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Criteria for choosing the colors of
residential buildings
Case study: saving housing \ Lattakia \

-Research Summary-
Color is one of the most important components of the plastic
aesthetic aspects of the architectural fagades. It was used
throughout the ages to leave in the minds beautiful pictures
of cities that are almost artistic masterpieces in many of
them, to leave in the memory of its residents or visitors
impressions and stories that establish their permanent place
in his memory.
Research and scientific studies have recently proven the
need to deal with color as a valuable design tool that has an
important and direct impact on the architectural facades that
go beyond the organizational and design role and add new
dimensions to the design process, where the deliberate and
directed use of color can play some important and diverse
roles in the built environments that serve the goal of the
design and plastic process at the same time.
The research conducts a theoretical and analytical study to
derive the criteria that affect the selection of the colors of the
exterior facades of residential buildings, leading to the
design of a tool that helps the designer to determine the
colors that are appropriate to the specificity of the site, and
are in harmony with each other and compatible with the
colors of the surrounding environment, and the application
of this tool on a case study (saving housing in the city of
Lattakia), to show the effectiveness of the tool and to reach
results and recommendations that benefit the research
objective.

key words:Colors, residential buildings, color schemes.
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Frequency of Rainstorms and
Determining of the Rainy Season at Al-
Salamiyeh Station

Amin Suliman ™ Mohammed Almilad &

bstract

Knowing the annual, seasonal, monthly and daily frequency of
rainstorms, in addition to determining the beginning and end of the rainy
season is of particular importance in hydrological and agricultural studies.
To study the frequency of rainstorms, the data of the automatic
precipitation recorder have collected at the Salamiyah meteorological
station for the period (2000-2010) in the form of paper charts of the
cumulative precipitation height over time (hyetographs) for 376
rainstorms. Based on the digitization of these charts, the dates of
occurrence of storms, their start and end times, their duration, and the
amount of precipitation during them were determined. The average
intensities for different precipitation times were calculated, the
cumulative precipitation with a time step of 1hr, and the center of gravity
of the precipitation chart were delineated. It was clear from the analyzes
that the greatest frequency of monthly storms was in February (19.9%),
and the average amount of precipitation during that period was (24.2%) of
the annual amount of precipitation. By studying the distribution of daily
precipitation, it was found that the largest amount of precipitation was
concentrated in the afternoon hours (15%-18%). The statistical analysis of
the daily precipitation time series has determined the average date for the
start and end of the rainy season are on September 29 and May 6, It was

also found that the middle of the rainy season is on February 3.

Keywords: Salamiyah Synoptic Station, Temporal Distribution of
Storms, Hyetograph, Beginning and End of the Rainy Season.
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The effect of adding vitamin E on the
aging of asphalt mixtures

Abstract
The hot asphalt aggregate is the most widespread pavement in Syria,
and despite its reliance on it as a covering layer in all roads of various
degrees, it causes energy consumption and emissions when producing
and implementing it, in addition to problems when investing, which is
manifested in the aging of the asphalt aggregate layer, which results in
a group Problems such as cracks of all kinds, in addition to rutting and
volatilization. The durability of the asphalt mixture is the main factor
that affects the quality and age of the soft pavement layer, which is
exposed to the effects of external temperature, traffic load, and solar
radiation.
This study investigates the possibility of using vitamin E as an additive
modifying asphalt mixes in order to increase its resistance to the
effects of short and long-term aging processes. The paper focuses on
researching the properties of asphalt mixtures subject to aging in the
short term, which occurs during the production and implementation
period, and the long term, which occurs during its life cycle.
The practical and laboratory study was carried out in two stages. In the
first, asphalt binders modified with vitamin E were produced in ratios
(1-2-3-4%) by weight, and samples were subjected to a short-term
aging process, and then a long-term aging process. And calculate, after
that, signs of aging of the asphalt binder, and determine the ideal
percentage of the addition. In the second stage, the production of
reference asphalt mixtures (without modification) and others modified
with vitamin was completed according to the ideal ratio that we
obtained in the first stage, and their properties were determined before
and after aging such as (Marshall stability - indirect tensile - moisture
effects), and the results were compared.
The results showed that the addition of vitamin E increases the
resistance of asphalt mixtures to the aging process, especially long-
term, and improves their performance by increasing their stability and
resistance to deformations and cracks, thus increasing their durability.

Keywords: asphalt - short-term aging - long-term aging - vitamin E -
Marshall's stability
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Empirical Relationship for Predicting the
Compressive Strength of Recycled Aggregate
Concrete

Abstract: Many buildings suffer from the end of their design life, or they
are not designed to meet the standards, or they did not receive the
necessary maintenance during the service life, which requires major
repairs or even complete replacement. These activities lead to the
production of large quantities of construction and demolition waste
(CDW), which are usually dumped in landfills. This waste poses an
environmental problem and puts pressure on the available natural
resources. Therefore, the recycling and the use of construction and
demolition waste will lead to the reduction of space in landfills and the
conservation of natural resources. The compressive strength of concrete
is a crucial property for determining the other mechanical properties of
concrete like tensile strength, elastic modulus, bond strength< and bond
length. Therefore, predicting the compressive strength at 28 days is
considered important. Therefore, in this research, an analysis of the
factors that affect the compressive strength of recycled aggregate
concrete (RAC) was conducted. Based on a large number of experimental
results from the literature, an experimental database containing various
mechanical properties for different mixes was created. The main purpose
of the present research is to suggest an empirical relationship to predict
the compressive strength of recycled aggregate concrete at 28 days based
on several factors such as the replacement ratio R%, the water/cement
ratio w/c, and the compressive strength of natural aggregate concrete.
Five concrete mixes were also designed using recycled aggregates with
different replacement ratios of recycled coarse aggregates, and a
compression test was performed to compare the experimental results and
the proposed empirical relationships. The proposed relationships have
given acceptable results comparing to experimental results of the present
study and other research.

Keywords: Compressive strength; Recycled aggregate concrete;
replacement ratio; water/cement ratio; Construction and demolition
waste.
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learara &3l bl @l e J8 Layss bl Aigill Glgasll clie
Glypanlly Al lygand) Jlagu) 5al) aes Agghall Glgasl) aladiul
Laslaall s 45 LeKly clasladl J8 (%60 ) Jmd douiy lajsn aladl

Alaall gl gl Jlaial) 56 sy 2 Adnan et al. [10] cald) W
Ofic sene 1) & i LA ey fe Ll Cal Lkl daglie e by
Lisin 4hlss (NAC) dppdall Gljsaall 4y dbl dugn) Gl .
e ORI NS 8 adal) Jayll aladiad S5 (RAC) Laysai slaall cilygaaally
Jeand &5.%100 5 %75 %50 %25 i) cus @il RAC bl
i) 5 Ay 0.6 0.5 0.4 (W/C) Cuianfsle ity dpginll cillalal
aa3 Jal g0 100 mm claSe sl 25, Skim Quick Set (SQS)
ey NAC o 4jlie mias RAC J hicall daglie o) 2ay JJawall daslie
21.9) Ay Jaiall Gaglia cuzmids) ((0.5) 5 (0.4) cuienY)/elll L sl
& sl e (%13.25 19.15 7.75 13.2)5 (%32.75 43.35 23.7,
&2 RAC 0 %100 5 %75 %50 %25 Jlasinds bypanal) dnlujall cillalil)
100



4 larall g Aisall duaigl) agle Allu Caayl) daala Aaa
Sl (g 2 Gl Auay a 2023 als 16 22al) 45 alaal)

Aasinly lajmat 5 A gl sl of Load angs NAC 5 1)l Ly 28
Cumids) (RAC (e %1005 %75 %50 %25 Jaivds w/c = 0.6 s
o leinlie ve gl e %22.3531.35 17.15 11.85 iy Jaruall daslia
Laslad) 3 J8 Lalaasl edsi 0.4 Zuwy dpgid) cllalal) of L, .NAC
o sl L G Gk ADle dla Cua 0.6 0.5y el 4l

Al ae RAC 1 4850l (ailadll (aey 4jlie ) Rahal J[11 ¢l Cangg
Ao cilSy cciandlfs Wl duis Aaagioal) dagliall 43 sl NAC 4 daldll
Al Adagine ok daglie D dnigin bl e meal 23 .%100 Jlaguy)
Laxdiuall Chiewlfsle A culy (20 — 25 — 30 — 40 — 50) MPa

(wje)
Ll jlaa) eha) & . sl e (0.65—0.5—0.48 — 0.43 — 0.4)
& ddagiaall Laall deslie of ) Auhall clags 100 mm claSe e
Loslie il bl Uil (lalal) puen 3 Lagy 28 die oo JSE lgidas
%7 5 %1.4 doy Ji deslidl ausia O Cua <50 MPa s 40 MPa Lall
RAC 1 Laall deslie culS cdangiall & . sl e ddagiuall daglidl (g
%10 Aty aliail asdle 23 cale Sy bl (i) daslia 0 %88.4
Lo 4l Adasdlal) oday clayys dbaad) A3al) Ciljpanll aladin) v daglaall b
Yamato et al. J[13 milu pe albias Iy Ravindraraj J[12 4] Jeag
Glhgeand) Jlainl %45 5 %30 5 %20 o\S dagliall 3 (mliayl of ey )
RAC o Laf duhall cujelal . sl e %1005 %50 5 %30 oy 4134l
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Raglia G (Sa NS L daaal) daglia okt b ABiles cilaladl oleiii NAC

cian) ) el A s 3k oo RAC 8 el s

LLE e Jlaanl) s L6 duhy Jadhav et al. [14] Gald) L6 el
dasul & dd)ll Ghsidl @il s ASHS) pailiadlly il
il AN okl sl 5 RCA e &sliie iy dpdall 4334 Clguaall
daglia ld Aglilly M20 el L Sajmss 20 MPa als Adagiue dalie
10 0 Je (g Ahla IS .M30 30lb W 3apmas 30 MPa &l Zdagin
Aeall 33l Glhgasdl 0 %1005 90 80 <70 60 50 40 30 20
J<00.455 0.53 Aalall b dedieall W/e duws <l INCA 1 Joas g
Aoy Jlafiu¥) i gaeal 230 Al o34 culSy gl e M30 5 M20 (e
Glilay) aladin) 8 Jednl) ALE Guesd dal ey dassgdl ad cucassl elly
sl Ao M30 5 M20 (e JS0 cian) (35 e %115 0.9 Loy 4L
Ayl @l Glee e ple Gadl 40 dediudl Gl
Ly 28 aic sl lazcall deglie s Jal 150 X 150 X 150 mm
S 1l RCA ddauly NCA Jlagiud (e %30 s i) cjelaly ¢piilalall
(NCA e %40 Jlagin) xiey %8.2 ) %3.8 (1 gzl baaall daglia e
= %40) NCA Jlaiu) 343 aes « S JS& (aid® bl daglie of Laa]
&b oala) g of Lag il doglie & Jl (mbasl dla (%100
sl e M30 5 M20 cillala) %18.30 5 % 18.48 iy Jaiuall dalia
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réayl) i .2
Osiad Axlshi¥) hacal) daglia sl GOYI 8 ddany @ldle delua -1

f sty Clpatia Bac aladiuly W ye dlaall il geaall

R% ) asis fo gy bl aglio o Jagi iDle

Aaitivall dpcaly)ll lElally dyaill Al G )l Jaaall Hladl e)ya) -2
Ao CilSy layst alaall Glgeasdl aladinl dngin Glald el aseal o3 Cuas
%75 5 %50 5 %25 e slaall lgastl 40340 bl Glgasd) Jlasial

LAl dura yo 2lAS %0 Aty Jlaiuy) aladind 235 %100 5

r&ay) gy g .3

by 3aclE skl Lehlats (Ailud) dyaill &0 aan (e Al o2l
Wi alaall Cilygand) il Aulghany) Jaacall daglia 5l <Y alas alagyy
& eclad) 8 cni Al Sl e e s ) ol sy 28 aie
Oo gl 8 Cua Ul sael e Jpaall las) dag 435 s ces
QLY (i Wy e dleall ilsaand) 15 e (San 220 ST 3AT Al Al
] ae Jaial) dagliey panll GIQY! 58 Aapy ClDle delua 4w gl &
i fe el Ay Jlaiul) A Jia lgle g Al Jalgall

tdaadieall dgall 1.3

CrianY) aladind 5. salall 2l ol CuienY) oa Laladind Y cuians)
400 Kg/m3 e 325 N Ciia (ughyh Jeare (e 52005

103



L o g Maa il guaany (¢ ginall Jakidal) da glia ibuead duy jad A8Me

&) 20 MM e alaals el adie (e Aprgalal) Cilgaal) aladiul 2
O alaaly cilS Lpplal) dee bl Glganll Wl L4 clpas< 4.75 mm

b Aloyd oy alaaiil 235.1.18 mm ) 4.75 mm

Al ol Laphll Glgpasll e %1005 %755 %50} %25 Jlasial (-;3
D) st g elid) Sy (pe il b lapiand o il Layyst slaal
il fonnye KRS %0 s

DY) il aead Cien) s (e %] Aty ale pladial

s ae (B150 X 300) MM anay QB 3 glshul Glie ED Gua
Gl Gl hlasd Lasy 28 amy liall i) 8 s ke 3 e gkl
azcall G glaally

sl 4
::\7\,\.1)#\3\ bl daglia @ﬂ:ﬁ 1.4
a5 28 emy ariall daglaa C._‘ﬂ.u QU\ (1) Jsand)l pw

R% J)asiud) dssd fc [MPa]
0% 25.9
25% 24.2
50% 23.9
75% 23.5
100% 22.6
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27

26

MPa] Jnsuall A glia
N N N N
[N w S O]

N
=

N
o

25.9
24.2
23.9
235

I I I I !

0 25 50 75 100

% Jhamuyl dus
s alaally Zgmlal) ilgeand) sl Apnypail) Taaal) daslia a8 L1 JSa
:R% Jsia) Lpasly fopacy bl Aaglia s 4dlal) 2.4

el ilygemnl) it Lagy 28 vie dlshanl) Jaraal) daslia o (2) JSEN jelay

sy 28 die Ayl barall daglie ANy Glagf 320 (e lgmen & Sl Loy

% |R2=0.9815
80

70

'. "

60

50 3
© '3
o

40 2°
g% 0 ®
[ ] = ¥ O
30 -
. sk
bl
o0

0 10 20 30 40 50 60 70 80 90
fc(NAC)[MPa]

fc(RAC)[MPA]

o[2] ©[9] ©[10]e[11] e [14] @ [15] « [16] @ [17] @ [18] @ [19] & [20] o [21] @ [22] ® [23]
o [24] » [25] « [26] ® [27] « [28] ¢ [29] @ [30] o [31] « [32] @ [33] @ [34] = [35] = [36] - [37]
o [38] © [39] @ [40] @ [41] ® [42] @ [43] @ [44] @ [45] » [46] » [47] o [48] o [49]

Ay Wy gt slaad) ilgeanll () ginll Jaraall Lo slia oy 38D L2 JS3N
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W )y1edt alaal) Gbgasdl sl Jariall daglia cpn Loydt bl A8e dgag Jaadl
Ol baraall daglia (g Al ALY s nSe st chal Sy LAl
iy Cum clagy 28 die bl gl Jaraal) dagliay laysni dlaall Clygiasl)

Al dapally AL Alall JSE) slhae) 23y [EXCEL SOLVER alasin

feracy = fevac) X (1 — Xz X R%) (6)

dua

-

2+ Loy 28 die Ly slaal Slyseantl oy gind Alshanyl) asal) G slia feracy
.MPa

2 las 28 die deglall Clpanll (gl Alshaud) baall ol fevac)
.MPa

Al ales &5 Ay Loy 28 ve il deslie clual Jelae X
.EXCEL SOLVER

s Slaall il gaaally Ggmdall lgeanll Jlagid dus :R%

] Ylae s2c 2ie Xp Jalaall Glua &5 3380 =58 o Jganll dal (e
Wl U< vie Xy Jaleall 3 (2) Jsaadl maagy (Jlagin)

Xp Jeladdl .2 Jsaal

Jlaal Xr
0—-25% 0.321

25% — 50% 0.2
50% — 75% 0.163
75% — 100% 0.129
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R% (0 - 25%)

60
R?=0.9966
50
40
7 L
&, . :._o' -
T 30 9
2 o 8
? 2 -
-
10
0
0 10 20 30 40 50 60
fc(RAC)[Imp]
[2] «[8] [10] @ [14] @[15] @ [17] @ [20] @ [23] « [24] = [25]
«[30] @ [32] @ [34] » [35] « [37] @ [40] @ [41] @ [42] « [48] = [49]
R% (25% - 50%)
%
R?=0.9908
80
70
_ 60
Q
& s0
g
g oh"_'.. .o
30 o, .g: (S
20 L.-I. L
10 o ®
0
0 10 20 30 40 50 60 70 80
fc(RAC)[Imp]
[9] o[10]e[14] «[16] 8 [17] @ [18] @ [20] @ [21] @ [23] & [24] & [25] « [28] ® [30] « [32]  [34]
[35] = [36] « [37] @ [38] » [39] @ [40] @ [41] @ [42] @ [43] @ [44] @ [45] o [46] » [47] [48] « [49]
R% (50% - 75%)
40
R?=0.9917
35 e
o %
30 .
.I
a . 2
g 2 . -
£ 15 g )
10 e
5
0
0 5 10 15 20 25 30 35 40
fc(RAC)[Imp]

o [9] o [10] o [14] & [17] ®[18] o [23] ®[24] ®[30] ® [32] ® [34] ®[35] o [39] ® [42]  [43] « [44]
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R% (75% - 100%)

90
R?=0.9772
80
70 ®
60 t
o
3 s0 o®
g 2 *
40
% o 0 o° ®
S o
AY <5y
20 3 L .
o
10 - " L]
4]
0 10 20 30 40 50 60 70 80
fc{RAC)(Imp]

[9] *[10] ® [11] ® [14] « [16] # [17] @ [18] @ [19] @ [20] & [21] # [22]
©[23] « [24] + [26] » [27] ® [29] @ [30] » [31] @ [32] # [33] & [34] = [35]
[36] - [37) (3] » [40] & [42] # [44] = [47] & [48] - [49]

335l Aaiianall Lakall aglias Ayl Jaial Aaglio ( AU L3 JSA
.(6) Aaladl

) Al AL Alal) JSE) ellae) o5 Galadl Coglall) aladiiuly

fewvac)
w/c

(7)

Xw/c
fc(RAc) = ]

dua

-

o Lasy 28 s aysdi dlaall clygand) (il dilshandl) Jakaall Aaslis 1 fypacy
.MPa

2 L 28 die Agphll Glgasll g dblshul) Ll dagis tfy oy a0
.MPa

alatinly alia 5 Gl Loy 28 ve Ll deslie clual Jolas :X,, /0
.EXCEL SOLVER

Al Clae 30 vie X, 0 delaadl Clua 2 438y 35 e Jgeand) Jal 000
e S xie X e dabead) dad (3) saall maasy cJlain)
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Jad)

O

0—25%

25% — 50%

50% — 75%

75% — 100%

R% (0 - 25%)

R?=0.9844
50 .
40
= . *
g SR A
g 30 e
g }
=
AT
10
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0 10 20 30 40 50 50
fe[RAC)[Imp]
o [2) [10) [14] [15] o [17] e[20] [30]
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90
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80
70
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a
3 s0
o
= 40 v
& 55 . LA ‘ .
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20 o
]
10 o”
0
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fc(RAC)[Imp]
©[10] @ [14] « [16] @ [17] ® [18] @ [20] © [28] ® [30] & [32] « [35] « [36] - [37]
[38] » [39] @ [40] @ [41] @ [42] @ [43] @ [44] @ [45] » [46] » [47] [48] - [49]
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CIrs

R% (50% - 75%)

R*=0.9768
35 .
30 .
.
— 25 .
=
S
o
T 20 . .
S ‘.
£ 15
.
*
0 . .
5
0
0 5 10 15 20 25 30 35 40
fc(RAC)[Imp]
e[10] o[14] o[17] @[18] [30] «[32] «[35] «[30] e[42] e[43] e[44]
R% (75% - 100%)
90
R?=0.9765
80
70 -
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g
w 50 : L]
= .
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40 .
g e t. s 4T .
30 . ~Q.: £ .
H L
. . " 3804
L
o 9
10 ".‘
0
o] 10 20 30 40 50 60 70 80
fo(RAC)[Imp]

©[10] @ [11] o [14] = [16] ® [17) @ [18] ® [19] » [20] & [22] = [26] ® [29] « [30]
o [31] @ [32] = [35] » [36] - [37] @ [39] @ [40] » [42] @ [44] o [47] @ [48] = [49]

2350y Aaifiall Jaial) S glias Al Jniall Foglie (s AR L4 UK
(7) Aalad

o) e lele Jgemall a3 Sl Al bl o )6 (4) Jsaall g
A ol el e Bl B e e Jpanl) 5 1 Sl Lkl
Jeracyexp 3 feracymp oo S boall daglia & (96
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Aaifisal) ClEally A yail) 3Ly 43)Ee 4 Jpaal)

A il cliby) FE(RAC) yp daiiicual) Jaial) 4aglia
w/f, E E
R% / (RAC)EX q A % q A %
c P (6) (7)
0.3 - 0.6 -
25 0.5 24.2 |23.82 o 1.6% | 23.52 g 2.8%
0.5 - 1.0 -
50 0.5 239 |[23.31 5 2.5% | 22.88 5 4.3%
0.7 - 1.1 -
75 0.5 23.5 |22.73 . 3.3% | 22.34 6 4.9%
10 0.0 - 0.8 -
0 0.5 22.6 |[22.56 4 0.2% | 21.74 6 3.8%

Aagliay Adlall Auball laial) dagliad Al sl Ga Uadll A of Jaadl

%4.9 5t Y da i) G atl) el e L suenall Jaiiall
242
24 239
23.52 235
235 2331
:} 23 2288
é 225 22.34
é = 2174
215
21
205
25 50 75 100
Adlal) Laall Avisioal) Ly yail) lBUally Ayl S G A5)lae 5 IS

% Jlai¥) dpai
mfc(RAC)EXP M Eq(6) ®Eq(7)
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S Al wbly il Gl Lyadl il G Al (5) Jsall mas
bl gl G QA (M A Dapll Dady Spa A8l CBIAY e gl Jaaal)

fc(RAC)EXP 3 fc(RAC)IM e S

clilally Glal) (e A adl ilill) o 4558 L5 gand

-9
’ w E E
& R% / fc(Exp) a A % a A %
c (6) (7)
31.9
0 0.5
3
28.3 - _
25 0.5 29.37 3.4% | 27.81  0.58
9 0.98 2.05%
29.5 _ _
150 | 50 0.5 28.74  0.81 27.01  2.54
5 2.8% 8.59%
26.8 - _
75 0.5 28.03 43% | 26.35  0.53
8 1.15 1.99%
10 25.9 - -
0.5 27.81 73% | 2559 0.32
0 1 1.90 1.23%
0 0.5 27.4
25 0.5 23.8 2520  5.9% | 2461  3.38%
1.40 0.81
50 0.5 247 |2466 004  |2393 077
1151 0.2% 3.14%
75 0.5 23.1 | 2405  41% | 2336 0 1.11%
0.95 0.26
10 ~ 1220 -
0.5 21.3 | 23.87 22.71 6.63%
0 257 % 1.41
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aillls JI515 50 SladU Gl adll on @il o Jsaall e Ll
12 e 35 Y Uad dai pe Ayl )l (e dnitiasdl)

2] ik8la .5
(Jaind dpss ) Glye B il Lawsic) Auliad)l bl doslie el
JIai) s 32l e Jaiall doglie 3 Laaliss) (1) Jpand) 8 A yedd)
& Sl Al ae ale JSG GEy ZUEAY) 3 L layet sleall Cilsasll
.Olorunsogo [53] ; Bairagi et al. [52] otishall Jball Juwe Je cila )

%7.7 = %6.6 Ly Logliall (mlias) Bl Wagha) & i Lyl w5l (e
e %100 %75 - %50 - %25 Jany) cwal %12.7 - %9.3 -
Nixon [54] Jid) Juw e &ladf sae ae 360 dagill oda Loafy .canjl

. Schulz [57]1 s Malhotra [56] s Buck [55] s

G_‘atﬂ\ - ea) 8) I~ u“l‘ Al e lale Jgaal) A 4;;‘5\ A A culS
:‘éjtﬂ\S s Ayl duy il

(1) Aalaal) :RY Jlaguy) :\..\MJJ fC(RAC) Ll :\.AJGA Ot Dl e
= %25 Jlai¥) il =0.2% ¢=3.3% —2.5% —1.6% DAY 4w
il e %100 - %75 — %50

(2)
= %25 Jaiwy) il =3.8% —4.9% —4.3% —2.8% DAY 4w
il e %100 - %75 — %50

Bl e Jadi ol Ll V) g @l Caedd Auhall oda o e aeyll e
o il Aagall Hyaall f Aagail) i) (i Alia ()5S 85 L Jlaall 13 3 dalial
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Gl e apall ) dals s o g 13y duhall oda 8 Ldlie a0
83y Adsad ST Ledany i) (3Uad sl il jally
:alaliily) .6
lsany (ginll Aaglia Clual Lt ADle i) ) Au))ll clag ~1
Glgean) Jlagind dons AVY SVl sae 33 Jacall o lyen alae
DS Lylss ddlal) candl L (Lmds ilygemny Ahal3) nnjal) ALalal) daslias
=3.3% 2.5% =1.6% 23 Uady Gdlal) duhall dpyyadl) adl) as
el e %100 = %75 = %50 — %25 Jlainy) il —0.2%
GAY) Sl aa Lgijlie die Algie il el Gl
alre Glsiany sl daslie luad donyad ABle Adlall Gyl s ) =2

Fagliay crianlfeld) G AN Ve sae 38y il o Loy

-3.8% —4.9% —4.3% —2.8% sy Uaay ddlall du)jall Gy el
Xy il Je %100 — %75 = %50 — %25 Jlanay)

(A ) e gl die A e il Culac

scluagil) .7
cbialal) 550 Jaab lyss sleall lygeanll Lali s Gl 16 o
Jaral) doglie e
50 Aaglie bl Ly alaall Cilysianll Lals Ayt e )58 o

el Jglay clulaill slgaly g el Jalaas
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Optimization of drinking water
distribution systems using random
search techniques

* Dr. Fatma Slman **Dr. Hana Salman

Abstract

Water supply networks one of the most important and costly
infrastructure elements, and there is always a need to construct new
networks or expand and rehabilitate existing networks to meet
growing demand for water in terms of quantity and quality.
Optimization techniques and hydraulic simulation software help to
obtain the best solutions for the studied networks. This research
aims to compare three random search methods by applying to a
two-loop network. The network was designed using EPANET
hydraulic simulation network individually and then with the genetic
algorithm, simulated annealing, particle swarm optimization. The
results showed that the improvement does not only on the decrease
in cost, as the particle swarm optimization gave the lowest cost,
followed by the simulated annealing, and then genetic algorithm,
but also reflected in the improvement of network performance, by
keeping the velocity in the pipes at the most appropriate limits, as
well as the pressure in the nodes at the appropriate limits too.

Key words: water distribution systems, EPANET, simulated annealing,
genetic algorithm, particle swarm optimization.
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O particle awa JS daplall ol 8. a0y JS5 jolahy deju pllaias ddauls
Cilaganl) 038 G cilasbaall 8 Jolis Juai) lia 5555 - Jaine Ja 58 capad)
eelin) ilu yighiy Claguall asi Y] 13 Ay LAY adine 8 Al
QlSd Jilae da 8 ddphll o Crandial 385 . Jsaasll (S olaily g8 )a Guuii

[9,10] sludlls slaey)
lee liyls dall & 7 laaWy canl) Jlshl Jie Sl e Jlaa) dlad) 3 2y
pan L) S A e lgie IS Jehal) i) &S dglanll i) Ul
Aplaall V) Ul e same G g bl U sl Mgl 285 o)
Acyully aal) A Cluay el 28Sy Al luay 30a1 Jdad & L Aalid)
Lbadl (6) dSall (py sl dall ) dssasll (S dall IS5 jeaie S

cSlaguadl oy 430 )lad g
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I (matladyl ) Coe iball 2 pmal) RSN i) Uail ,;lu._-g|

¥
| 1=_J-_Jn,s..1l-.;n__‘j=.._p_a_-!|

cercdad liall cde i 2 olaalls 2laayl AMas Cilaee Saaas
|( el 2 g olaadly MYt . |

| (Al Jadl) ot Jall sl

B el da 0 Jasia

Metropolis Criterion Jsill jlas

Iq.'lh.ll-JaJ‘ J&C.&J.«JLMMI

MOy

B Lok ) gl

J11] Slaadl cpalill A i aladind Lagia (5) Joill
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I

|{.;L_.;L.§'- O i) A pa) cadd) il .L-'-:',-|

T
I el B g A Al Rl JL'*—‘!]

B e Fadly Jihailly ol

NO

[~ s o]
[

¥
|-{9h55t] Sacall Jylall maan o Al gall pdal Quiadlih Aaill oty ((PDESE) 22a o S0 L) gall 1l -ﬂ-*-1-:|
]

T

| gbest et pa o) 33l 5 i 53 Ja ety s o Y Ugeamsh e Y1 [

Slagal) G dpalled pladind diagda (6) Jsil)

LEBUal)y gl .4

(2) JSal 5 DUy aUat e g paall A0l A8 5 50 58Il )
JS g EPANET iy alatinly o (Jibue JS50 EPANET galiy alasiuly
Caal L Claall G ey lsd o (Slaad) aalil) e lsas Al Laa) Al G
(HDPE 100) %<l e ol Jol (o Llad sy giall UV Gy oY)
Jsaal) 8 daimge a5 2022 aladl lend cawa gl JS ol il ey

(1)
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4 larall g Apiaal) duigh) o gle Adula
Olalu slia Lo Olala dakald o

daayl) daala ddaa
2023 als 16 22al) 45 alaal)

2022 alal jlaad caua gl JSI skl jiall jray quuli¥) sl (1) Jgaad

400 | 350 | 300 | 250 | 200 | 150 | 125 | 100

mm ccsy) i

262.5| 206 | 188.5 | 150 | 122 | 88| 68| 49

e 5yl all ¢ Jshall i) 4K

EPANET gabiy aladiul, 481 -1-4
s EPANET zalip aladinly dug el 205l 4805 pnel) slaall el o
e il Larally (bl 3 Gleyudl Casag ¢(2) S 8 D) ol
sy Osale 209.395 als ASuill AN AASH (o i ¢ alaeY) Dl clels
Pi5 & culSs (sl 8 30 spaall e il Aoyl o WS s

Al Ladll Glaall (2) Jsasdl cuws 0.3m/s «uls Pi8 i5.0.4m/s

EPANET gealiy alaiialy olsally dlaay) ASpdl Lial) AR1SH) (2) Jgaald

iy Jsk | k| depd | A AK| AKNLKN | psed

o) | ) | e | ) | 3l el | ele DU | 5 (sl
m | mm m/s A5l A sm Byl A s

Pil 100 400 0.83 262500 26.250

Pi2 666 300 0.93 188500 125,541

Pi3 94 125 1.15 68000 6.392

Pi4 466 100 0.93 49000 22.834

Pi5 72 125 0.4 68000 4.896

Pi6 696 150 1.63 88000 61.248

Pi7 310 250 2.34 150000 46.5

Pi8 47 200 0.3 122000 5.734 299.395

il il Al aladiul Al -2-4

& Aaumgdl @l @als el d),)all ae EPANET gaeliy gk o
Cangliis Ay 5y (sale 271,145 caly 4030 40N 46K o o (3) Jsaal)

e dylie wll) 8 deyudl culSy 350mms 100mm o cawlY) sl
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Slefs PiS sl 3 0.56 M/s deju amial cialys ¢ oadae) Blgin¥) clels

(4) Jsaall 8 Gainge sSLaal) ity LPi3 s 3 1.35 m/s ey

Al Auag A clsially (3) Jsaad)

1.7% el Gl g, gl p

Cut probability Population size

el Jale Ja¥ 2ae

1000000 Penalty factor | 90 Number of

generations

60% e BT ikl Jane

Splice probability Mutation rate

ke daall axe A siall 4,30

6 Maximum Era | 0.6 Random seed
Number

L) e ledd) aladindy olually daey) AUl Lial) AQIEY (4) Jgaad)

3 sk | k8| depudl | Ad A AN AN g senall

Qe | s | s & skl sl | 3 (sl
m i MMy ey Sl | B sele Agm
m/s Asal Asme

Pil 100 350 0.9 206000 20.6

Pi2 666 300 0.71 188500 | 125.541

Pi3 94 125 1.35 68000 6.392
Pi4 466 100 0.67 49000 22.834
Pi5 72 125 0.56 68000 4.896

Pi6 696 125 0.91 68000 47.328

Pi7 310 200 0.72 122000 37.82

Pi8 47 200 0.68 122000 5734 | 271.145
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Olalu glia 2 Clabes dakald |3 2023 als 16 22al) 45 alaal)

Sl cpalil) ) lsd aladiuly 48N -3-4

oo kil dugpual Al meall Slguedl ddadll el S
(5) dsaall (8 Aaimsall @il aladinl ae (Slaall cpalill 40))lsa
AN e 15% s s Ayyse 5yl Gsile 252,816 AdlSH culacls
Apliie i) 8 dejull culSy EPANET zeliy slad) aladiuly
2l Pi6 sl 8 1.59 5 Pi8 sl 3 0.68M/S o sl
(6) Usaall b daiige

Sl ¢palil) Clals (5) s

500, 250, 150, 100, 75, Tini aglagy) s)l)all
50, 25, 10, 5, 2 Initial temperature
f(ne. Tini, Tstop) Ter 2yl Jasa

Cooling rate
0.01 Tetop i gl 55)n

Stop condition temperature

Sl cpalill Aajlsd aladialy o Lally Slaey) AUl Loal) 48K (6) Jgand

Ky Jsh Sl | eyl |l S| AKH A | g e
el ) | ) & | el skl Gl | 5 sile
m mm ) dpsall |5yl Osile Asme

A

Pil 100 350 1.08 206000 20.6

Pi2 666 250 1.25 150000 99.9

Pi3 94 125 1.07 68000 6.392
Pi4 466 100 0.91 49000 22.834
Pi5 72 100 0.83 49000 3.528

Pi6 696 125 1.59 68000 47.328

Pi7 310 250 1.68 150000 46.5

Pi8 47 200 0.68 122000 5.734 | 252.816




() giiald) Ciagl) ibaa 3N 3 aladiiuly il oliay ey Clud aranal ALl

ciliyiad) Gupm Arajlsd aladiuly 481 —4-4

G Ly lsn e Taldie ) g ) 480l 4815 Y15 Jie) Jadl slal 5 Lad
226.624 <)) ¢S Lag «(7) Jsand) & dawiasall il alasinly Cilepnl)
ol pladiuly 4Kl dually 25% (s ) dias s ae Apsm 5 Osibe
b depdly (300mm; 100mm o W) Ul cagliy (EPANET
O LS 169 mis 5 0.66M/S (e gl abaeV) Dyl aie bl

(8) Jsaal

Glagad) Gy @liahly (7) Jgaad

Jalal abeil Jalaa | il ol Jelaa | Allaall S ool aas

Global learning Personal Inertia weight Size of
coefficient (C2) learning (w) repository
coefficient (C1)
2 1 0.6 50

Y e sal) b Tasall o g yaall A0l S0 ) 1S laal) eilis iy
Sladl cpalil) 3yl dyiald) dpe)ylsalls EPANET galiy alasiuly akaed)
U ABGY) e lsa lael My ilapal) G 3BT Lapplsa ) ALY
(9) sl (w WS 55.62m 5 34.1M (G Canslyig il araall 4y)liie Log
sSlaall (o and casllaal) JKAIL slally 2aeY) ey dugpaall Alall 50 2

casllaall sl (e el dad (o JST cidae] EPANET alasinly
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4 larall g Apiaal) duigh) o gle Adula
Olalas daald o

Olalas slin 2

2023 ale 16 2l 45 Alad)

Slaal) cpalil) Laa) 158 aladiul; olally Saey) A Ll Adtey (8) Jgaad

&) Jsh Shi | deyadl | il A | AN 4a)) & saaal)

P YR BT G| ol skl | bl sy ke
m mm | eyl Apsadl | B Osale Ay

m/s A ypas

Pil 100 300 1.22 188500 18.85

Pi2 666 250 1.03 150000 99.9

Pi3 94 125 | 0.87 | 68000 6.392

Pi4 466 100 | 1.69 | 49000 | 22.834

Pi5 72 100 0.67 49000 3.528

Pi6 696 100 1.57 49000 34.104

Pi7 310 200 1.3 122000 37.82

Pi8 47 125 | 0.66 | 68000 3.196 | 226.624

Aeall 4S5 JBY) Jall cidae | 98 Cilapall Copas ey jlod Gl (7) S cpy WSy

dejull B pn an Al Ape a)l 5 Slaall (il i lsa L ey el

A yaall LY G5k apead siall 3 daally ) 8

Cpalilly Lial) Auaj lgally EPANET aladduly siall 8 Jaical) Lab (9) Jgaal

Gl jad) Qg Slaall

Iy m csiall b Lozl

®2 [ EPANET GA SA PSO
2 69.83 49.77 49.68 4951
[E 57.86 4857 45.44 46.58
14 60.57 50.58 49.21 50.39
JI5 66.18 5562 53.08 5557
116 48.01 38.94 341 35.35
7 55.96 455 43.76 4441
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daiial) ALY A8yl Caa A4S 4584 (7) s

Gluagilly clalingy) .5

4 EPANET 4545 0] 5lSlaal) maliy g dBaY) 35k plasind acluy .1
Laase olaall 8 daey) cul€pal dually Aol <Y1 Jall e Jpaaal

e JS8 EPANET galiys aladind oo

) B Leasaa o deddiidl SN AR GHla o dlad) cuy L2
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Jhos sty dg paall 4S0al J8Y) 48K Clapall Gy deylsa calae L3

& 15% e g (Sl goalil) de))la Ll 25% Jss )
L 9 % s dsh dial) dae) )l

Aladly gan e diph O 8 dexdia) bl duhy Cadl a4

3y 3 pieall AN Basll daaysledd) e JiaY) Jal

Al Ayl Jie leiy Lag A5)lally ABGY1 8 (g)a] 3yha aladin) (S .5
o ST Jal e A8 dlatind (K Loy L 0pmSlsh 38 Gaa) i
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