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Integrating Remote Sensing Techniques and Statistical Modeling to
Estimate Oxidation—Reduction Potential (ORP): A Case Study
of the Al-Kabir Al-Shamali Estuary

Dr. Eng Assem Khatib* Dr. Mouhannad Hassan**
Abstract

Oxidation—reduction potential (ORP) is a key indicator for assessing the water
quality in coastal estuarine environments; however, intensive field-based
measurements of ORP remain limited in both spatial and temporal coverage.
This study aims to evaluate the potential of Sentinel-2 satellite data, integrated
with empirical statistical modeling, to estimate the spatial distribution of ORP
values in the estuarine zone of the Al-Kabir Al-Shamali River during the dry
season. A field-based marine survey was conducted to collect in situ ORP
measurements, which were subsequently linked to spectral reflectance values
and spectral ratios derived from Sentinel-2 imagery. A series of statistical
analyses was then performed to identify the spectral variables most strongly
correlated with ORP, followed by the development and performance
evaluation of a set of univariate and multivariate statistical models using both
linear and non-linear formulations.

The results demonstrate that spectral ratios, particularly G/B and R/B, exhibit
higher explanatory power for ORP variability compared to individual spectral
bands. The multivariate linear model combining the G/B and NIR/B ratios
achieved the best performance, yielding a coefficient of determination of 0.57
with acceptable estimation errors (RMSE=6.7mV and MAE=6.0mV). The
application of this optimal model enabled the generation of a spatial
distribution map of ORP values, revealing a clear gradient from reducing
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conditions in riverine waters near the estuary to more oxidizing conditions in
the open marine environment.

The findings of this study indicate that integrating multispectral remote sensing
data with empirical statistical modeling represents an effective approach for
supporting ORP monitoring in coastal estuarine environments, particularly in
regions with limited regular field measurements, and contributes to a more
comprehensive understanding of coastal water biogeochemical dynamics.

Keywords: Remote sensing, Sentinel-2, Oxidation-reduction potential, Water
Quality, Environmental statistics, Statistical modeling.
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The role of digital twins in promoting the

sustainability of historic buildings
Dr. Ola Khito *

Abstract

Digital twin technology is rapidly becoming a pivotal force in the architecture,
civil engineering, construction, and facilities management sectors. It functions as
dynamic virtual replicas that simulate physical assets and systems in a real-time
environment, supported by sensor data. This technological advancement aligns
with global trends toward establishing comprehensive smart cities and achieving
sustainable development goals. Applications of this technology extend to energy
conservation, traffic management, and improving the operational and
maintenance efficiency of buildings, with a particular focus on historical
structures due to their added value.

Historical buildings are defined as architectural and cultural treasures that reflect
significant human development or are associated with pivotal events in the past.
These structures often possess unique local environmental and climatic
characteristics, given that their original design relied on efficient natural
mechanisms for heating, lighting, and ventilation, in addition to their strategic
geographical locations.

The fundamental importance of digital technologies lies in their ability to
optimize energy and resource consumption, create sustainable systems, and
effectively monitor sustainable development goals, particularly in the
construction sector, by providing advanced tools for building modeling and
decision support. Within this framework, the research explored the potential of
digital transformation in enhancing urban sustainability, with a focus on historic
buildings. The study indicates knowledge gaps in understanding the long-term
contributions of these technologies to improving resource management efficiency
in these buildings and enhancing their resilience to environmental challenges. The
research concluded that sustainability is the current and most prominent
application of digital twins in the construction sector, and most sustainable
practices in historic buildings that can be enhanced through this technology focus
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on reducing energy consumption, preserving their latent energy, and adopting a
comprehensive lifecycle approach.

Keywords: Digital twins — sustainability — digital shadow —Historic
Building Information Modeling (HBIM), historic buildings, Damascus city
*Doctor, Faculty of Architecture, Department of Architectural Design, Damascus
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10 Fernando de Aranda (Madrid 1878 Damascus 1968)was the son of the compouser Fernando de
Aranda who served at the court of Abdiil Hamid 11 between 1886 and 1909, he settled down in
Damascus at the begining of the 20th century and also became homorary consul of Spain during
World War 1st

70



4 jlarall g Aniaall dpcigh) aglad) Alada oA daala daa
sha e 3 2026 als 8 andl 48 alaall

aldles Golladl s
2l paly daelinog dyld o £44d3 Bac

([ ) 153 455,10 812 arle puings il i Jylo glado ) AiLi¥l,
N <Ll gl

g lell glind uin ¥ Gallal) - a8¥1 ladandl oLl nlad g las
”&

—

) sl 1 Gkl (1) Jed
el el B adaia 3(12) Jsdd) -
Jsa)

2l el Alelll dgal ol 1 (13) B HE Y
A-A gl

duady oSl 432 /76/ Je S0 Gl (geiag

Cistuae 38 535 Apad)l) Agalsll (8 Adyd dgay () ALYl (lafi e AU gty Slas
Gl Gl ) Dy s gty olie st auly Tl Apsland) cilaldl e Jha
Y

slae Cilysy Gy ladiye AD dpud) Chyee WDy (Sl /44 Cappll (e d2c aar
agy Sleagine glexdiugy Judl g siad) eiall Gllay 2 adan ) A8l

r ) b dalia) Jdas —3-10

sl Jew iindy dale dale e Jlayy Al S5e b pi

LSy syhall e Laliadly dlad) ) aailady Cogpd) aall oo Ll oLl sale
oahalls a¥) ) dsla) cduaylal) Galall Jalse dasliag

71



Aa ) A) Aalaiaal 3a5as B Aad ) adl gl g0
il Aalise o Cipall Aalise causlitig lapa oLl 8 Capal) 4818 1) Apnpdall 30y Joci
oo 550470 i) g i) il e
a8, dgalslly «%16.02 dpsiall dgaldlly %32 Adlaill dgalsd) o ) G il
& %2539 Jss dyall dgaldlly (%19.29
Sy 22100 Camsiadl sl daliss 2344 Lgabus iliy Laulul) Ayslandl daldi-
:%20.96 &Ll Ly dus
dpangs ol golell (AN U ke ity el (e isllen s 5gd a1 i)
(zstis DUael) dsal Jalgall il oSU5 Gas elsell (8 Asanall Gllsall (0
olae Cippeat Ao ju Cum (e Aid) LI (e apal) Al a0 038 Jlaninsd adlus
SV Aalia) e hall 5 painnall Ayseil)  Mallys ¢ Jiaal) ) ALRIAN e)gel) £ 30l ¢ Uady)
gl il cutia WS Adalall dgilsed) ALY 30l
2007 ale bl o aliall L lal) culgals Calaty e (oSa s Aailaall Cudli-
o L) llgig (V) My Aol o L) il Ty @llyg oLl (ga %6 40 Jlgm oLl Gt
L asdl e J81 cilieS JS<
(Fald) Jilad) o LygSls olaall Dl (pa Qi ) 5055 e Ll 8 clarsll Al
2026 Aplenall duxigh LIS 3 Jae Ay jaad) t bl el s UM &) Ay B @
s Agmpdal) dyseill e ae Ly Cumy cpguall aall Al o Lall Qi 1 el 4o
Jjie gha L) 90 5e L)
i) A
5L Ul Y1 o il g Auyals dsial) Fgald) G Jaadls :jlesally ALSY Jolas
iy dndi Jlly el A8 Ay)ha iladles Gl "Rial Tl Ll ey Las ¢ 505
Aganla Apha dal) s Lee ()31 @lil 3560 lalialls dledl) dgalsl) Jelii Cua
zlend) ()50 Lpmgda 5oLl e Ll gy Cum calall a8 "o Ll Al il a1 dggidl
Al cyaall Jala gylall Gulia¥) wiay Las dlish cilelad Jsaally 580l Guedll

72



%JM\J@M\@M@\@JM!M e daala das
ShaNe 2026 slc 8 33 48 aal

O ir Lae o eanatid)/ 3501 slll) i Agalsll e Adand) ¢ 1ay) Aabluad) JSUAN a6
alall ise 8 Aplanll el 3355 ey 13s cllad) Gkl AL ceae )Y Gildal)

-

g ) \‘-\/

v.qu\ Ul dyha Ll 1(14) Jsi
DAl LadAl —4-10
Jumdy bl g lasY) (o LIS aialie (o % 30 dlea 8 sl sy tagasall) 3¢ lis
Ayl lall 5)les dausi g ¢ 1 ¢ L)
Ons (L) sball mhadl G (a3 Al 2000 ) deay Byl s 4y el §sadl)
siaal) a3 ol 4Sn e ae by o lsell L 3 B (313 Laa o)) oLl ¢
OSa clelie 1Y) s SN e %0 22 Jiah Al A mhan) S5 s cinial) Adak
12.%40 ) deatt danty Allaa) dphal) ) 501 1)
LSl dnmg i) 8585kl Al ool aai ) (5) Jsaad) e

‘Ju; Al sl B dal i) du; da)xin) alds
< Jadalt) ~ Ll iual) 28)gal)
- d8UaY) 3¢ lis «/ Ataal) A5l Baga
V Agall L) - AN Jalig ol 30
W plasiuy) daley ciusal - M) Julig 48Ul 50

12 Gias Gaals — i jlesall il IS 8 Jac B 5
73



Aa ) AaY) Aalaiad a8 A ) ) gil) g0

v Aapilal) Uy ghsall e v A Siaually LpalBY) Slgally Lisall 503
W Aol A3l iy 4 @) alatdy)

J Al Lgdag oLl o)) Cppaund J o8 Ala A L) gl o Blial)

O\sall Ol 8 Qi dialf
Ll b Adal) gl Gl dadaal 4 Laal)

- slually A8Lal) B WS apdins - Ll i) (gatl i) b sy
- slually ABUa) eMgiind A8)p 5 9
Y Al

- Skt il

- slal) Mgiad i s

7 13

sl 3 i) Zal) ailiads Jal) axcags sl 8 558 5ial) Zali) (5ol ani 1(5) Jgaad)
o) 0S5 VS ll udhss AU 6 liS iy (Bl Dlginl (mid S 8 Coea Gl elayy ek JS3
4o sl 5 JSA (385 Aliaall dalaiual) (gabiall 220 )
e A 2l alaic) Anaaf ) Adaall AG L) Alla) an pudd cAdaal) Judas A

Aaldg Wi B sty o) 5a¥) Lty s (he plial) 130 4y piiaiy Wl aliali Ak

.48l 5z liS (6 Sita ,_Aﬁ

Al i) ) ) Jlags Aalad) galisl) —11
eabyl) algil) g
A Bypea ) e e G (o)l Gl o Abal) il 1)) Al Aapley o gede —
oyl Jaty 2 cplaliie cpaladl 8 i) 13 ehaty . a el alas gy cdiyli ala)
Ol () Al Y1 Asal) e Jolall Jus Aaali8Y) Al J) dal) Jud) o
(@3 S Ll peise 385 e alaie YL @l cails)

74



@JM\J@M\@M@J\@JM!M e daala das
ShaNe 2026 slc 8 33 48 aal

(oSalian 8)3) alas JSl ¢ inall ZSL) 28yl An il o sgde dad )l Al Al olas —
ol Aplail) gl ady ae el bl slinall oali@y) el Al ) cargg
SN o ) bl callss

trA ) U B A ) (gl o

Jaa ALY s Al dalnia) G ) ) alas: spdall (B )l gadail) cliglsl —
cailly o Ll g Und (pana Ayl gl il Lpanl Y1550 e calll Gl

A Al Aalll) o Lsaty Sl A it Lngiall (i dngrial) A Jalss —
50 480 gl Ll cilind) Jisad ey Les o(elsind) ulea oAyl

I ) "dad 38 Aadlall Lhuall' Laiilin) e JEY) (Al sl e
sl A Adiy) jase a5 " (Proactive Maintenance).dslisll dalowy)

- Spull
cadal) aall (e diadl) Eplll JSLel) gag AaEil) afgall Al sl Alaiay) —
Les cdpaall Jlually 45l ddapaal) dysal) iyl olas Ale AS)as dlisn (ashalls

3 yiusall Lpadl) 51SLaall g Taliin) SSYI (gjlanall Jaail Lelaa,y

PN Wty Lalsiu) (g g o

Al el Julatl) AlS) b)) alsill 3lSlae i 2 gyhally () Cpuandl) —
abaall B hall eV ) Jsagll ey Lae cigjlanall A5 Jals 4yl
o)y Al Cillead 48U D) Jali s (ASpandl Ay yaal)

el AUa) 8 Al 40650 Aslal) e alaie W) aga AnLESY s Lalaiy) ggaad) —

oo Db (Jaadall il 4y Janmy (Lol Lelvind) 450 slaadl o) gay)
(bl alxind) i) S gdall aasil) cililee e il CallSl (=i
tshnbal) (g gl o

75



Aa ) AaY) Aalaiad a8 A ) ) gil) g0

Labaadl) syl Agldailly bl cilajiall ol ABUAY 5o lS cpa oaupadll (8l —
e a3l 5 Lo pag Bl Mi5 a9 i (A Asd)ll ASlall 3l (2 haladlly 1
Odieapadl il cuhyall callsll (P e disia

Al "lall el gl il cpedal: (aladl o) Adaall dpadal) Alad) ans —

5l (gginn e Tl semd o L V) i dnade Aol i ydias ailiad]

3o US adyl il ol il alaie dpalall diaa) Cinll iy cagle 5Ly 48U

Ayl And) dgdle o ol apenill AL A as o Jialil sale) Jalad ¢ U 45U

Alasyy Akl paibadll Jilal Al (3de Anne S

ip@alall -12

Aasal) daluy aBley plel) isat Ldidsd dudtad dufs .(1990-1989).0l) cauld zatll —1
PAg) g (aliad + (3diad dmala b Al

Une ¢ piia Cony « UV Aildl) A (8 01949 o licall 2153 .(2026) s cGlasdus .[2]
s cmen <3 20a0) (48 alaall edlenalls didall dpdigl asbell Al aes dals

[3]. Akyol, G.& Berkay Avci, A. (2025), Digital Twins in Heritage Conservation
and Visitor Engagement: Comparative Case Studies from Four Historic
Sites, Periodica Polytechnica Architecture, 56(2—3), pp. 80-93, Budapest,
Romania.

[4]. Batziou, E. & others, (2025), Digital Twin Development for Cultural
Heritage Buildings: A Multimodal Approach to Simulating Energy
Performance, ACM IMX Workshops,USA.
https://doi.org/10.5753/imxw.2025.9461.

[5]. Bortolini, r. & others, (2022), Digital Twins’ Applications for Building Energy
Efficiency: A Review, Building Energy Efficiency: Energies 2022, 15, 7002,
https://doi.org/10.3390/en15197002. Basel, Switzerland.

[6]. Bover, A., Torres, J.Hug Bitlloch, C. & Vila,J.(2021), Skylight of the hotel RITZ:
case study, © Springer Nature Switzerland AG 2020.

76


https://doi.org/10.5753/imxw.2025.9461
https://doi.org/10.3390/en15197002

@JM\J@M\@M@J\@J&S!M e daala das
ShaNe 2026 slc 8 33 48 aal

[7]. Chen, Z. & Huang, L. (2020), Digital Twin in Circular Economy:
Remanufacturing in Construction, World Sustainable Built Environment
conference, Series: Earth and Environmental Science 588, Bristol, UK.

[8]. Envision & institute for Sustainable infrastructure, (2025), Advancing
Infrastructure Sustainability Through Digital Twins, Report Card for
America’s Infrastructure). Washington, D.C.

[9]. Ewart, L. & Zuecco, V. (2019), Heritage Building Information Modelling
(HBIM): A review of published case studies, This research was carried out as
part of an Erasmus+ Student Traineeship between the Universities of
Reading, UK and Padova, Italy.

[10].  ecclesiastical.ca, (2023), Sustainability for Heritage Buildings:
Balancing Preservation and Environmental Responsibility, white paper,
Toronto, Canada.

[11]. group sanjose, (2021), information of activities,
www.gruposanjose.biz. Pontevedra, Spain

[12]. group sanjose, (2019), activity report, www.gruposanjose.biz.
Pontevedra, Spain

[13].  Hosamo, H. (2023), Digital Twin technology toward more sustainable
buildings Predictive maintenance, energy optimization and occupants’
comfort in non-residential buildings, Doctoral Dissertation for the Degree
Philosophiae Doctor (Ph.D.) at the Faculty of Engineering and Science,
Specialisation in Renewable Energy, University of Agder, Norway.

[14].  hotel group, (2018), Hotel Ritz, Madrid Announces Restoration, news
release, Madrid.
[15]. KAKDAS ATES, D. & AKALP, (S.), (2025), The Future of Heritage:

Digital Restoration and Intelligent Modeling Approaches in Historic
Buildings, International Journal of Multidisciplinary Studies and Innovative

Technologies, vol 9, Skopje, North Macedonia.

77


http://www.gruposanjose.biz/
http://www.gruposanjose.biz/

Aa ) AaY) Aalaiad a8 A ) ) gil) g0

[16]. Karatzas, S., Lazari, V., Fouseki, K., Natalia Pracchi, V. & Balaskas, E.
(2024), Digital twins—-enabled heritage buildings management through
social dynamics, Journal of Cultural Heritage Management and Sustainable
Development, Vol. 16 No. 7, 2026, pp. 150-166, Bingley, UK.

[17].  Lemian, D. & Bode, F. (2025), Digital twins in the building sector:
implementation and key features, E3S Web of Conferences paper,
Romania.

[18].  L.Webb, A. (2017), Energy retrofits in historic and traditional buildings:
A review of problems and methods, Renewable and Sustainable Energy

Reviews, vol 77, https://www.sciencedirect.com. Netherlands
[19].  Liu, N.F.; Liang, X.X.; Zhang, Y. (2024), A Digital-twin Based Conservation

of Campus Historic Buildings under Sustainable Development Framework,
(60th ISOCARP World Planning Congress “Reinventing The (In)visible Cities”

Siena, Italy.

[20]. Massafra, A., Predari, G. & Gulli, R. (2022), Towards digital twin driven
cultural heritage management: a HBIM-based workflow for improvement
of modern buildings, The International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences, Volume XLVI-5/W1,
Prague, Czech Republic.

[21]. Massafra, A., Costantino, C., Predari, G. & Gulli, R. (2024), Modern
Construction in Italy: the Institute of Mathematics in Bologna, 8th
International Congress on Construction History — Zurich.

[22]. M. Okba, E. &E. Embaby, M. (2013), Sustainability and Heritage
Buildings, International Journal of Engineering Research & Technology
(IJERT), Vol. 2 Issue 8, Bangalore, India.

[23].  Michelucci, G. (2010), I nuovi istituti di matematica e geometria, Book,
ISBN 978-88-902128-6-4, Bologna, Italy.

[24]. NI, Z. & others, (2025), Parametric Digital Twins for Preserving
Historic Buildings: A Case Study at Léfstad Castle in Ostergdtiand,
Sweden, IEEE Access Journal, Vol 13, USA.

78


https://www.sciencedirect.com/journal/renewable-and-sustainable-energy-reviews
https://www.sciencedirect.com/journal/renewable-and-sustainable-energy-reviews
https://www.sciencedirect.com/

@JM\J@M\@M@J\@J&S!M e daala das
ShaNe 2026 slc 8 33 48 aal

[25].  Pr’edhumeau, M. (2025), Sustainable Urban Digital Twins: Reducing,
Reusing, Recycling Models, The 19th International Conference on
Computational Urban Planning and Urban Management (CUPUM), CASA,
UCL, Jun 2025, London, United Kingdom.

[26].  Standardization Council Industrie 4.0), (2024), Digital twin reference
model and standardization fo realize a sustainable industry, THE
ROBOT REVOLUTION & INDUSTRIAL IOT INITIATIVE, Tokyo, Japan.

[27].  Sghiri, A. & others, (2025), Leveraging Digital Twins for Enhancing
Building Energy Efficiency: A Literature Review of Applications,
Technologies, and Challenges. Buildings,
https://doi.org/10.3390/buildings15030498, Basel, Switzerland.

[28].  Wright, L. & Davidson, S., (2020), How to tell the difference between

a model and a digital twin, Advanced modeling and simulation in
engineering sciences, no 7, vol 13, Zug, Switzerland.

[29].  W.H.Fung, I., Tsang, Y., W.Y. Tam, V., Xu,Y. & C.K. Mok, E. (2017),
A review on historic building conservation: A comparison between
Hong Kong and Macau systems, Renewable and Sustainable Energy

Reviews, vol 71. https://www.sciencedirect.com. Netherland

[30]. Yang, p.& others, (2020), Review of built heritage modelling:
Integration of HBIM and other information techniques, Journal of Cultural

Heritage, Volume 46, https://doi.org/10.1016/j.culher.2020.05.008 .Paris,

France.

[31].  www.tishreen.inet.sypydi sayal g SN adsall
[32].  Wikipedia.com

79


https://doi.org/10.3390/buildings15030498
https://www.sciencedirect.com/author/7006797603/ivan-wing-hong-fung
https://www.sciencedirect.com/journal/renewable-and-sustainable-energy-reviews
https://www.sciencedirect.com/journal/renewable-and-sustainable-energy-reviews
https://www.sciencedirect.com/
https://www.sciencedirect.com/journal/journal-of-cultural-heritage
https://www.sciencedirect.com/journal/journal-of-cultural-heritage
https://www.sciencedirect.com/journal/journal-of-cultural-heritage/vol/46/suppl/C
https://doi.org/10.1016/j.culher.2020.05.008
http://www.tishreen.inet.sy/

Aa ) AaY) Aalaiad a8 A ) ) gil) g0

Gl g5

80



@JM\J@M\@M@J\@J&S!M e daala das
Aadlal) ¢ a2 2026 plc 8 2wl 48 alaal)

g Liaall < 19301 ol a8 iauly daduoll daigoiaadl 3ilgall Jeiall dogliow paicill
ILM‘ OL.B—& Q.\J\.\ e..\

ALaay) Laigl) and dbaa Auigh 4 3 jgia: ]

Cayl) gadls

c@ygaall Tarually 2y (ailly Callaat¥) cula U Aelad) A8Lay) JladY) aal gl Ji,
L ccValeall & besen W3] 5y ol Jalgall (o 5€ aaey 450 jualiall (al) daglie il
A smnl) IS alasinly dlall i) e daluall Al 3al) doglie iy Cand) 14
Dloals cayy Gl g eVl (e LIS 8 Lglled cind] ) e lual) ¢ IS ol aa dpeial)
330, (Sigmoid Jess aalis Uadll gyl wad il alasinly £3aal) Lpalel dgrina Ay sune 4SS
BlSlae (8 disuanl) CISLAl Al Aol iy S8y Jill doslie o 3550 Jalse Bydial liic)
daf Cily Cun ¢ Jilsal) o3¢ Jul) doslie daf iy Alall Jill) e dpgadl Sl ol
8yshaall 408l culael A (g yral) ansill Waall Lagia jiag gyal) ol (adl) auigic
DLaaY) gl i) Uadl) Jasgie dad cilys RMSE=2% AVG=2.1% :casll e

.0.28%

dalida cilalg
rial) A guasl) GluEl Ji8l) daglie cdalual) Angiall el

81




Predicting of Torsional Strength of Reinforced Concrete Beams Using

Artificial Intelligence

Dr. Dareen Alsalamah!

1: doctor in structure department, Faculty of Civil Engineering

Abstract

Torsion forms one of the basic structural actions besides flexure, shear and
axial compression/tension. The torsional strength affected large number of
factors which aren’t taken in equations. There are many attempts by
researchers to estimate these strength by relying on as many influencing
factors as possible. We used in this research one of artificial intelligence
techniques which is neural network, which proves its effective in a lot of
applications, to estimate torsional strength of reinforced concrete beams. We
trained and tested feed forward networks using back-propagation with
Sigmoid activation function, by considering ten factors affecting torsional
strength. The result demonstrates that neural networks are effective in
simulating the torsional behavior of reinforced concrete beams and estimate
torsional strength of these beams. The minimum mean relative error and root-
mean-square error (RMSE) yielded by the developed network were AVG =
2.1% and RMSE =2% , respectively. Additionally, the mean relative error for

the testing samples = (.28 %.

Key words:

Reinforced concrete beams, torsional strength, artificial neural networks.
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5 0.2258
8 4 1 6 3 7 8 7 1 4
25. | 38. | 21. | 34. 318. 1 0.005 | 0.011 | 26.8
6 26 0.1016 | 320
4 1 6 3 6 3 7 7
26. | 25. | 38. | 21. | 34. 322. 0.005 | 0.026 | 32.5
7 0.2258 320
8 4 1 6 3 1 3 1 1
28. | 25. | 38. | 21. | 34. 319. | 342. | 0.011 | 0.005
8 0.0466 29.8
8 4 1 6 3 3 8 7 4
26. | 25. | 38. | 21. | 34. 0.026 | 0.005
9 0.0466 | 334 | 342 34.4
5 4 1 6 3 7 4
26. | 25. | 25. | 21. | 21. 0.007 | 0.008
10 0.0607 | 334 | 345 15.3
5 4 4 6 6 9 1
27. | 25. | 25. | 21. | 21. 328. 0.024 | 0.023 | 29.6
11 0.1767 329
2 4 4 6 6 3 0 7 9
27. | 25. | 25. | 21. | 21. 315. | 327. |1 0.031 | 0.032 | 34.2
12 0.2391
6 4 4 6 6 9 6 6 0 1
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Fc Fyl | Fyt Tr
N M : 8 X v At M M % 1 % K
o) S a a % % n.
( P (cm) (cm) (cm) (cm) / ( P ( pa | ¥ g (
a) ) ) m)
30. | 25. | 50. | 21. 0.006 | 0.006
13 47 1 0.0591 | 323 | 334 40.3
9 4 8 6 2 3
26. | 25. | 50. | 21. 338. | 327. | 0.008 | 0.008 | 49.5
14 47 | 0.0829
8 4 8 6 6 6 8 8 6
28. | 25. | 50. | 21. 325. 1 321. |1 0.012 | 0.012
15 47 1 0.1129 64.8
3 4 8 6 5 4 0 0
26. | 25. | 50. | 21. 327.10.0151 0.016 | 71.9
16 47 | 0.1505 | 331
9 4 8 6 6 8 0 1
29. | 25. | 50. | 21. 0.005 | 0.006
17 47 | 0.0561 | 334 | 350 39.1
9 4 8 6 9 0
25. | 50. | 21. 319. | 322. | 0.009 | 0.009 | 52.6
18 | 31 47 | 0.0884
4 8 6 3 8 3 4 1
28. | 25. | 50. | 21. | 34. 322. 0.013 | 0.010 | 73.3
19 0.1232 329
3 4 8 6 3 1 2 7 8
45. | 25. | 38. | 21. | 34. 0.008 | 0.008
20 0.0725 | 325 | 349 36
2 4 1 6 3 2 4
44. | 25. | 38. | 21. | 34. 343. | 333. | 0.011 | 0.011 | 45.6
21 0.1016
8 4 1 6 3 4 8 7 7 1
25. | 38. | 21. | 34. 315. | 326. | 0.016 | 0.016 | 58.0
22 | 45 0.1401
4 1 6 3 2 2 0 2 2
25. | 38. | 21. | 34. 310. | 325. 1 0.021 | 0.021 | 70.6
23 | 45 0.1847
4 1 6 3 3 5 1 3 7
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Al g3 .3 2026 slc 8wl 48 alaall
Fc Fyl Fyt Tr
N M : 8 X v At I\)//I l\j % 1 % K
o S a a % % n.
( P (cm) (cm) (cm) (cm) / ( P ( pa ¥ g (
a) ) ) m)
45. | 25. | 38. | 21. | 34. 325. 0.026 | 0.026 | 76.6
24 0.2258 329
8 4 1 6 3 5 7 1 5
14. | 25. | 38. | 21. | 34. 327. | 346. | 0.005 | 0.005 | 21.4
25 0.0466
3 4 1 6 3 6 2 3 4 5
14. | 25. | 38. | 21. | 34. 340. | 0.008 | 0.008 | 29.1
26 0.0721 | 320
6 4 1 6 3 7 3 3 3
16. | 25. | 38. | 21. | 34. 388. | 337. |1 0.011 | 0.011 | 35.2
27 0.1016
9 4 1 6 3 6 2 7 7 2
16. | 25. | 38. | 21. | 34. 324. | 331. | 0.016 | 0.016 | 40.6
28 0.1401
8 4 1 6 3 1 7 0 2 4
30. | 15. | 49. | 11. | 45. 335. | 337. ] 0.010 | 0.010 | 23.7
29 0.0677
6 2 5 4 7 9 9 3 3 1
15. | 49. | 11. | 45. 315. | 320. | 0.015| 0.015 | 28.4
30 | 29 0.1042
2 5 4 7 9 7 9 8 5
28. | 15. | 49. | 11. | 45. 344. 0.022 | 0.022
31 0.1505 340 35
6 2 5 4 7 1 6 8
29. | 25. | 38. | 21. | 34. 326. | 353. | 0.008 | 0.005 | 30.3
32 0.0476
9 4 1 6 3 2 1 3 5 7
26. | 25. | 38. | 21. | 34. 322. 1 326. | 0.016 | 0.010
33 0.0924 43.8
8 4 1 6 3 1 2 0 7
26. | 25. | 38. | 21. | 34. 318. | 326. | 0.021 | 0.014 | 49.5
34 0.1233
6 4 1 6 3 6 9 1 2 6
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N M : 8 X v At M M % 1 % K
o) S a a % % n.
( P (cm) (cm) (cm) (cm) / ( P ( Pa | H ¥ (
a) ) ) m)
25. | 38. | 21. | 34. 335. 0.026 | 0.018 | 55.6
35| 28 0.1563 331
4 1 6 3 2 7 1 5
29. | 25. | 38. | 21. | 34. 317. | 340. | 0.031 | 0.018 | 60.0
36 0.1563
4 4 1 6 3 9 7 6 1 6
28. | 15. | 30. 28. 346. | 344. | 0.006 | 0.006
37 13 0.0350 8.99
7 2 5 3 2 8 1 2
30. | 15. | 30. 28. 337.10.011 | 0.011 | 14.4
38 13 0.0635 | 331
4 2 5 3 9 1 3 5
27. | 15. | 30. 28. 351. | 351.10.009 | 0.009 |12.1
39 13 0.0508
3 2 5 3 7 7 2 1 9
27. 1 15. | 30. 28. 340. | 355.10.014 | 0.014 | 15.6
40 13 0.0798
3 2 5 3 9 9 2 2 9
35. 45. | 45. 356. | 356. | 0.007 | 0.007 | 138.
41 50 50 0.1028
3 4 4 7 7 2 5 6
26. 541. | 541. | 0.006 | 0.007 | 42.1
42 44 24 42 22 | 0.0584
4 4 4 6 1 1
39. 541. | 541. | 0.006 | 0.007
43 44 24 42 22 | 0.0584 46.4
1 4 4 6 1
49, 541. | 541. | 0.006 | 0.007 | 48.5
44 44 24 42 22 | 0.0584
8 4 4 6 1 4
39. | 29. 14. 442. | 568. | 0.006 | 0.006 | 13.8
45 16 28 0.0363
1 4 6 4 9 4 6 9
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N M : 8 X Y At I\)//I l\j % 1 % K
o] s a a % Ml % n.
(Mp (cm) | (cm) | (cm) | (cm) / (Mpa | (Mpa | 1 (
a) ) ) m)
36. 431. | 436. | 0.006 | 0.006 | 39.1
46 44 24 42 22 1 0.0532
1 6 5 3 4 7
32. | 32. | 30. | 30. 557. | 557. 1 0.003 | 0.003 | 21.1
47 | 19 0.0288
4 4 4 4 1 1 3 3 1
17. 18. 16. 432. | 432. 1 0.004 | 0.004 | 19.9
48 58 56 0.0305
6 6 6 6 6 0 1 8
19. | 80. 78. 441. | 441. | 0.004 | 0.004
49 14 12 | 0.0282 21.9
5 6 6 4 4 5 5
432. | 432. 1 0.003 | 0.003 | 19.5
50 | 19 44 24 42 22 1 0.0305
6 6 5 7 3
19. 432. | 432. 1 0.005 | 0.005 | 28.5
51 44 24 42 22 | 0.0455
5 6 6 2 5 6
432. | 432. 1 0.006 | 0.007 | 34.3
52| 19 44 24 42 22 1 0.0610
6 6 9 4 2
570. | 570. | 0.006 | 0.007
53| 19 44 24 42 22 | 0.0580 33.3
9 9 6 0
19. 441. | 441. | 0.003 | 0.006 | 23.9
54 44 24 42 22 1 0.0560
5 4 4 2 8 3
18. 441. | 441. | 0.006 | 0.005 | 31.0
55 44 24 42 22 10.0418
5 4 4 4 1 4
18. 441. | 441. | 0.006 | 0.003 | 25.9
56 44 24 42 22 1 0.0280
5 4 4 4 4 6
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N M : 8 X Y At M M % 1 % K
o] s a a % % n.
] fomy | tem) | em) [ @my |95 | (P2 (PR
a) ) ) m)
38. | 25. | 25. | 22. | 22. 0.008 | 5.387 | 22.5
57 0.0782 | 380 | 285
2 | 4 | 4| 2] 2 0 1 8
39. | 25. | 25. | 21. | 21. 352. 0.012 | 0.012 | 27.7
58 0.0894 360
4 1 41 41909 4 4 1 7
39. | 25. | 25. | 21. | 21. 0.017 | 0.016 | 34.4
59 0.1242 | 351 | 360
2 4 4 9 9 6 9 3
36. | 17. | 35. | 14. | 32. 0.004 | 0.005
60 0.0387 | 360 | 285 12.3
30 81 6| 6 | 4 5 7
39. | 17. | 35. | 14. | 32. 0.008 | 0.010
61 0.0719 | 380 | 285 20.8
6 | 8| 6| 6| 4 0 7
38. | 17. | 35. | 14. | 32. 352. 0.012 | 0.012 | 25.2
62 0.0860 360
6 | 8 | 6 | 3 |1 4 6 6 9
38. | 17. | 35. | 14. | 32. 0.017 | 0.017 | 31.7
63 0.1176 | 351 | 360
518 6| 3|1 9 2 2
41. 27. 23. 0.035| 0.014 | 16.6
64 16 12 0.0873 | 620 | 665
7 5 5 1 1 2
36. 27. 23. 0.035| 0.014 | 15.2
65 16 12 0.0873 | 605 | 672
3 5 5 1 1 5
61. 27. 23. 0.035| 0.014 | 19.9
66 16 12 0.0873 | 612 | 665
8 5 5 1 1 5
61. 27. 23. 0.035 | 0.014 | 19.1
67 16 12 0.0873 | 612 | 665
7 5 5 1 |1 3
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Aadlal) ¢ a2 2026 plc 8 2wl 48 alaal)
Fc Fyl Fyt Tr
N M : 8 X v At I\)//I l\j % 1 % K
o S a a % % n.
( P (cm) (cm) (cm) (cm) / ( P ( pa ¥ g (
a) ) ) m)
77. 27. 23. 0.035 | 0.014 | 20.0
68 16 12 0.0873 | 617 | 658
3 5 5 1 1 6
76. 27. 23. 0.035 | 0.014 | 20.7
69 16 12 0.0873 | 614 | 656
9 5 5 1 1 4
109 27. 23. 0.03510.014 | 24.7
70 16 12 0.0873 | 618 | 655
.8 5 5 1 1 2
27. 23. 0.035 | 0.014 | 23.6
71 | 105 | 16 12 0.0873 | 634 | 660
5 5 1 1 2
105 27. 23. 0.03510.014 | 24.7
72 16 12 0.0873 | 629 | 655
.1 5 5 1 1 7
39. | 20. | 30. | 16. | 26. 0.008 | 0.009
73 0.0656 | 386 | 373 19.4
6 3 5 5 7 3 2
64. | 20. | 30. | 16. | 26. 0.008 | 0.009
74 0.0656 | 386 | 399 18.9
6 3 5 5 7 3 2
20. | 30. | 16. | 26. 0.008 | 0.009
751 75 0.0656 | 386 | 373 21.1
3 5 5 7 3 2
80. | 20. | 30. | 16. | 26. 0.008 | 0.009
76 0.0656 | 386 | 399 19.4
6 3 5 5 7 3 2
76. | 20. | 30. | 16. | 26. 0.008 | 0.009
77 0.0695 | 386 | 386 18.4
2 3 5 5 7 3 7
72. | 20. | 30. | 16. | 26. 379. 0.010 | 0.010
78 0.0746 386 22.5
9 3 5 5 7 5 6 4
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N M : 8 X v At M M % 1 % K
o] s a a % % n.
] fomy | tem) | em) [ @my |95 | (P2 (PR
a) ) D m)
75. | 20. | 30. | 16. | 26. 0.012 | 0.011
79 0.0788 | 373 | 386 23.7
9 3 5 5 7 5 0
76. | 20. | 30. | 16. | 26. 0.012 ] 0.014
80 0.1013 | 380 | 386 24
7 3 5 5 7 9 1
93. | 20. | 30. | 16. | 26. 0.008 | 0.009
81 0.0656 | 386 | 386 21
9 3 5 5 7 3 2
78. 0.006 | 0.006
82 5 35 50 30 45 | 0.0713 | 440 | 440 i . 92
78. 0.011 | 0.006 | 115.
83 35 50 30 45 |1 0.0710 | 410 | 440
5 8 1 1
68. 0.009 | 0.006 | 126.
84 35 50 30 | 45 | 0.0789 | 500 | 420
4 7 8 7
78. 0.011 | 0.012 | 155.
85 35 50 30 45 | 0.1419 | 410 | 440
5 8 2 3
68. 0.009 | 0.013
86 35 50 30 45 | 0.1613 | 500 | 360 135
4 7 8
78. 0.019 | 0.020
87 5 35 50 30 45 | 0.2346 | 560 | 440 5 | 239
35. 0.006 | 0.006
88 5 35 50 30 45 | 0.0710 | 440 | 440 5 . 79.7
35. 0.011 | 0.006
89 5 35 50 30 | 45 | 0.0710 | 410 | 440 g . 95.2
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Aadlal) ¢ a2 2026 plc 8 2wl 48 alaal)
Fc Fyl Fyt Tr
No | (M : 5 X Y At |\le I\j % 1% | (K
o] s a a % % n.
] fomy | (omy | (emy | emy | 7| PR PR R TR
a) ) D m)
33. 0.009 | 0.006 | 111.
90 35 50 30 45 1 0.0789 | 500 | 420
5 7 8 7
33. 0.016 | 0.006 | 117.
91 35 50 30 45 1 0.0789 | 500 | 420
5 2 8 3
35. 0.011 | 0.012 | 116.
92 35 50 30 45 | 0.1419 | 410 | 440
5 8 2 8
35. 0.016 | 0.012
93 35 50 30 45 | 0.1419 | 520 | 440 138
5 2 2
33. 0.009 | 0.013
94 35 | 50 | 30 | 45 |0.1613 | 500 | 360 125
5 7 8
35. 0.019 | 0.020
95 5 35 50 30 45 | 0.2346 | 560 | 440 5 | 158
0.005 | 0.005
96 | 76 42 42 37 37 |0.0594 | 396 | 385 1 0 84.9
0.006 | 0.003
97 | 48 42 42 37 37 | 0.0419 | 394 | 385 1 5 74.7
0.009 | 0.005 | 104.
08 | 78 | 42 | 42 | 37 | 37 | 0.0594 | 400 | 385
0 0 2
0.004 | 0.004
99 | 35 | 35 | 50 | 30 | 45 | 0.0509 | 400 | 385 3 A 60.6
10 0.007 | 0.001
0 67 | 35 | 50 | 30 | 45 | 0.0202 | 505 | 600 4 . 62.2
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Fc Fyl | Fyt Tr
N M : 8 X v At M M % 1 % K
o) S a a % % n.
( P (cm) (cm) (cm) (cm) / ( P ( Pa | H ¥ (
a) ) ) m)
10 0.008 | 0.001
{ 67 35 50 30 45 | 0.0149 | 493 | 600 5 3 56.3
10 0.008 | 0.001
35 35 50 30 45 | 0.0149 | 493 | 600 52.9
2 2 3
10 0.006 | 0.006
3 67 35 50 30 45 | 0.0713 | 402 | 385 0 1 93.7
10 0.005 | 0.004 | 73.5
76 25 70 20 65 | 0.0509 | 396 | 385
4 2 9 4
10 0.009 | 0.004 | 95.8
78 25 70 20 65 | 0.0509 | 400 | 385
5 1 9 6
10 | 43. 0.004 | 0.005
30 35 26 31 | 0.0548 | 410 | 370 32.9
6 2 8 9
10 | 41. 0.009 | 0.011
30 35 26 31 | 0.1097 | 410 | 370 54.1
7 7 7 9
10 | 42. 0.011 | 0.018
30 35 26 31 | 0.1689 | 510 | 355 62.4
8 6 4 3
10 | 41. 0.007 | 0.005
30 35 26 31 | 0.0548 | 510 | 370 38.1
9 7 6 9
11 | 42. 0.011 | 0.008
30 35 26 31 | 0.0810 | 510 | 370 50.2
0 7 4 8
11 | 42. 512. 0.013 | 0.010
30 35 26 31 | 0.0951 370 56.4
1 6 4 3 3
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Aadlal) ¢ a2 2026 plc 8 2wl 48 alaal)
Fc Fyl Fyt Tr
No | (M : 5 X Y At |\le I\j % 1% | (K
o] s a a % % n.
WP fom) | em) | om) | emy |75 (R (R R
a) ) D m)
11 | 44. 0.012 | 0.005
15 | 120 | 10 | 115 | 0.0393 | 480 | 459 74
2 2 6 5
11| 29. 0.012 | 0.005
15 | 100 | 10 95 | 0.0393 | 499 | 459 50.7
3 5 1 5
11 | 44. 94. 0.012 | 0.010
15 | 100 | 9.8 0.0754 | 480 | 480 68
4 2 8 1 5
11| 29. 94. 0.012 | 0.015
15 | 100 | 9.8 0.1131 | 499 | 499 74.3
5 5 8 1 8
11 | 33. 94. 0.021 | 0.022
15 | 100 | 9.4 0.1608 | 497 | 497 80.5
6 8 4 4 3
11| 29. 10. | 75. 0.011 | 0.005
15 80 0.0402 | 459 | 433 40.4
7 5 2 2 8 7
11| 29. 74. 0.011 | 0.015
15 80 | 9.8 0.1131 | 459 | 499 60.1
8 5 8 8 9
11| 73. 0.025 | 0.007
30 40 27 37 | 0.0713 | 452 | 484 86.8
9 7 8 6
12 | 73. 0.025 | 0.006
30 | 40 | 27 | 37 |0.0648 | 499 | 538 88
0 7 8 9
12 | 73. 0.025 | 0.006
30 | 40 | 27 | 37 |0.0648 | 630 | 538 89.4
1 7 8 9
12 | 84. 0.014 | 0.007
) . 30 | 40 | 27 | 37 | 0.0713 | 456 | 484 3 ¢ 76.3
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Fc Fyl | Fyt Tr
N M : 8 X v At M M % 1 % K
o] s a a % % n.
] fomy | tem) | em) [ @my |95 | (P2 (PR
a) ) D m)

12 | 84. 0.009 | 0.006

30 40 27 37 | 0.0648 | 529 | 538 74.5
3 7 9 9
12 | 84. 0.009 | 0.006

30 40 27 37 | 0.0648 | 627 | 538 70
4 7 9 9
12 | 83. 0.006 | 0.007

30 40 27 37 | 0.0713 | 474 | 484 74.2
5 1 3 6
12 | 83. 0.006 | 0.006

30 40 | 27 37 | 0.0648 | 522 | 538 67.7
6 1 3 9
12 | 83. 0.006 | 0.006

30 40 27 37 | 0.0648 | 627 | 538 69.9
7 1 6 9
12 | 29. 489. | 467. | 0.004 | 0.003

35 50 30 | 45 | 0.0396 55
8 3 8 5 3 4
12 | 29. 500. | 467. { 0.009 | 0.003

35 50 30 45 | 0.0396 57
9| 3 4 | 5 | 8 4
13 | 40. 500. | 467. { 0.009 | 0.003

35 50 30 45 | 0.0396 58.3
0 3 4 5 8 4
13 | 40. 489. | 489. | 0.009 | 0.009

35 50 30 45 | 0.1057 98.4
1 3 8 8 8 1
13 | 39. 16. | 26. 689. | 534. | 0.007 | 0.009

20 30 0.0628 19.7
2 4 8 8 7 1 5 1
13 | 60. 13. | 23. 689. | 534. | 0.007 | 0.007

20 30 0.0628 12.5
3 8 8 8 7 1 5 9
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Aadlal) ¢ a2 2026 plc 8 2wl 48 alaal)
Fc Fyl Fyt Tr
N M : 8 X v At I\)//I l\j % 1 % K
o S a a % % n.
( P (cm) (cm) (cm) (cm) / ( P ( pa ¥ g (
a) ) ) m)
13 | 60. 16. | 26. 689. | 534. | 0.007 | 0.009
20 30 0.0628 19.9
4 8 8 8 7 1 5 1
13 | 35. 313. | 334. | 0.007 | 0.007
40 60 31 51 | 0.1097 123
5 4 3 9 5 5
13 | 35. 474. | 485. | 0.005 | 0.005
40 60 31 51 | 0.0792 124
6 4 6 8 5 4
13 | 35. 569. | 595. | 0.004 | 0.004
40 60 31 51 | 0.0582 89
7 4 6 9 4 0
13 | 35. 320. 0.009 | 0.009
40 60 31 51 | 0.1358 334 126
8 4 5 3 3
13 | 35. 467. | 485. | 0.006 | 0.006
40 60 31 51 | 0.0983 109
9 4 6 1 9 7
14 | 35. 567. | 595. | 0.005| 0.004
40 60 31 51 | 0.0713 108
0 4 6 2 4 9
14 | 35. 319. | 334. | 0.005 | 0.005
40 60 31 51 | 0.0792 101
1 4 4 3 5 4
14 | 35. 569. | 594. | 0.006 | 0.005
40 60 31 51 | 0.0792 106
2 4 6 8 0 4
14 | 35. 308. | 334. | 0.006 | 0.006
40 60 31 51 | 0.0983 106
3 4 8 8 9 7

Gaad) 138 5y ghaal) Al Aiguanl) A0 [LAAY) cilis
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Fc Fyl | Fyt Tr
N M : 8 X v At M M % 1 % K
o] S a a % % n.
( P (cm) (cm) (cm) (cm) / ( P ( P ¥ g (
a) ) ) m)
17. 570. | 570. | 0.003 | 0.003 | 21.5
1 44 24 42 22 1 0.0290
6 9 9 3 5 6
19. 441. | 441. | 0.004 | 0.006 | 30.3
2 44 24 42 22 | 0.0560
5 4 4 8 8 7
27. | 25. | 25. | 21. | 21. 336. | 327. 1 0.017 | 0.017 | 25.2
3 0.1311
2 4 4 6 6 6 6 6 6 9
28. | 15. | 30. 28. 333. | 360. | 0.003 | 0.011 | 13.2
4 13 0.0621
4 2 5 3 1 7 5 1 1
29. | 15. | 30. 28. 352. | 341. | 0.006 | 0.006
5 13 0.0350 9.09
5 2 5 3 4 4 1 2
30. | 25. | 38. | 21. | 34. 357.10.011 | 0.007 | 40.5
6 0.0677 | 329
6 4 1 6 3 2 7 8 3
35. 13. | 23. 689. | 534. | 0.007 | 0.007
7 20 30 0.0628 13.8
4 8 8 7 1 5 9
35. 565. | 595. | 0.007 | 0.006
8 40 60 31 51 | 0.0983 120
4 1 2 5 7
38. 27. 23. 0.035 | 0.014 | 15.2
9 16 12 0.0873 | 638 | 669
2 5 5 1 1 9
58. 56. | 29. 442. 1 0.006 | 0.006 | 100.
10 | 40 32 0.0714 | 461
7 1 4 4 8 5 8
0.007 | 0.009
11| 44 30 35 26 31 | 0.0839 | 410 | 370 5 : 45.9
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Aadlal) ¢ a2 2026 plc 8 2wl 48 alaal)
Fc Fyl Fyt Tr
N M : 8 X Y At My My % 1 % K
o S a a % % n.
( P (cm) (cm) (cm) (cm) / ( P ( P g g (
a) ) ) m)
57. 27. 23. 0.035| 0.014 | 18.4
12 16 12 0.0873 | 614 | 665
1 5 5 1 1 6
68. 0.016 | 0.006 | 144.
13 35 50 30 45 | 0.0789 | 500 | 420
4 2 8 5
76. 27. 23. 0.035] 0.014 | 20.9
14 16 12 0.0873 | 617 | 663
2 5 5 1 1 6
78. 0.016 | 0.012
15 5 35 50 30 45 | 0.1419 | 520 | 440 ) 5 196
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The Environmental Quality Determination in Engineering Projects

Abstract: Environmental quality is a vital concept concerned with designing
and planning buildings and infrastructure in ways that contribute to
environmental conservation and reduce negative environmental impacts. This
study aims to develop a quantitative model for assessing the environmental
quality of engineering projects, thereby aiding decision—making processes that
balance development requirements with environmental preservation.
Traditional environmental assessment processes face challenges due to the
multiple and interrelated nature of environmental criteria. To address this
issue, the research employed Fuzzy Logic to construct an evaluation model
capable of converting descriptive and qualitative data into quantitative values.
Eight main environmental criteria were identified for assessment: air pollution,
soil pollution, noise pollution, vibration pollution, vegetation cover pollution,
groundwater pollution, impact on surface water runoff, and silt pollution. These
criteria were weighted according to three levels of importance (weights of 3,
2, and 1) based on a questionnaire survey. The proposed model was applied
using MATLAB to a real-world case study of a school project in Homs. The
research concludes that the developed model serves as an effective and
objective tool for engineers and planners to evaluate and select more
sustainable design alternatives. It recommends adopting its results as a

mandatory quantitative criterion in environmental licensing procedures.
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The Impact of the relationship between human cognition and
artificial intelligence on improving the architectural design
process

Ar. Yousef Al-khteeb Dr. Mounes Al-Jarayhi

Abstract :

Human cognition constitutes the most significant cumulative foundation that
has sustained the development of knowledge and the sciences throughout
history, particularly within the architectural sciences and architectural design.
With the emergence of new technologies—both incremental and
revolutionary—the importance of reviewing and regulating their influence on
the discipline of architectural design becomes evident. Artificial intelligence,
as a revolutionary technology, has already begun to reshape the features of
various fields of work and science to varying degrees, particularly those
disciplines concerned with human cognition.This research proposes a novel
framework concerning models of integration between human cognition and
artificial intelligence in service of the design process, establishing two distinct
models while explaining the methodology underlying the construction of each
model, its mode of operation within the design process, and the respective roles
of the human designer and the artificial intelligence engine employed.The first
model introduced in this research the (PAIR) model harnesses this relationship
in service of the design process according to the principle of effective
reciprocity between the designer and artificial intelligence, and of mutual
growth.The second model introduced in this research the (HCAI-AD) model
harnesses this relationship in service of the design process according to the
principle of conscious dependency on artificial intelligence engines, whereby
the architectural designer is taught, guided, and regulated.
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