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Developing a Model of Deep Learning by ANNs for Urban Areas
Extraction from Remote Sensing Images —Study Area: Homs-
Tartous
Dr.Eng. Hanan DARWISHE* Dr.Eng. Adnan Mohammad*

Dr.Eng Fadi CHAABAN**

Abstract
Remote sensing images classification is one of the basic processes used in
creating of land use/cover maps, extracting a specific category or detecting
changes after disasters or with time. To achieve this, specially developed
algorithms are used to find out the best way to extract spatial data and
features from these images, and to ensure that they represent the reality of
the Earth digitally with high level of accuracy.
This research represents a new approach for extracting a specific category
of features that represents urban areas, depending on artificial intelligence,
in particular Machine Learning and Deep Learning (Artificial Neural
Networks (ANNS)).
The suggested methodology was applied to the Landsat 8 multi-spectral
image of Homs city captured in 2017 to build a model for urban areas
extraction. To evaluate the validity of the model, it was applied to the
Landsat 8 image of Tartous city captured in 2018 to extract similar areas.
Several free and open source Python libraries, especially deep learning
libraries, and geographic information systems were used in all stages of
processing, network building, training, and prediction.
The results of the study indicated a significant improvement in accuracy,
time and effort comparing with the traditional pixel-based classification
methods, specifically the Maximum likelihood method, and object-based
classification methods.

Key Words: Remote Sensing Images classification, Deep Learning, Machine
Learning, Artificial Neural Networks, Geographic Information Systems.
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iiSa a5 .Google Lyaals Lelisl ally apall )l Gluall Python (sl
Bleall lasd drene lie alaaiuly ol 8pilie Greadl alaill zila el Al

.[17] TensorFlow le 4yl
dpsuaall GIGEN Python deals Jig jaadl dagise 45 o :Keras
sl lealadinl 23 My [18] TensorFlow i€l deals€ Jasis Aclibia)

Gpenl) alaill de lidai oY) Ay guaal) 4S03)

(module) dshei s3a5 ce 3)be sklearn auly Laf 43y 5245 :Scikit-Learn
Gllall jucastiy dalleal Lealadinl &3 385 .[19] SCiPy 4iSe e Ay V) Alaill
A8 i el

il rpally 45330 Adhaall Ll 50 Al 438 Ldasi san5 & :PYrSQis
el Ll Ald 4y GDAL AsSe o A by s lgialla
Longsiall Al Aaall bl e ldl Crendin) Sy L[20] saawie dslSa dud)aa
.GeoTIFF gl (0

Jandl Ciildag Laal o) LS il giaall pe Janll padind oy5ls 43S & :NUmMpy
2005 sle & NUMPY ¢ La) & L culigioadly 4y Jysady adll ) Jlase &
oS o Alu) Gladall 3 cuasiu) 8y .[21] Travis Oliphant ddauls
Cldgdadl e
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Spyder -
IDE : integrated development ) aadll dagide dlelSia sk 45 2

el e 22e as Spyder JalSu (Python aal dulell 4s. ! (environment
« Cython, SymPy, IPython, pandas, Matplotlib, SCiPy :Ji il
Tl 5583l sl ) aslsyl
iy «2009 ale i Pierre Raybaut idauls: alall & Spyder sk o L) &
Goshe e Gub U8 Ge bl 4iad; Spyder e Blsdl 52012 e
[22] ouel=ll Python

eCognition Developer galin -
object ) cAlSU e Taldie) jpall Jiaty (et zeliy 56 €COQNItioN gl
Al Gerd Binnig geiw 3 Gl (8 (e 035k 23 ¢(based classification
& 22000 ole Definiens AG 48,5 4 ofiall) (e degane pe dugi 33l o
2 pap Judid DA e geall (e Gl zhaiul ahs Lilal 8 Fisae L
ealiall aaally cmantll (JSEN (sl Gatlad (o Bsall palie e laldels
dal e 3ysladll jualiall ae 4Bley el Alay Lpdall (ailadll ) d8leayl
23] opall Jalaill Sl 4 il e Jamnl)
lead) gadtll 4
Gl b Laxiioad) byl 4.1
31Y) aladinly ArcGIS gulin e (4 JS8) ans dinal diske 3ypem JiSS5
e all jadll clilas e lilas i e o 15 43l& 43 (Composite Bands)
0.45-0.51) 3, 3¥) Jlaall ¢(0.43-0.45 pm) Js¥) Uil :Landsat 8 (OLI)
«(0.64 - 0.67 pum) sl Jaall ¢(0.53 - 0.59 pPm) sl Jadll ¢(um
1.57 - ) gsaladl opdlaills (0.85 - 0.88 Pm) Ayl ¢lyeall cond 2] Jlae
Gl ilausidl elyeall ad 42330 (211 - 2.29 um) wludls (1.65 pm
-(1.36-1.38 pm) auldll 3Uailly (0.5 — 0.68 pm) sile s <L)
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4330 pand) shalial) ) jAdu e lihaa) 43 guanl) ClSaIl (gaaad) alaill mdgad y gl
Cushaha -(aan sl jal) ddlala - day e Jladiud) ) ga (e

«(Extract by Mask) s1Y1 Ll laldie) (aes e (335 duhall dilaie g sl 25
il i asiy 0 29925 X o 21585 alals dileil 5y geall menal

enl) Uil e 480 Ll (4 SN Gushayla el Aigle 3ypem aladinl 5 LS
il 7 3sall Bulsi o ey Ay Al Gyl il Guladl ) (il g
@l AL e Pl zhainl o zasall 58 andl lgle dpsuaall @l
AL 28 ples Galst Bk (e 8yseall 8 B3 sasall il
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daal 8 clwaly E5 O AGgla 4850 J5a) clilally Al ddhia 14 gl
(RG B =543 il Lisll Al diag ja ushes pans

LelihaY) Liguant) 4020 oy 4.2
oaill LS Spyder maliy e dgelihual) dysuanll 358 £ 350 oLy Uy
dr oY) Aspall (5 JSal) @lghills Jaball (e degana Gub oo i
Gl jea sebis bl Juead & ey cdeall LUl cliSal) G868 ¢ le i
Gub oo (Wl s e AW Gaes Aadd gl 3yseall) duhall dilaid
$sa o NUMPY ddsicnn JS& & Cua pyrsgis J aall raster dudacil) sasl)
COSall el 8yl ailly (lilaay)) Ahrall adsall (e 3358 GeOTIFF )

.(DN)

0 Cfied (e 45 3y0a e Lade] Uiy cclhall Graall aleilly Cavaill aasid
GliS lgiege (sSi Cun Lasag a2 e (Sliall 48 agay 48 e a1
Dshadl e (IS5 elgiels Ll 5ypall oda Juead & «(training data) oyl
el ausi 5 (Ul aladf) LSl 4805 52091y

Lo U LS ele i
Sz
0L Jrass
RS
I

| |
| |
| |
Rz
| Graall olail) 23 5ai lsial |
| |
| |
| |

N7

7

V4
B Ay il

Ao Ulaal) duiguant) A3l ol Jalp 15 &
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400 yand) (ghalial) ) Adu e Ulaual) 4 gaaal) CilSuilly (grand) alaill 7l gl ghat
Cushaha -(aan sl jal) ddlala - day e Jladiud) ) ga (e

JCall a5 calal) Al Clisiias ) Clisioaall Jisady bl dallee cngi
& 3aeVly oy Cia JS iy Cum V) alad il lsd ddle 4 Jasd (3
convert Adaaill sasll asi . JuSull 3 clilaill e Gt JSI DN 4l 2l
& o o WS dagall o3gx changeDimension JMA (e pyrsgis 4 4aabil)

(6 Jsa)

X1 X2 X3 X4 X5 X6 X7 X8 X9 Y

ﬁ 424 1
T T | 11256 o
1 [ ]
l l -| I l | 9154 1
[ [ |
] | | 9880 1
| I |
1 I ] 11856 1
9529 | 11256 | 9154 | 9880
13167 0
11955 | 13167 | 10681 | 10485 P
- 1
9500 | 12381 | 11453 | 9635 10485 Ll
8500 | | o
9771 | 9121 | 12272 | 9725
12381 o
Bl
11453 1
Bands ! }
9636 o
8771 o
1 o 1 1
9121 1
1 1] 1 ] 12272 o
9728 1
0 ] 1 0
0 1 0 1 f
Training data

syl Jagad 16 Jsal)

:Jaas 2870805 ) 5ec 1995 5 o 1439 (e &Sl 3ypeall Jygad o
ULl arly Lz dsalll sl ULl e 50% e ST las) O Leosale
k8 G g dauall e sl e dal e 35% capal) dal e %65
i) Dl 220 alys cdie llaal) A puanll CISLEDN # 3l ol de e
OS5 dem S8 Jand e A (518 TS laone (IS 136 il asy Lga 1y

Hasla g0 ol 38 il 4 (8 Bas0n i) de sana ()55 Laie
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e ANNS Lpiguanll il ey 8 Loy (W) Gl il lsd alane Joad
GSar b (I 0 e Ly Qlibad) Jsaty dlajall o8 o Ll Cum cAgnda iy
Al JuSall Aad e S an) Al by Gl cens Lol pulail) Gas
Landsat 8 sl dysiegalyl) &8 of La . el S asll o gl e
Sl ((2'°=65535) 65535 50 & Lelly Ll aill i 2y 16 b dadlaal
65535 e dendlly Lugiill ddee o5
Lieaiiinlg Keras alasiuly 7 3saill ¢ by Ulay lgapdats lLall jaiant (e oL@l e
ke aag Cus (R (ool saaly culiall dilay sequential Juduiall z 3l
S(lls B and) Uil ase (ool (Qliguanll) 2l (e d3e aa saaly JIAY)
A aad e b Lege i duidall Gilgdall 3 dyiguaall LIAD 2ae aa% aey
pe oilie JS8 Jelim ¥ clidall a3 o (e atyl) o ALLE] Ay sl 3040
20 e S alehe iy G gl il e T el W o ) ddasylal) 450
Agliny 4ad) lidall oda (e JS 8 Ayisuanll DAY aaep dgad) cilidal)
o o h ) s Agad) Clidal) 3 Asuaal)l WDIAY e Jil 22e aladiuls
& Aisuasll WIAY e jaS e 3say o W . (Underfitting) <) & ol
. [24] (Overfitting) dajid) capyail) ) sasen daddal) ciladall
tAgidal) Akl 8 Glisuasll e Joiie 2o Y acl@ll (10 de sens [23] &5
pan O Dpeane adal) Zidal) 3 Lsamad) WIAY 230 058 of cana -1
DAY Al aaay JlagY) dids
dide aan (2/3) Ab Al Apsuasll DAY e 08 of g 2
DAY Ak paa ) ABLSYL JASY)
Gk pas Giaia o B ) dgsuaall AN 2 oS O a3
Jlasy)
DL 8 Al oy (Uil AL EOE aelgl) oda e baaly o slaieV] (Sae
(trial and error) Uaalls 4l fase o adinpus 4y gumall 4030 4,
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sas (activation function) Lawinll sf Juedll ali HLia) casy &8a30) Al yall
Ll Copad Agismae 3803 gl e Ok Gn (sman)) Gasa by @ G Bl
S daae Gob oo @b yaatl asladaul &y (transfer function) Jall ol sl
sl AN Graad) alaill il e aly (DA (e de sena

t e Jendill il g Al 15l alasid Keras Assall g

relu, sigmoid, softmax, softplus, softsign, tanh, selu, elu,
exponential function.

ehly il Cl€lin e € Al Al Gl 8 Ll wld LasY
algall

bl Juadl cadae§ g Lyl i A i) ail s aa] enagiy b Lagd o s
dasad) Lhall saad o Lhasid ¥l bl Lan) ol €8 s
.[25] ((rectified linear activation function)ReLU )

Jeny ill) Gsuanll CDlANe Jysaty Ale 3eliyy ReLU Judill ol asiy Co
Asladl) Ginse OIS o & Jandl A i 5l lle Jaad) Jlay s Gl

(1
{0 ifx<0
x ifx>0

= max {0,x} = x1,5, a1

G K gl adl e plad ) K il a8 gl Jyay sOftmax ot
S astys dpia o Al o dmge JAOY) af 058 o oSe ] e gens
dad Lol o Laaymuds Sy Gy ] 5 0 0 Bysana ad ) Lebisats softmax
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https://keras.io/api/layers/activations/#sigmoid-function
https://keras.io/api/layers/activations/#softmax-function
https://keras.io/api/layers/activations/#softplus-function
https://keras.io/api/layers/activations/#softsign-function
https://keras.io/api/layers/activations/#tanh-function
https://keras.io/api/layers/activations/#selu-function
https://keras.io/api/layers/activations/#elu-function
https://keras.io/api/layers/activations/#exponential-function

Ol 38 a3 teaa QLS a3 Glagd (s a8 2021 ale 7 a3l 43 Al ) daaly Al

Jlaal I adeay softmax ol (Wl 5 Ta cdlaad) aal oS 13 . Jlaay)
O Lila Jla 40 ¢ € Jlaial) ) Al 4ls € edlaad) aaf oS 1) ¢ juaa
(12 Aslaal) 150

e’
E}Ll e’
fori=1,...,J] (12)

S gl Lad s (1 ) 17) e i tanh el ol a8l Jlas

i €

er — e

E:Tﬁ _I_ E—:L'

f(z) = tanhx = (13)
Lol dgie Gadat DA e 15 1= o pll G sale s SOFtSIgN Jeniill 6 58,

- (14 oladl) afiserandl 5l il il diday Jio
T

1+ |z| (14)

A hd saiseie i Al e (Sigmoid Linear Unit) SiLU Ja&ll U
(15 Aaleall) [26] 2016 ale (V) 5pall 4
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Cushaha -(aan sl jal) ddlala - day e Jladiud) ) ga (e

T
l+e™ (15)

Lpanll Jea Y1 Jasdl (Exponential linear units) ELU Jséll ails Jslay
iy ELUS o Glal) Gany condl aal L alaill gy Las ¢ snall ) (il Jaus il
(16 Uslaall) [27] RELUS (o el casiai 48y e Jpanll

fz) = x ife >0,
a(e® — 1) otherwise, (16)

ane e Al dsag o AV Gasuac f oidie e Al dadall ggas
i e zall () Ladie alia gsill 1y 'SOFtMAX" Jexi s e (7 JS)

-
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Band 1

Band 2

Band 3

Band 4

Band 5

Band 6

| Non Built-Up

Band 7 # "/~ Output Layer

Input Layer Hidden Layer
Basly Audda Al pa ASpdl) Jfial 17 S

oudl il e vl Jlas o Loy Alall A)S ddee g Gaeal) Al

ISl Jaxily ans ae 3155 i) (e desana (g) Apad 530 IS (A ilia))

(Sae iy gl 8 Gaead) alail) 2 3sat oyt o pgall (g cJuzad]

Dl Apnaall A8 (i o L (OPtiMIZers) cawad el pladind sale S

bl Jamas (3sY) e A sumnd) A0S Cilans

SGD, RMSprop, ) gsesill Glie)lsa (e degane o Keras diSe (ggins

.[18] (Adam, Adadelta, Adagrad, Adamax, Nadam,Ftrl

(Adaptive Moment Estimation) dwjlss Je slde¥l Ladear & Liad

il Lanad deaas A Al Jaee st &)yl oo Ble 05 Adam

. [28] 2014 ale 85y Jo¥ oyl Aipand) dpnanl) lSul)

e Lead ey nluall L€ "sparse_categorical_crossentropy’ Ll

Gl e panal 40yl Z3l 33sn (520 aui aiiday Al g, (lOSS) Adlil

Ly s)ledll ol zpdpud el bl e DS il i pail 136 Ly dualal)

e Ay cGpatll il ylsd saeluey 8 L) mydad Ay cul€ 1Y W ol

sl 8 el e dalal)
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Cushaha -(aan sl jal) ddlala - day e Jladiud) ) ga (e

Gl st By JS Gy Gfihayg Baals ddda Baals Ak lad Bae el Liad
iiSa lgadm ) Jamdill adlsi (e psiie dacs cdiall 5 Ciliguanll (e calide o
.Keras

ol CulS Sy oz dgaill Ag 5o SN ¢l Cun o \giyliag z3laill o34 (and

Akl b relu s sl e lignac ld e il laoldie) &g ol Juadl

e lale Jsmanll &5 38y Juadly s ) Colatll (any (2) dsaadl Gans (Apal)
il g ASBl) il a3V el

dalide ciliguas Mo g Juadl &l &Az\ﬂ.\}\mﬂ\ GlGEY e Adlida CJLM (2) Jeaadl

285 (e M\ .asg & i) 4 gt v | i g

Slslly 338l | (Precision) (Recall)
B3 a7 0.935 0.905 8 relu
G21 a7 0.931 0.908 7 softsign
G50 27 0.931 0.912 6 selu
G35 a7 0.937 0.903 10 elu
G5 a7 0.912 0.908 9 Softmax
G4 27 0.928 0.918 8 tanh

e Boea JRk Ll G duns Akl glsaill 55 Dlee alS Aaye A
I pelisad s 03502769 5 sl 656 ey aill ClaY (e DSl gk
O 13) Lagd s il dplee DA e gl aliiis Cua Ldaws 504464
(lilaill apead DN dpadyll adll e 2l Y o dplee 3hlie o gging JuSull
el aae ity CaldaY) sadeia gy sl ahall 8ysall 6 o aagy Sl

cai Al ey
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At pe JBy ik rolide EDB e oSl Zisall e gl oldel) &
Precision= 0.935, Recall= : WK _udl z3sall 48y uilSy (piguan

:M\ :\3)5.;44 C'_L'ItS}, ‘0905
Confusion matrix:

1070101 4645 ]
7002 66574

e ihual) A guasl) Sl #3500 DA o Hgeall 8 dgihianll halially sull a3
oaldie] & sl

JusSall Ao il Cidatl) 4.3

Gl e e ) pysall aads oid Clle je L) duSll e 28 Canaatl) 58,
molind) angi Sy Cumy Ldhe Sl 3ypeall 4dalall clilasy) (il e Classes
dahdall Canaill Gl e bpmall UL (0 de sene ulad e aatid) J8 e
e 4y Bane gelinll LA 2 (Training data) cwysl) clie e 3l
Bygeall Jada ddlinal) i) e Capill DI

iilany) @bl e il Canaill e el 2y Sl zalidl e a0l lla
il o Jant 1 Gpurigh 3hlly dslany) pe @l dabasinl <Y1
it zolany Laaoail) calall oy

Maximum Likelihood ) (eball ddlaa¥) diply chnaill ey
Hlaa) Caiat e ile s clalasinls le s cilinaill ST o (Classification
el @l altall (Histogram) 4pbSall apysill chliisie e 4t jlsd daiad
o Lo sl eV laaY) fae e satiuall abieY) Jlaa¥) jhisacld ey aglall
.[29] Bayes Classification L cayai

el Gala skl dnde Brseal alaal) AdlaY) ddplay Canaill dilee i
Iolaie) @ldy e e (3hliag dyie (3halie ) dihaiall Capeal &5 Eua (AICGIS
ideny eadl U8 Leaniiy Climll e SEI &5 il Glie (e Aegena o
Cayiail)
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Raster ) sl¥) Guh e Wy e dgheall bl Juad & el aay
Jidh 130l §)gem lgie iy dgsaie dlee 25 4hajd 3)ke 3ph e (Calculator
) 3L 0 iy duheall laliall 1 gl

Gl o Al il 4.4

ey gain Gushyh Abs a8 e Talde) il Guls &
Gl il aane ol o L) e Jeall Tae aciay .€Cognition Developer
Gllaall 3 oSay ad malin e 3le a5 (process tree) A
a2t iy Leladn B () (Dl lal))

Ialaie) Capaill Alee 8 V) 55laall (Segmentation) Asaill sl awdill g,
Gl ddee 28 g A Bseall jualic S QWIS Ll s say (A e
Glandl Jia S @WK pass 8 D) Llee 3 agal) el Jiay Wlgde Gl
Agall adll Mie Baase pallad G Shes 068 Gl ledias & iy
(Multiresolution segmentation) 8.l calida awil) aladind o3 . seaailly JRAN
daugie palie Je Jpasll 25 5 (Scale Parameter) ubiall Jalas 23a% as
leana Ay bl Jaly ikl cplall jlaie 8 Jaleall 138 2Say i canall
aic) 8y rmaa (Sally 581 pualiall aan S LIS ST 4ned culS LS sl
oY Uadlly datl s o dddaill laball e waall g odiall) e S
.[31] [30] 5)secall il o iy Cayiaail) dplead Canliall (puliial) Jalase

O s Jaladdl 138 Jiays 0.3 1 45lee (Shape ) JSa Jalas ded jlidl
Laip daid oYL opalll 340 2y <0 aied cilS 1Y) G ¢ agdall Lgigly cululSl IS
@y LlSs sl ae SLaEeY) e QLK 0S5 8T 5y 0 e ST died calS 1))
WY Jelae Gad et Sy OlieVL o JSAN AT Al ey Al
A5l ¢ LY Sl Jial ()8 Jalee oo 3)le 525 0.5 5 (Compactness )
Ayl ol

Nearest ) @Vl Slall Ayl Conatll 300 46 dpula] AsjeSy ey Led &
sl laugie e alaeYl shadl 3ysall e (neighbour classification
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el pea deadl 4T (8 JSA) gy cchlilall A8S] LSl dudd )l
il Asllaal) Copaill Gl muag A1 (Mg DB DA e eCognition
Aalleall gyt AU BNUN Gty sl e lalial) Ay Gl Gl A
Coiaill & ey ol Alae e glan) AR il lalls lleal) gy
dleal Aol Aagl) RGN MW jelwiy (Aaill) LK mas dlesy Flelil

. Caial

[l Process Tree w B X Class Hierarchy

» OBClassification * classes
= segmentation @ Built Up
..... (O Non_Built_ Up

* 07359 classification
"L 07.350 at New Level: Built_Up, Non_Built Up
0110 merge
v 0,047 Built_Up at New Level: merge region
w0063 Non_Built_Up at New Level: merge region

Groups /_Inherttance

eCognition galin & Al o aflal) ciyiatt) :8 Jodl)
Ol cialll 3ok A)lea 4.5
z=bxn I Spyder zlin; eCognition zalin (e 48l Gl sty Ll
il A8y auig lea 2l ArcGIS
Lo 10 S8 el dbsmanll i€l ol A 9 JSEN sy
11 Sy ¢ adaall ZliiaY] dpoihsa PA (s duSall o Tolde) Cagatl
A e ) Capaill e Talaie) dal)
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cush b -aan rdd Al ddlate - 3y e el e (e

ANN classification

214000 218000

Tartous

Legend
Non Built-up
| Built-up

(
212000 214000 218000 220000

e Ul A guant) clSuill citaill dads 19 JSA)

Maximum-Likelihood Classification

214000

Tartous

Legend \
Non Built-up A
0 05 1

| Buitt-up — 1

h .
212000 214000 216000 212000 220000

abind) AMaY) Al d YA (g JuSal) o Talaie) ciyieatl) ¢ 110 JS&
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object based classification

212000 214000 216000 218000 220000

Tartous

Legend A
Non Built-up)

0 05 1

Built-up

ol o ailal) cadanl) o faldis) il dagii i11 Jodd)
By A A Cles b e il A8y sy L ADAD 3kl il 4l
48a) andil AP Gliall 3o ety Al el Eus (LIS Jalaag giiiall 48y ¢padti)
AU il 2ae Qs 4401 30508l mags [15] Cochran dlstas e ol
las e cdadgiall paiieall 3 \ginle o dilaie JS (535 ) Toliin) 48000 ol
196 4 ayiid AU Ll aae G Euac0.01] (g5l A0 28 Hlise (g5lns

PR anfll clial)l 3o Gl 13 Jgaad)
Not Built-up | Built-up .Total

Area in pixel 440114 64350 504464

Wi (mapped proportion) 0.8724 0.1276

Ui (expected user's accuracy) | 0.98 0.98

Si (standard deviation) 0.14 0.14

Wi*Si 0.1221 0.0179 0.14
SE overall accuracy | 0.01
Total numbers of 196
samples
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35 ArCGIS zalin (ann dexiivsal BN (3hll Uadl) 4 ghims o liyy Z8al) apii
AICGIS zaliy (o A8l ayi 2y cdgliadl bl (e 3da3 196 e slaie¥) &
Loy Al pyall Gilie gging Jsan el V) Alapally o sopilage e
Create Accuracy Assessment ) 3N Goh e dduadl dahl e Ll

(Points
zhaasy (Extract Values to Points) sla¥l aslais¥ls a3 Jsaall dlacy

4 ghiae Cluay A0l Alsjally o815 AN (3)hall ddiadl Ciladall (e 43854l 24l
_Jelays (Compute Confusion Matrix) s15Y) Gpk oo 284l s juleas Uadl

LN (bl Adliaall A8a) ady il 4 Jsaal
fae Ul a) dpisuaal) CulSuil) diy)da (358 jelay Jsaal) 8 Adhiaal ZAal) o 4 liey
0.87 LIS Jalaos 98 %6 zite 383 <9689 aniiivss 483 ¢ 93% (e L) 44 day
adiiue 483 ¢ 9106 J dpslie WIS Ay S o Taldel Caneadl) Ak el
45yl 484)) pd C_atu il Ly «0.83 LS Jalass 96 % e a3 (OpR7

33 86% . 1 dushse alaall AILARY) Aued sy JuSell Ll S Cial
0.71 LS Jalaay 89 %0 e 28y ¢« %81 addia
AN (3 yally A8 4l 14 J gasd
WS Jalas | il ARy | askieal dB | ALl dBa) 2y )
0.87 0.98 0.89 0.93 L puanll IS0
0.83 0.96 0.87 0.91 S e ) Capal)
0.71 0.89 0.81 0.86 Ll AdlaiaY) 4,k

cluagilly claliiayl 5
o Luliadl GelilaaV) dguall Gl Gl alaill desiall dmgiall caf
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Comparison of seismic behavior factors for steel
structures connected by eccentrically bracing and
others connected by the buckling-restrained brace

applying nonlinear static analysis

Research Summary

This study aimed to compare the seismic behavior factors that
express the compliance of steel frames between K-EBFs and Invert
V-BRBFs by applying nonlinear static analysis (Pushover Analysis)
by changing the number of floors (4-8-12), where it was found that
the values of the seismic behavior factors decrease with the increase
in the number of floors for the two types of bracing used, and they
are close to the two types of bracing used for the case of the
response modification factor and the distortion amplification factor,
and the values are greater for the case of the eccentrically bracing
compared with the buckling-restrained brace for the increasing
resistance factor, and vice versa for the case of the Ductility
Reduction Factor.

Key words: buckling-restrained brace (Invert V-BRBFS),
eccentrically bracing (K-EBFs), seismic behavior factors.
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The Effect of Columns Strengthening Using Concrete Jacket
Technique on the Seismic Behavior of the Reinforced Concrete One
Bay Frame Structures

Abstract

The main objective of this study is to investigate the effect of
columns strengthening using concrete jacket technique on the
seismic behavior of the reinforced concrete one- bay frame
structures not designed for seismic forces .

The frames were designed on vertical loads according to the
requirements of the Syrian Arab code , and then analyzed
nonlinearly with applying a base shear force increasing gradually
from zero until reaching the maximum force , after distributing it to
the stories levels according to the masses distribution.

The models took into account the change of the number of stories
from one to four , the change of jacket thickness , and the ratio of
concrete compressive strength of the jacket to the concrete
compressive strength of original section .

The results showed the efficiency of the concrete jacket in
increasing the lateral resistance , reducing the horizontal
displacements , and reducing the period of vibration for the studied
models , whereas this efficiency increases by the increase in both of
the thickness and concrete compressive strength . On the other hand
, the efficiency will decrease by increasing the number of stories .

KEYWORDS: Concrete Jacket — strengthening — Reinforced
concrete columns .
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@agalad) Glasb 2,2

A1) Gl e 2021 ple 7 2aad) 43 Alaall ) dasls Alaa

il (anill 5 axinall cilSland) :(3-1) Jgaall

tj1 10 cm
tj2 15cm
tj3 20cm

: sl Ganadll ASlaw —2

Pl adaiall s Aaglie ) Ganall s daglie dpui =3

ilagliall §aainall o) : (3-2) Jgaal

f'co f,Cj f’Cj

f'cq
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22 Mpa 1.1
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28 Mpa 1.4

30 Mpa 1.5

gsad Meal Wl fc = 20 Mpa <ol iyl b axiial o5l daslie
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Ol a)l e Bl sa ds el zilall JS A Gl cul ol slaie) X
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@agalad) Glasb 2,2

A1) Gl e 2021 ple 7 2aad) 43 Alaall ) dasls Alaa

Basly daiby aaly Gallay Uy g 3lad (ulat il : (4-1) Jgaal

: g gl chUy) zili: 4-1

]{Z Voase (KN) | T1(Sec) | Uxeop(mm) | Ux, i
v, | Ux, | T,
orignal 23775 | 0.696 13.391
F10-18 | 0.9 | 8895 | 0.2665 7.217 3.741 | 0539 | 0.383
F10-20 | 1 90.825 | 0.2557 6.781 3.820 | 0.506 | 0.367
F10-22 | 1.1 | 92475 | 0.246 6.379 3.890 | 0.476 | 0.353
F10-24 | 1.2 | 94.05 | 02375 6.021 3.956 | 0.450 | 0.341
F10-26 | 1.3 | 9555 0.23 5.704 4.019 | 0.426 | 0.330
F10-28 | 1.4 96.9 0.223 5.411 4.076 | 0.404 | 0.320
F10-30 | 15 | 9825 0.216 5.150 4132 | 0.385 | 0.310
F15-18 | 0.9 | 126.975 | 0.192 4.862 5.341 | 0.363 | 0.276
F1520 | 1 | 130.425 | 0.184 4539 5486 | 0.339 | 0.264
F15-22 | 1.1 | 13365 | 0.176 4.257 5621 | 0.318 | 0.253
F15-24 | 1.2 | 136575 | 0.169 4.005 5.744 | 0.299 | 0.243
F15-26 | 1.3 | 1395 0.163 3.788 5.868 | 0.283 | 0.234
F15-28 | 1.4 | 14235 | 0.158 3.597 5987 | 0.269 | 0.227
F15-30 | 15 | 1452 0.153 3.431 6.107 | 0.256 | 0.220
F20-18 | 0.9 | 177.675 | 0.146 3.605 7.473 | 0.269 | 0.210
F20-20 | 1 183.75 | 0.139 3.371 7.729 | 0.252 | 0.200
F20-22 | 1.1 | 1896 0.133 3.173 7.975 | 0.237 | 0.191
F20-24 | 1.2 | 1953 | 0.1275 3.004 8.215 | 0.224 | 0.183
F20-26 | 1.3 | 200.85 | 0.123 2.857 8.448 | 0.213 | 0.177
F20-28 | 1.4 | 206.25 0.12 2.728 8.675 | 0.204 | 0.172
F20-30 | 1.5 | 2115 0.115 2.613 8.896 | 0.195 | 0.165
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@isad) Glasls a3 A1) Gud 4 je 2021 ale 7 23l 43 alaall o) dadly Alas

ASLaws 345 Ay sl Cilialge Gaeen G 1l ALl cilisiall JA (e
b b i Lo bl (i aglia ) 4 g aglia A Balys ¢ sl
oty 2y Gl s 5aas Aatidy Aalusall A giad) U dilall daslaall 50l

. 889.6% i 374.1% o cansls

oty By yal) LY ) o el g8V YY) (il 8 Al el S
61.71% cp consis Sf5aY1 50 (mddis « 80.48% ia 46.1% s cansls
. 83.48% _ia
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Baa) g Aaily Aatucall 4 gl cul JUaD A1S150 & gladl (B A gl Ganall) A aladiuly BaasY) Ay ghs il

p il Uy zalad :4-2

Oy iUy 7 3lad Julad il £ (4-2) Jgaad)

Vyase (KN) | T1(Sec) | Uxiop(mm) Ux;

f'co

=
IS

Ux,
orignal 19.275 1.935 65.816

F10-18 | 0.9 62.025 0.814 29.731 3.218 | 0.452 | 0.421

F10-20 1 63.45 0.781 28.008 3.292 | 0.426 | 0.404

F10-22 | 1.1 64.725 0.752 26.450 3.358 | 0.402 | 0.389

F10-24 | 1.2 65.85 0.725 25.035 3.416 | 0.380 | 0.375

F10-26 | 1.3 66.9 0.701 23.764 3.471 | 0.361 | 0.362

F10-28 | 1.4 67.875 0.679 22.612 3.521 | 0.344 | 0.351

F10-30 | 1.5 68.775 0.66 21.559 3.568 | 0.328 | 0.341

F15-18 | 0.9 87.75 0.587 20.036 4553 | 0.304 | 0.303

F15-20 1 90.075 0.56 18.686 4673 | 0.284 | 0.289

F15-22 | 1.1 92.25 0.537 17.713 4.786 | 0.269 | 0.278

F15-24 | 1.2 94.275 0.516 16.507 4891 | 0.251 | 0.267

F15-26 | 1.3 96.15 0.5 15.607 4988 | 0.237 | 0.258

F15-28 | 1.4 97.875 0.481 14.807 5.078 | 0.225 | 0.249

F15-30 | 1.5 99.75 0.466 14.141 5.175 | 0.215 | 0.241

F20-18 | 0.9 121.35 0.445 14.819 6.296 | 0.225 | 0.230

F20-20 1 125.175 0.424 13.834 6.494 | 0.210 | 0.219

F20-22 | 1.1 128.775 0.406 12.992 6.681 | 0.197 | 0.210

F20-24 | 1.2 132.375 0.389 12.288 6.868 | 0.187 | 0.201

F20-26 | 1.3 135.825 0.375 11.675 7.047 | 0.177 | 0.194

F20-28 | 1.4 139.125 0.362 11.133 7.218 | 0.169 | 0.187

F20-30 | 1.5 142.35 0.35 10.656 7.385 | 0.162 | 0.181
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ASlaws 3Ly DA (e dsiil) licalge Grnt B aadl 45l clisiall DA (e
b paluy s LaY) adaiall (g Aaglie ) 45 Galie st a5 ¢ el
Cangl i iy (pialdag saals daidy dalical) 4 il <ol WU dilall 2o laall 305

. 738.5% s 321.8% o

Gty A p2all Uy ) oz Sl A1 VY (aas b Ayl Caealis LS
in 57.9% on oty EAY) s (i ¢ 83.8% a 54.8% 0 cunsli
. 81.9%
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@agalad) Glasb 2,2

A1) Gl e 2021 ple 7 2aad) 43 Alaall ) dasls Alaa

P ok SO @ UaY) zalai :4-3

Galoh Ay Uy g dlad Julad il : (4-3) Jgaad

]{Z Voase(KN) | T1(Sec) | Uxeop(mm) |y U, i
v, | Ux, | T,
orignal 16.448 4.24 177.838
F10-18 | 0.9 | 50.250 1.61 74.1982 | 3.055 | 0.417 | 0.380
F10-20 | 1 51.750 1.548 70.6068 | 3.146 | 0.397 | 0.365
F10-22 | 1.1 | 52.500 1.49 66.0065 | 3.192 | 0.371 | 0.351
F10-24 | 1.2 | 53.550 1.44 62.6723 | 3.256 | 0.352 | 0.340
F10-26 | 1.3 | 54.075 1.388 58.8715 | 3.288 | 0.331 | 0.327
F10-28 | 1.4 | 54.750 1.345 55.8069 | 3.329 | 0.314 | 0.317
F10-30 | 1.5 | 55.650 1.306 53.4657 | 3.383 | 0.301 | 0.308
F15-18 | 0.9 | 69.825 1.165 | 49.0879 | 4.245 | 0.276 | 0.275
F1520 | 1 71.700 1.112 | 458071 | 4.359 | 0.258 | 0.262
F15-22 | 1.1 | 73500 1.065 | 43.0204 | 4.469 | 0.242 | 0.251
F15-24 | 1.2 | 75.075 1.024 | 404924 | 4565 | 0.228 | 0.242
F15-26 | 1.3 | 76.650 | 0987 | 383373 | 4.660 | 0.216 | 0.233
F15-28 | 1.4 | 78.000 | 0954 | 36.3185 | 4.742 | 0.204 | 0.225
F15-30 | 1.5 | 79.350 | 0924 | 345613 | 4.824 | 0.194 | 0.218
F20-18 | 0.9 | 96.000 | 0.886 | 35.8804 | 5.837 | 0.202 | 0.209
F20-20 | 1 98.925 | 0843 | 334304 | 6.015 | 0.188 | 0.199
F20-22 | 1.1 | 101.625 | 0.806 | 31.3283 | 6.179 | 0.176 | 0.190
F20-24 | 1.2 | 104.175 | 0774 | 295183 | 6.334 | 0.166 | 0.183
F20-26 | 1.3 | 106.725 | 0.745 27.9856 | 6.489 | 0.157 | 0.176
F20-28 | 1.4 | 109.125 | 0.719 26.6232 | 6.635 | 0.150 | 0.170
F20-30 | 1.5 | 111.450 | 0.696 25421 | 6.776 | 0.143 | 0.164
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ASlaws 3Ly DA (e dsiil) licalge Grnt B aadl 45l clisiall DA (e
b paluy s LaY) adaiall (g Aaglie ) 45 Galie st a5 ¢ el
oy (alsha EO g Ban s dacidy daliedd) A gind) el UaDU dnlad) 4 slaall 30l

. 677.6% S 305.5% ou gl

Cansiy g paall Uy ) - 3latl 8Y) VY] (mddd b sl Cuale LS
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Baa) g Aaily Aatucall 4 gl cul JUaD A1S150 & gladl (B A gl Ganall) A aladiuly BaasY) Ay ghs il

: (&leh Q—ui-' Uy z i :4-4

Ghlsh gl ChUY) g dla Jalas il < (4-4) Jssad)

fj’ Vase (N | T1(Se0) | UniopCmm) |y | uy, | 1,
i, | Ux, | T,

Original 17.025 6.387 331.439
F10-18 0.9 47.775 2.750 157.694 2.806 | 0.476 0.431
F10-20 1 48.900 2.650 149.885 2.872 0.452 0.415
F10-22 1.1 49.875 2.555 142.561 2.930 | 0.430 0.400
F10-24 1.2 50.625 2.470 135.301 2.974 | 0.408 0.387
F10-26 1.3 51.375 2.398 128.942 3.018 | 0.389 0.375
F10-28 1.4 52.500 2.340 124.692 3.084 | 0.376 0.366
F10-30 1.5 52.950 2.270 118.624 3.110 | 0.358 0.355
F15-18 0.9 62.400 2.077 109.746 3.665 | 0.331 0.325
F15-20 1 63.375 1.986 101.322 3.722 0.306 0.311
F15-22 1.1 65.400 1.906 96.384 3.841 0.291 0.298
F15-24 1.2 66.675 1.830 90.797 3.916 | 0.274 0.287
F15-26 1.3 68.100 1.770 86.270 4.000 | 0.260 0.277
F15-28 1.4 69.450 1.713 82.230 4.079 0.248 0.268
F15-30 1.5 70.650 1.660 78.472 4,150 | 0.237 0.260
F20-18 0.9 83.325 1.606 81.077 4894 | 0.245 0.251
F20-20 1 86.175 1.530 76.107 5.062 0.230 0.240
F20-22 1.1 88.800 1.465 71.766 5.216 | 0.217 0.229
F20-24 1.2 91.200 1.407 67.908 5.357 0.205 0.220
F20-26 1.3 93.450 1.355 64.493 5.489 0.195 0.212
F20-28 1.4 95.475 1.309 61.370 5.608 | 0.185 0.205
F20-30 1.5 97.500 1.267 58.656 5.727 0.177 0.198
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oty g paall Y o Slail ALY ) V) bl 8 skl Craal LS

n 56.9% oy 1Y) g0 Lmsidis ¢ 82.3% a 52.4% o il

. 80.2%

H(4-5) sadl b mnge sn LS Gilshall DS 3 Y] Jilad il Gaili
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10cm | 374.1%-415.3% | 46.1%-61.5% 61.7%—69%

1 15cm | 534.1%-610.7% 63.7%74.4% 72.4%-77.8%
20cm | 747.3%-889.6% | 73.1%-80.5% 79%-83.5%
10cm | 321.8%-356.8% | 54.8%-67.2% | 57.9%—65.9%

2 15cm | 455.3%-517.5% | 69.6%-78.5% | 69.7%-75.9%

0015 20cm | 629.6%-738.5% | 77.5%-83.8% 77%-81.9%
o 10cem | 305.5%-338.3% | 58.13%—69.9% 62%-69.2%

3 15cm | 424.5%-482.4% | 72.4%-80.6% | 72.5%-78.2%
20cm | 583.7%—677.6% | 79.8%-85.7% | 79.1%-83.6%
10cm | 280.6%-311% 52.4%-64.2% | 56.9%—64.5%

4 15cm | 366.5%-415% 66.9%-76.3% 67.5%-74%
20 cm | 489.4%-572.7% | 75.5%-82.3% | 74.9%-80.2%
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Oatilla g 2l (Gl (e <l UM cailial) 4 B} LA 1 (5-2) Jgaad)

Cada 2l g il
L ey ha gl 1Sl ) da aSlend) N B B e
asaill 4 sy gl 4 raY) c%m,ty S
NiCN sl NiCN et | T
f’CO min tmin f’CO min tmin
0.9 10cm 0.9 10 cm SA
0.9 10cm 0.9 10cm SB
0.9 10 cm 0.9 10 cm SC 0.075
0.9 10cm 0.9 10cm SD
0.9 10cm 0.9 10cm SE
0.9 10cm 0.9 10cm SA
0.9 10cm 0.9 10cm SB
0.9 10cm 0.9 10 cm SC 0.15
0.9 15cm 0.9 10 cm SD
1.3 15cm 0.9 10 cm SE
0.9 10cm 0.9 10 cm SA
1.1 10cm 0.9 10 cm SB
0.9 15cm 0.9 10 cm SC 0.2
1 15cm 0.9 10cm SD
0.9 20cm 0.9 10 cm SE
1 10cm 0.9 10 cm SA
0.9 15cm 0.9 10 cm SB
1.1 15cm 0.9 10 cm SC 0.25
0.9 20 cm 0.9 10cm SD
0.9 20 cm 0.9 10 cm SE
0.9 15cm 0.9 10 cm SA
13 15cm 0.9 10cm SB
0.9 20cm 0.9 10 cm SC 0.3
0.9 20cm 0.9 10cm SD
0.9 20cm 0.9 10cm SE
0.9 20cm 0.9 10 cm SA
1.1 20cm 0.9 10 cm SB
1.1 20cm 0.9 10 cm SC 0.4
14 20cm 0.9 10 cm SD
0.9 20cm 0.9 10 cm SE
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The effect of allocating a separate lane for
public transport buses on the performance of
the transport system
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The effect of allocating a separate lane for
public transport buses on the performance of
the transport system

Abstract

The study included traffic statistics on the parts of the route,
setting engineering specifications on their cross sections, then
restudy these sections to accommodate separate bus lane,
securing other road traffic requirements, then calculate the trip
time for each of the current situation (75) minute, the studied one
(48) minute, by comparison it shows the possibility of saving time
of (27) minute, thus reducing the trip time about one-third.
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Analytical Study of Post-Tensioned Concrete
Slab Using Different Tendons Arrangement

Abstract

Post-tensioned slabs are increasingly recently used in multi-story
buildings since they are effective and economic in comparison with flat
slabs in relevant to decreasing obviously the reinforcement quantities
deflections and cracks, codes provide approximate methods for designing
of post- tensioned flat slabs with regular columns arrangements, however,
numerical analysis should performed regarding to irregular buildings, by
finite elements methods (FEM), many commercial programs are used for
analyzing and designing pt. slabs as ETABS [1] and ADAPT Builder [2],
Different tendons arrangements are used when designing pt. slabs as
Banded-Distributed, Distributed-Distributed and Banded-Banded, and
choosing the best arrangement depend on the engineer experience.

This paper aim to study post-tensioned slabs with different aspect ratios
under regularly distributed vertical loads, where firstly, numerical
comparison study are performed using finite elements programs and
secondly, deflections and nominal moment capacity of pt. slab are
compared due to different tendon arrangements.

This study shows that using ADAPT Builder is significantly easier than
ETABS in modeling, designing and checking post-tensioned slabs.
Moreover, using the tendons arrangement type Banded-Distributed can
increase the bending resistance and decrease the deflection significantly
together with improving the ductility whatever the pt. slab aspect ratio in
comparison with the other arrangements.
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Key words: Post-tensioned slab, FEM, Tendon arrangements,
Deflection, Moment
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