 Architecture Ijesign Process (By Author 2,2019)
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fig. 8 Architecture Design Process and stages (By Author?, 2020)

This keeps the traditional process of design in
the design studios the most common teaching
process amongst universities worldwide. The
design process can be mainly classified into 6
stages:

1. Define the Problem: Architecture
design is considered a problem that demands the
student to come out with a solution expressed in
a form of a building. A solution could not be
achieved unless the student has a clear idea what
the problem is.

2. Collect Information: This phase is
the research phase of any design project. This
research can vary according to the demands of
the instructor and the type of project. Studying
the type of project according to the site location
and analyzing it. This could be achieved by
collecting data, start sketching and taking
photographs.

3.1. RIBA design phases

This research focuses on the early stages of
design. In case of architectural design, the
process of design is distinct compared to other
domains. according to design practice into the
definitions by RIBA (Royal Institute of British
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3. Brainstorm and Analyze ldeas: In
this stage, the student is now able to start
understanding how all the data and information
that was collected prior can reflect on the design
project.

4. Develop Solutions: Take your
preliminary ideas and form multiple small-scale
design solutions including sketches, drawings,
etc.

5. Gather Feedback
Design ideas and developed drawings are
presented to instructors and professionals in
order to share their comments and
recommendations for further improvements.

6. Improve Work: It is based on the
reflection on all the feedbacks taken from
instructors’ comments and feedback.

Architects), the design process for any project is
divided into several stages (Table 1 elaborates
the design phases related to architects).
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fig. 9 RIBA Plan of work (RIBA, 2020)

Table 3. RIBA Plan of work and expected tasks (RIBA, 2020)

Design
Process

Phases Phase Type Expected tasks
-Strategic - Site Requirements
Definition - Areas and Space

-Preparation and
Brief

Pre- Design Phase

Requirements

- Space Relations

- Site Analysis

- Project Requirements

- site development planning,
- on-site utility studies

- zoning and functional
analysis, etc.

-Concept Design

-Spatial
coordination

-Technical
drawings

Schematic Design and
Design Phase

92

- space layout or space
schematics.

- conceptual site and
building plans.

- preliminary sections and
elevations

- preliminary selection of
building systems and
materials.

- approximate dimensions,
areas and volumes,
perspective sketches, study
models.



3.2. Design Studios

Design studios should deliver the right content
to students by teaching them how to enhance
their creativity in design. In this process,
students are trained to develop their design
concepts and form generations to meet the right
functional use of the project. Afterwards, the
students learn how to perform their designs in
different ways such as visual graphics, manual
rendering or by 3Dimentional modelling
animations. Corona Martinez (2003), declared
that the design studio is the main key activity for
every architect, as the design studio is the place
where every student is gathered in order to learn
how to become a better designer. Traditionally,

4.

BIM education is the process of learning the
knowledge related to BIM workflow, process,
tools and technology and protocols. (Succar et
al., 2012). BIM education has come out as the
result of need to better equip future graduate
students with the capabilities demanded by the
Architecture, construction and Engineering
(AEC) industry (Joannides, et al., 2012). Thus,
implanting BIM in courses and modules was a
strategy to promote the adoption of BIM in the

the architectural design process is taught within
a studio context. In studios, students are capable
to generate ideas and express them, evaluate
alternatives as to conclude a decision.
Representations are made in a form of sketches,
drawings and three- dimensional models. This
facilitates testing the hypothesis of the
represented designs (Gross et al.,1998). The
studio environment enhances the
communication and collaboration of students
and their interaction together (Student to
student- instructor to student) (Anthony, 1991;
Boyer et al., 1996).

Building Information Modeling in the architecture education

architectural education institutions. (Association
of Collegiate Schools of Architecture, 2010-11;
Barison & Santos, 2010a, 2010b; BIM Industry
Working Group, 2011). Bilal Succar, has
founded the BIM education working group
(EWG) in December 2011 out of 11 members in
order to influence the importance of integrating
Building information Modelling into the
educational process (Succar et. al, 2012).

4.1. BIM Stand Alone classes and BIM process Integrated design studio

Teaching BIM within Architectural education
sector could be divided into two pillars; Stand-
Alone BIM Classes and Integrated Design
Studio as referred in fig.9. First, the stand-alone
BIM classes method is the way of teaching BIM
only as a 3-dimensional modelling software.
(Association of Collegiate  Schools of
Architecture, 2010-11). This method has been
firstly implemented in the mid-90s by two USA
universities, Georgia Institute of Technology
and The Texas A&M University (Barison &
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Santos, 2010a, 2010b). On the contrary, the idea
of creating an Integrated Design Studio has been
introduced in 2006 in Penn-State University and
in G- Lab in Milan and other universities
(Barison & Santos, 2010a, 2010b; Mandhar &
Mandhar, 2013; Onur, 2009).
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fig. 10 Stand-alone vs. Integrated design studio (By Author &, 2019)

4.1.1. BIM Integrated Design Studio Case study

An observed and recorded a studio-based design
that had a partnership with a professional
architect. The case was drawn from a fourth-year
group of 18 students. The class was separated
into groups at the beginning of the first semester
so that they can work together. The studio
project was introduced by a client in the Dublin
City Council Architectural Department. The
student groups were assigned to work within 12
weeks. Only group no 4 was selected by the
architect because of their commitment to work
with a BIM process. Unit four consisted of six
students, five of the students had, the previous

academic year, completed the NQAI Level 7
BSc in AT. The sixth student had received his
award the previous year. The first meeting with
the architect was on week 2, the architect
decided to take one typical building block
consisting of eight senior citizens apartments on
two levels with a space to the east gable end for
a proposed tower block six stories high. Students
had 4 meetings with the architect over the 12
weeks duration.

s

-~
-~

D N

fig. 10 Students' First collaborative meeting
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fig. 11 Students developing design through sketches

The second observed collaborative design
meeting took place in week five, completed
drawing were to be submitted on week 7 and the
final observed collaborative design meeting was
on the week nine. Presentation to the client of
group work took place in week 12. This provided
an insight into the thinking of the group through
interaction, conversations and within the
integrated BIM process. The author took notes
of the interaction between the students and saw
the Revit collaborative application working. It
was observed in each case a positive reaction to
the collaborative working on the digital model.
The group always sat around a large table in the
students’ studio where each member had a view
of each other and were able to contribute
verbally to the discussion. On the table were a
large selection of hand sketches done in pencil
and pen on light transparency paper. In the early
discussions the researcher noticed that all the
plans and elevations of the concept by the
architect were in a hard-line sketch format. One
of the groups more advanced in Revit started to
address the design project. In the next stage
students continued a methodology of designing
the concept solution using sketches on light
transparency papers. The author noticed that
when the architect was explaining an idea in
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relation to a portion of the building, he used his
hands to form 3D shapes and volumes to give
expression the idea and to make it easier to
understand and visualize. As the number of
sketches increased, problems occurred. Locating
sketches became difficult as the group had to
shuffle through pieces of paper to manage
drawings together. By the end of week four the
group was contributing as collaborators in the
design process with their increased commitment
to and involvement with the project. They were
representing the design information to the
architect with hard copies drawn from CAD
formats. The architect continued investigating
design changes using transparency paper
overlays and pencil sketching. Although there
were areas of the design still not fully resolved
the students had a submission deadline for the
end of week seven to submit general
arrangement drawings for formative assessment
on their project and the students decided it was
time to develop the BIM model. The building
elements were grouped into work-sets with each
student taking responsibility for a set. The
general arrangement drawings were handed up
on time and following formative assessment by
the fourth-year studio staff unit four received the

highest mark in class for their work.



fig. 12 Students introducing BIM Model to the architect

5. Research Methods

The study focused onto applying a survey
questionnaire in appendix A to year 1
architecture students of the British University in
Egypt to investigate their current acquaintance
about integrating BIM process into the
architectural design process. The research
focuses onto the closed ended questions. The
closed ended question is one that gives multiple

45

14

14
8 -
3 3
2 4

choice responses that can be rating questions, a
yes or no question, rating scale or even
statements that the respondent must choose the
relevant answer from his point of view out of the
provided answers (Siniscalco & Auriat, 2005).
The questionnaire was distributed amongst 62
students.

m Keywords

® 3D Models

# Moodboard Manual
Sketches

Manual Sketches

others

)
£

In Order to create ideas about your design project

what do vou use?

fig. 13 No of students checked (By Author,2020)



No. of students who answered with (Manual 14 students of percentage 23% only who
sketches) were 45 students out of 62 which  answered with (3D Models).
represents 73% of the total students. However,

Choose the best steps of a design process

= Research about the project-
2D sketches- 3D model-
Final Presentation

= 3D Model-Research about
the project- 2D Sketches-
Final 3D- Final Presentation

» Research about the project-
3D Model- 2D sketches- 3D
model- Final Presentation

fig. 14 Percentage of students on design process (By Author, 2020)
This indicates that students don’t use the 3D modeling at the beginning of their work as they prefer
using it in late work.

Do You Know BIM (Building Information
Modeling)?

m Yes
® No

Only Heard About
it

fig. 15 Percentage of students knowing BIM (By Author, 2020)

The main basic question about if the student answered yes and the other 21 students of 34%
knows about BIM or not. 40 students out of said that they only heard about it.
them which represent 65% answered no, 1
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Do you find creating a model in your project
can help you understand more?

mYes
= No

« Haven't experienced vet

fig. 16 Percentage of students whom find creating a 3D model useful or not (By Author, 2020)

Do You Prefer Working Individually or in a
group?

® Individually

u Group

fig. 17 Percentage of students whom prefer working individually or in groups (By author, 2020)

40 Students answered that they prefer to work
individually which assures that they do not
understand the importance of integrating BIM
process and its importance in enhancing

6. Discussion

This paper is a call for architecture universities
to think seriously about making BIM process as
an integral part of design studios process. Some
universities were able to transform this change
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collaboration and communication through
visualized models.
however, others lack its integration. The

following tables describe both the traditional
design process and the BIM process in design.



Each process phase has its representation tools
and types.
Table 4. Traditional Design process (By Author 2, 2020)
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Table 3. BIM process in design (By Author 2, 2020)
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Table 4. Comparison between both traditional design process and BIM design process (By Author 2, 2020)
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The previous qhestionnéire results prové that
there is a need for the integration of Building

7. Conclusion and Recommendations

After understanding the definition of BIM and
its implementation through the past decades till
the time being, it is mandatory to understand its
importance of integration and improvement in
the Architecture, Engineering and Construction
(AEC) industry. Despite the implementation of
BIM technology and tools in the architectural
education. which has been integrated prior in
universities, BIM process is still not introduced
to most of design studios. This problem creates
a gap between the architectural education and
the upcoming advancements in Egypt. Thus, a
further action should be taken to fill in this gap.
A comparison has been created by the author to
relate the traditional design process within the
BIM dimensions of design (1D to 3D). This is
clearly obvious into the presence of mass
modeling within the design phases. Finally, this

information modeling thini(ing prbcess into
the architecture design studios.

comparison took the chance to be implemented
in a design 1 module at the British university in
Egypt. The module coursework brief as shown
in fig. 10,11 has been modified to match BIM’s
goals. This Module was specifically chosen in
order to implement the process of BIM within a
design studio to students at their early stages of
education. This would create a base about what
is Building Information Modelling and its
importance of integration. Looking forward to
further research about whether this experiment is
applicable or not. It is also recommended not
only to focus onto the implementation of BIM
process in the design studio. BIM Process should
also be implemented within the further
dimensions (4D. 5D, 6D and 7D) which focuses
on the time, cost, facility management and
sustainability.

100



Week Lecture Tutonal
No.
1 Introduction to Course ;functions of 1-Analysis of relationships and bubble dsagram of a given
amAnnu Du,mzmmmm - 2 Ednhg:‘;vm pian according to bubble diagram
! - 3-Introduction bzmwmmmm
of different function and residential units, presidents’
analyses.
4-Introduction to group research.
2 Land bullding law, Environmental 1-Editing of the Given plan according 10 land condiions &
conditions and sustainability Environmental consideration
2- Introduction to Group research environmental
conditions and sustainability.
Lecture about Design Presentation of group research
and concepts Examples of small
residential unit concepts.
1-introduction 1o individual project
2- Introduction to Conceptual mode!
1/100 cork
3-introduction 1o Land analysis,
zoning and bubble diagram for the
given design project on A3 sheets.
4 Follow up 1-First zoning and plan draft.
2-Follow up on plans 1/100
3-Follow up on conceplual model 1/100.
5 1-follow up on conceptual section drawings
1-Section Drawings and structural 2-follow up on conceptual plans and study model
elements 3-Introduction to Detalled sections and model structure
2-Sectional and plan modeis plan.
O Concepts Development and facades’ 1-follow up on detailed sections and model structure
design Plan
2-Introduction to elevation drawing with appropriate
presentation. (Shade and shadow, line weight and scale
elements)
7 Lecture on lay out drawing &
presentation of final mass moded
1- Follow up on elevations sections and plans
2- Introduction to final detailed mass modei with
elevations
3- Introduction 1o layout dri :
B Presentation of design projects. tssion of semfinal sketch _sections, elevations
and layout on A3 sheets for portfolio
gl Toliow up on pencil drawing , review of presentation process and feed back

Pre final submission portfolio and 3 d models

Pencll drawings complete

11 cluding drawing A3 boards and 0
N Week project & one week publication via e-learning.

12 Submission of one week project

13 Revision

fig. 13 Design 1 Module coursework brief at the BUE (The British University,2015)
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Using roof garden as a green infrastructure application
To achieve sustainability in new cities

Abstract:

In light of the current climatic changes, many countries are seeking to use Green
Infrastructure to integrate with gray infrastructure due to their environmental,
social and economic benefits. The green infrastructure networks are distinguished
by the diversity of their applications, whether at the level of the building, streets
or the urban district, and the integration between these various applications
maximizes their environmental impact. The roof gardens represent one of the
applications of green infrastructure networks that research focuses on and
proposes to apply them on a wider scale in Egypt, because most Egyptian cities
suffer from environmental, social and economic stress.

The research aims to clarify the legislative and executive challenges of roof
gardens in new cities, in addition to the benefits resulting from designing roof
gardens on residential units.

The study deals with using the technology of rooftop garden cultivation in new
cities as a means to achieve sustainability. The research presents theoretical studies
of roof gardens and an applied study in one of the new cities - Sheikh Zayed City
- and the research concludes with an applied methodology for implementing this
model in many new cities.

Keywords: Roof garden, Sustainability, green infrastructure, new cities
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Sustainable urban design as

approach to resilience of future cities

Abstract:

Crises became natural in cities during the twenty—first century, due to climate change, economic
and social, as cities face many urban problems, cities do not predict upcoming problems but
can plan to address them, that is, achieving flexibility with willingness and ability to adopt
alternative strategies such as responding to changing conditions and crises Sudden, positive
adaptation and shift to sustainability, through more flexible systems and alternative ways of
using resources in times of crisis, as cities are subject to flexible and sustainable urban design
in preparation for a number of issues (urban, social, Economic and environmental) according to
a sustainable future vision, and the research aims to apply theories of sustainability and flexibility
in urban design for cities to manage and operate urban societies, through environmentally
friendly principles so that they are flexible in design and in order to ensure sustainable urban
design to provide the needs of cities with water, electricity and food for all its parts, and to
achieve Principles of zero—frame sustainability, by designing with nature and linking the
presence of open spaces such as parks and gardens, and sustainable food production, the
research concludes with a new strategy to meet the needs of urbanization in the twenty—first
century, to become flexible A living environment, an incubator for all, safe and able to withstand
future sustainable cities, and in pursuit of achieving research goals depends on some
approaches, including the descriptive approach that collects information and sheds light on
theoretical backgrounds, such as the deductive analytical approach to analyze information
derived from theoretical and analytical study , And inferring the foundations, standards, scientific
principles, and the comparative analytical method in order to monitor and analyze study
samples. Using statistical analysis, the results are extracted and illustrated graphically using the
columns method.

Keywords:

Sustainable design - resilient cities — urban societies — globalization — urbanization
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Monitoring and analyzing the smart system of al-Rawda Al-Sharifa building

The Prophet's Mosque represents a milestone in the history of civilization and Islamic architecture in
general and the architecture of mosques and the Prophet's Mosque in particular, and the Prophet's
Mosque is the second of the three mosques to which travellers and prayers are best than a thousand
prayers, other than the Grand Mosque, the sincerity of the Prophet. The hopes of the Muslims will be
filled with hopes and their hearts will go to him from all sides and towards his desire to pay and covet
reward .

Hence the urgent need to establish a study specialized in this heritage to collect, study and provide
to present and future generations a service to the city of The Messenger of God, especially heritage
and culture in general, and to link the contemporary architectural output of the Prophet's Mosque to
the aesthetic, architectural and architectural heritage values

During the seasons, the Prophet's Mosque witnessed a high density of worshippers and the mosque
and the surrounding squares are filled with worshippers. Visiting and praying in the Prophet's
Kindergarten through it at the allotted times, which causes heavy traffic and affects the security and
safety of women worshippers and visitors.

Through the research and applied study on the design process to enter the holy kindergarten under the
vision of 2030, which reaches the number of pilgrims, pilgrims and visitors to more than 30 million
people

The need to develop solutions and proposals that meet the needs of the era is increasing day by day
and meets all the requirements and expectations of the future, and does not affect the heritage
identity that has been established in the conscience of visitors, by organizing the crowds and
movement in the holy kindergarten through the use of technologies and applications Modern, to
facilitate access to the holy kindergarten and to facilitate the performance of the prophetic visit in
safety and tranquility in worshi
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The role of the state in formulating policies of Resilience in the field

of urban planning

Abstract:

The state in Egypt relied on the existence of Authorities that formulate the management of policies
in various fields and coordination between them and in the development of a national plan of action
to implement the activities of the state as well as in the creation of the legal framework necessary
for the implementation of policies and the importance of the role of the state in the development of
policies of resilience that are of interest in our time.

The State draws attention to the formulation of policies that reflect the Government's vision of the
problem and plans are developed to address them and the means of implementation of these plans
The research paper highlights on the concept of resilience and trying to take advantage of the state
agencies and research bodies and educational bodies in the development of urban areas and
environment so as to meet the needs and requirements of the population by raising the positives
and minimizing the negatives.

Therefore, the research paper aims to identify the role of the state in the formulation of resilience
policies, especially in the field of urban planning as well as the best approaches to deal with new
cities (residential Compounds) in terms of:

e Identify the characteristics of urban communities and the factors shaping their features.
e Study of developmental trends.

The importance of resilience in determining the shape of urban fabric in a residential cluster
e Form and formulate life features within a residential community
Since urban upgrading is one of the main objectives of the urban development projects, a model for
a residential community is chosen and studied in all aspects so as to reach planning and
environmental solutions and the use of the principle of resilience in solutions that lead to:
e Access to the approach of formulating and analyzing development policies, projects
and programs. Prioritize and manage implementation.
e Identify key frameworks that need to apply the principle of resilience.
e Improving the visual image of the urban vacuum in residential communities by applying
the principle of resilience.
e Developing the urban environment, which is represented by structural formations and
site coordination, and improving them by applying the principle of resilience.
e Preserving the civilized nature by applying the principle of resilience
e Developing a policy for dealing with the cultural value of the place and achieving the
sustainability of the place
e Preserve the civilized nature and protect the existing monuments
e Translation copied —Translation(feminine) — Translation(masculine)
Keywords: resilience-resilient cities—resilient urban form-Upgrading—Residential communities
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