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Effect of window openings on the displacements

of shear wall in the shear wall system

Dr. Eng Abd Alrahman Issa! Eng. Mohamad AL-Seluman?

Abstract

This paper provides an analytical study of the behavior of shear walls
several types of openings in terms of the transitions occurring in those
walls due to the effect of the presence of these openings, which may be
window or door openings, especially when distributing shear walls
Within any projection of the building on the outer perimeter of the
building, In order to achieve the best twisting resistance within this
building, this research also studies the effect of the gradual increase in
the thickness of the shear walls on the resistance of the transitions
caused by the openings, noting that the whole of the shear walls was
adopted which is the system resistant to seismic loads only, so that the
shear walls take all the building's role was affected by any seismic loads
and its relationship to the shape and distribution of openings within the

shear walls.Key words: Shear wall, Displacements, Openings,

Seismic, Drifts, Period, Frames.

! Professor, Structural Engineering Department, Faculty of Civil Engineering, AL-Baath
University, Homs, Syria.
2 Postgraduate Student, Structural Engineering Department, Faculty of Civil
Engineering, AL-Baath University, Homs, Syria.
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Sl olaadl (s 05 @il ot axe diad oy I8 45sludy laal) A
Bl Jaadiy dad Jib sl dad (5% Mallg Boludl duilly HaY) Gy al dad
claadll g3 jlaall b Jdsdlall agll dlls e anhall sl Al F sl
Lo Lhloe g (phaiiye Gfiaas pal (@l dead 4lie JS5 Jasy 8L
35all gaill s pSe e B s bl LT sld il s Sy
sl ) s Gl s e L Mless e dlee ) I dniyhad il
o) bzl 53 gl IS 8 LSy padll laad Caad) gall Jldl
sl zise 8 el ge uk Aabhd Glail agial gadll s dlls
g% Craaall Zigalll oo e ADRAN Fsall Her ahg 1%a50m ALY
&zl (385 dugpaall Anludl cY AL joal) a8 (5) Jsaall b g 3%

mode no Vo sto

4 0.215 0.228 0.229
3 0.813 0.821 0.825
2 1.115 1.115 1.115
1 1.221 1.243 1.253

S AV el Bl sl a8 (8) Jsasd)

¥l e (gilpal laad il ga JGU iHaV) Jaad B eall (golud andt (Sang
DlaY) e Ll Bl agang 4 ALl B g Uail (o Gaasy o) (Gl AY)
o dndine ohoall dalua ) dxidll dalis i ) g paal Y1 Lalail (38
[%2/fpad dalioe ) Lgialie 55l Y "an AL G (i Gun anlgll gl
ol Gl (ot B D () s "L e G D 2 Vs

ol ldly sl 5V gl puilly AL il
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s gl 3 pladadl daaa e 2022 ale5 sl 44 alaall Gl daals s

X oladyl Liakicy) diailal) dafy) gl 2-4.

Aalls Alalall CYEN) a8 il Je(11)s (10)5 (9) Jshall i
iy yaall gz 3lal (he gz 3gar JSI Al

Displace
Drift X | MeNtX \load case| ki) i Gl
mm -Ee

0.005434 | 102444 | EX1 82 45 Story8
0.005391 | 85.056 | EX1 85 45 Story7
0.005222 | 67.805 | EX1 10 45 Story6
0.004875| 51.096 | EX1 135 45 Storyd . -
0.004306 | 3549 | EX1 160 45 Storyd |
0.003479 | 21.7117 | EX1 185 45 Story3 | |
0.002365 | 10583 | EX1 210 45 Story2 ] —_—
0.000042 | 3.014 | EX1 32 45 Story1 er 5,

IS e Gl Auglal) g0 8 A3lall Aais slaie) &5 4 ) BLEY) s g
JA45] B G malind) o Akl sda dpans of Lang Cum gilla US 8 s
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4 land) ALEY) Jaadl A el ) jax CYED) o 1) i) cilash il

Displace | Load
DriftX | mentX |Case/Co| &bl dhii Gl
mm mbo
0.005631| 107.919] EX1 85 53 Story8
0.005597 | 89.95 | EX1 110 53 Story7
0.005453 | 72039 | EX1 135 53 Story6
0.005125 | 54.591 | EX1 160 53 Story5
0.004563 | 38.192 | EX1 185 53 Story4
0.003727 | 23.588 | EX1 210 53 Story3
0.002577 | 11.662 | EX1 32 53 Story?2
0.001067 | 3.416 EX1 32 53 Story1
Glaids 39 hall laall 2 3gas 385 VLN 28 (10) Jsaal)
Alsils
Displace | Load
Drift X | mentX |CaselCo i) dis ol
mm mbo
0.005813 | 111.005 | EX1 82 53 Story8
0.005782 | 92.404 | EX1 85 53 Story7
0.005622 | 73.902 | EX1 10 53 Story6
0.005271| 55.913 | EX1 135 53 Story5
0.004683 | 39.046 | EX1 160 53 Story4
0.003814 | 24.061 | EX1 185 53 Story3
0.002619 | 11.856 | EX1 210 53 Story2
0.001086 | 3.476 EX1 32 53 Story1

P 1 LEFX 1 [EBET LEFT

PKALEFT PX ILEFT

PX 1 LEFX 1 [BFT LEFT
PX i LEXT LEFX 1 LEFT

PXALEFT PX1LEFT

PAALEET LEPXTLEFT
PX 1 LEFX 1 BT LEFT

PKALEFT PXILEFT

P 1 LEFX 1 [ESET LEFT
PX [l LEET LEPX 1 LEF[T
PXALEFT PX1LEFT

PX/I LEET LEFRILEFT
PX 1 LEFX 1 [ESET LEFT

PEATLEFT PXTLEFT

P 1 LEFX 1 [ESET LEFT
PX i LEXT LEPX 1 LEFT
PXALEFT PX1LEFT

PX i LEXT LEFX 1 LEF|
P 1 LEFX 1 [ESET LEFT

PKALEFT PXILEFT
P 1 LEFX 1 [ESET LEFT
Pz LEET LEFX 1 LEFT

Laihad ciland 3ghall jlaadl z3sas 38y CENY) af (11) Joanl

oLl Gase 98 LaS Ay paall Yl e Al e 4 (10)dSE) Gans
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73.902
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138 sy Cremall laal) Alsg AdELN ol Al e lgie o) Zuaiylasil)
il iy dus adl) Ghaat duall I3l s5ludll g UtV can ¢ guasall
Al clasdl Al 3 aahy) e Jo) daasyladl) clasdll Als 3 daly) ¢
XYY uaémj 8% RPREN] Craiaall _)‘J;J\ A ‘_é Zu\j)!\ O ‘A.C\_g 3% SPREN]
13 aaxiy o) (S s i) Glshall (e Lujily el g Ul (aias) LS caall
G DAY sy Jlall G s 3 Jo¥) Galall die adll gulaniy (3l

%2 g aalsl gilal) 8 Ghaal) Aalie xe A3l Al dalise La

X oladWl (alshl) Cldla milis 3-4
NN Al tiad VUYL Ty L) s il b Cigyee sa LS
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4 land) ALEY) Jaadl A el ) jax CYED) o 1) i) cilash il

(13) (12) dslaadl Gty . oadll Jlan e clamdll sda aladin) dais Glshl)
- ALl YA 3 X etV Al Dl a8 Ll e (14)

Stiffness X Shear X
NIm KN Load Case | Story
98243.262|  1511.6565[EX 1 Story8
169489.805| 2591.4587|EX 1 Story7
237748.852|  3520.7975(EX 1 Story6
311055.846] 4300.3351|EX 1 Storyd
403292.245|  4924.9204(EX 1 Story4
946942.645[ 5396.3881|EX 1 Story3
851794.934| 5713.2401|EX1 Story2
2196025.997| 5863.5244|EX 1 Story1

Stiffness X Shear X Load Case | Story
kN/m kN

100715.489 1629.6016 EX1 Story8
172955.018 2784.7887 EX1 Story7
240849.845 3778.7532 EX1 Story6

312717.83 4612.1591 EX1 Storyb
402028.638 5279.8416 EX1 Story4
563013.528 5783.6403 EX1 Story3
972516.084 6122.0531 EX1 Story2
2066473.321 6289.1044 EX1 Storyl
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Stiffness X Shear X
KN/m KN Load Case Story
98314.546 1629.6282 EX1 Story8
169198.354 2784.8336 EX1 Story7
236122.242 3778.8139 EX1 Story6é
307075.109 4612.2331 EX1 Story5
3956354.331 5279.9262 EX1 Story4
560121.712 5783.7329 EX 1 Story3
969980.897 6122.1256 EX1 Story?2
2043267.812 6289.2159 EX1 Storyl

Gaabyhd lath 395l Jhall dlls b dalall Sl o8 (14) Jsaall

olial (e 98 LS A paddl YA (58 Al ldlall a8 (11)J<al g

2400000
2300000
2200000
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—+—no open
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sh open
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stiffness kN/M
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500000
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300000
200000
100000

0

0 1 2
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Al LSl a8 (11)J<al
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Jglasll

o s
Al
Giy JgY!
Al
laall

gt e

V2

Location

N Load Case Pier Story
371.743 | Bottom EX1 PX5LEFT | Story8
653.2241 | Bottom EX1 PX5LEFT | Story7
903.7629 | Bottom EX1 PX5LEFT | Story6
1112.563 | Bottom EX1 PX5LEFT | Story5
1280.078 | Bottom EX1 PX5LEFT | Story4
1408.251 | Bottom EX1 PX5LEFT | Story3
1495.631 | Bottom EX1 PX5LEFT | Story2
1546.205 | Bottom EX1 PX5LEFT | Storyl

calang (,\;s:w\ s

X

R
aalud)
il
Gl
olasy)
aladsa

Craadll

e ely 6% g Al il Madid Al e

Gusy Baclal) sda calian Sl mlall ) Oy sie W 7% agass duasylad

Ala Ge ded o) L@l el Jadind Al b il Al pus

cldiall 53 (gt Lad G Ul (e "eliidy 13% asms Craad) lasll

Lyl el Calide L "le g gildaxil

X olai¥l Gall) hta e Bijall el 558 il 4-4

5Bl dugynal) el ghas o shgall Aalall (gl duby Glld e Ly
(16) (15) Jshasdl coss LI (goall o palll Jlas diaa o cilasdl) a5ag
L) VY 3y Gl Chn e 53 () (558l Ll e (17)
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s gl 3 pladadl daaa e 2022 ale5 sl 44 alaall Gl daals s

( 15 ) Jeaall
I\(Ifl Location Load Case Pier Story
496.0653 | Bottom EX1 PX5LEFT | Story8
686.9077 | Bottom EX1 PX5LEFT | Story7
885.9139 | Bottom EX1 PX5LEFT | Storyé
1065.024 | Bottom EX1 PX5LEFT | Story5
1196.618 | Bottom EX1 PXSLEFT | Storyd
1250.143 | Bottom EX1 PX5LEFT | Story3
1163.385 | Bottom EX1 PX5LEFT | Story2
894.112 | Bottom EX1 PX5LEFT | Storyl
( 1 6) Jeaall
V2 . .
N Location |Load Case Pier Story
403.658 | Bottom | EX1 PX 5 LEFT Story8
646.5607 | Bottom | EX1 PX 5 LEFT Story7
832.9255 | Bottom | EX1 PX 5 LEFT Story6
1028.692 [ Bottom | EX1 PX 5 LEFT Story5
1147.331 | Bottom EX1 PX 5 LEFT Story4
1196.96 | Bottom | EX1 PX 5 LEFT Story3
1251.754 | Bottom | EX1 PX5LEFT Story2
845.7652 | Bottom | EX1 PX 5 LEFT Story1
(17) Jsasl

P gl oA 8 ghaall e gl (il (g8 (12)J<EN Cg
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asy daladl e Gl Gl (ggine B il e Lglal) (il (s Wl
B aldall (ggise (s ol padl) (g8 O 3 Al clatd (gan AN haall
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15%
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3gasy laall ASlew i Lal ol Lasd) 8 Zeasieddl hosd) dSLew salyy Liad
o dalgi G Augyall bl LBl clDlally eV e el

daiyhd calaias 243

X olaVl jzaYl e

&;&A\ !ui)AA\ CJLQ:I“ X b\ai\fb Oy e cjtu (13) dS::J\ Otw

1.13 1
13 1123
1.081 1.08 1.078 1104
1
0.776 0.773 0.766 - 08
®no
- 06
v op
mst op
L 04
0209 021 g 197
- 02
Fo
4 3 2 1

OlmaY) Slshal e skl 5aal ellig X olaBVL 3ma¥) s (13) JSEN

plaiV elil) 9 ad of Laagl a8 250m ASLead) 53 Hlaall Allsy S g LS
At yie g paidly daihall Gl aadiu) vie Lol A el 058 X
Aad b poungall 138 judig culat aladind aae e ded (mesly ddgalall cilasdl)
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caland ?\M\ pae dixd ) J<an 43‘5\.»:5‘5 JL\;J\ M:\SCA LSe i ”ﬂ\
osdl) dad 0585 Ml Bslull iy 5a¥) Ay 4l dad Aol Slaall 035 005
Ob A gl Alls g anlall gl Alls 8 sl Bl uadsg dad i
Oahaiiye (fieas (i (Glaa dead 4lie S0 dery AdalA clasdll 53 lasd)
Dl e e Ji o0 Jully 5T ggld Gadll s s lae il gy
G gadll s e b "legs am alee ) 3 daiphad culatiy g3l il

Al s3gd Lawdll

T (sec)

mode no vV op st op
1 1104 | 1.123 113

2 1.078 1.08 1.081

3 0.766 | 0.773 | 0.776

4 0.197 0.21 0.209

SV A Y)Y Bl sl a8 (18) Jsasl)

X slal adll jlaad Zalladll dal3y)

AVl Adalall V&) a8 il Ae(21)5 (20)5 (19) Jslasd) mlag
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s gl 3 pladadl daaa e 2022 ale5 sl 44 alaall Gl daals s
story Label (Unique Name| Load Case |Displacement X| Drift X
Story8 45 82 EX1 84.418 0.004455
Story7 45 85 EX1 70.162 0.004426
Story6 45 110 EX1 55.997 0.004295
Story5 45 135 EX1 42.252 0.004018
Story4 45 160 EX1 29.394 0.003557
Story3 45 185 EX1 18.01 0.002881
Story2 45 210 EX1 8.79 0.001964
Story1 45 32 EX1 2.507 0.000783
(no open) Cueadll jlaall zigas 38 Y EN) 2 (19) Jsaal
story Label hique NanlLoad Case Displacement X| Drift X
Story8 45 82 EX 1 88.802 0.004593
Story7 45 85 EX1 74.104 0.004586
Story6 45 110 EX1 59.428 0.004477
Story5 45 135 EX 1 45.101 0.004218
Story4 45 160 EX1 31.603 0.003765
Story3 45 185 EX 1 19.554 0.003084
Story2 45 210 EX 1 9.686 0.002138
Story1 45 32 EX 1 2.844 0.000889
Al gls Clatdy 39 hall Jland) z3sar 385 VN a8 (20) Jsaal)
story Label |Unique Name Load Case Displacement X Drift X
Story8 45 82 EX1 90.859 0.004731
Story7 45 85 EX1 75.719 0.004714
Story6 45 110 EX1 60.633 0.004592
Story5 45 135 EX1 45.938 0.004314
Story4 45 160 EX1 32133 0.00384
Story3 45 185 EX1 19.844 0.003133
Story2 45 210 EX1 9.817 0.002165
Story1 45 32 EX1 2.888 0.000902
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cosdall ) Al salal)
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(S Sl e a-d Olasbad) daaa A 2022 elﬁs aall 44 Alaadl) el Z.a.ala MM

0.208 0.788 1.071 1.178 NO open
0.212 0.793 1.082 1.178 V open
0.212 0.796 1.089 1.178 ST open

oY) Ay lzay) bl l5a¥l 50 22/ Jsasll

T sec

ENOopen HVopen ®Shopen

1.1781.1781.178
1.0891.0821.071

0.7960.7930.788

0.2120.2120.208

Mode4 Mode 3 Mode2 Mode 1

S OYT e (& Cadla i asag LDl @lud) JSAlly Joaadl DA (e
Cilad aladiul o ang Cus DA Luhall Yl Gig (Y) ASal) olady (ilsal)
395l Slaally Creadll Jlaall Ala ce Olpa¥l e sl ) ol daiylas
Daall A ae Lo Ganlin gall dad o gl 138 judiy dlsils clasi
A dad eb jhall Oy 0sS @laid aladiud aae died oy IS5 435l
sl 8315 usdg dad Sl el dad 0S5 g Boludll Ay yeY) Sl
ALl clasdll 53 laad) b JBlal aall Als e abhdll aisl dlls

Dl S lae Hhalie gian (phatiye Gfleas el (Slas Jead 4l JSG Jeny
43



4 land) ALEY) Jaadl A el ) jax CYED) o 1) i) cilash il
aplat Glaid 3g3all palll s o€ e B sn by LSl sl (il
Grauaall giall Jladll Joall CaMid) (il Hlas e L "legi duas adae o) 3

el aal

Y olatl aidll faad dallall da)3y)

Aal¥ly dlalall CVEN) a8 e il J1e(25)5 (24)5 (23) Jslandl pmias

g yaal) 7 3Lail (e a3 JSI il

displacementY Load Unique
P Case/Combo Name Label Story
mm
80.21 EY 1 72 44 Story8
66.976 EY 1 96 44 Story7
53.739 EY 1 121 44 Story6
40.786 EY 1 146 44 Story5
28.555 EY 1 171 44 Story4
17.619 EY 1 196 44 Story3
8.671 EY 1 221 44 Story2
2.503 EY 1 51 44 Story1

NO/csomdll Jlaall dlla b lasd) Jlissl /23] Jsanl

displacementY Load Unique

mm Case/Combo Name Label Story
82.645 EY 1 72 44 Story8
69.227 EY 1 96 44 Story7
55.75 EY 1 121 44 Story6
42.501 EY 1 146 44 Story5
29.925 EY 1 171 44 Story4
18.611 EY 1 196 44 Story3
9.274 EY 1 221 44 Story?2
2.745 EY 1 51 44 Story1
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s el ae ad Gladad) daaa a0 2022 ale5 aaadl 44 alaal) Cal) daals dlaa

IV Ofadsils ity g3al) Jlanll dlla 3 ol Jliwl 24/ Jsas)

displacementY Load Unique

mm Case/Combo Name Label Story
84.453 EY 1 72 44 Story8
70.672 EY 1 96 44 Story7
56.851 EY 1 121 44 Story6
43.288 EY 1 146 44 Story5
30.438 EY 1 171 44 Story4
18.903 EY 1 196 44 Story3

9.41 EY 1 221 44 Story2
2.792 EY 1 51 44 Story1

/ST Ofasaijhad claiis 3930l Jlaall Alls 3 laadl Sl /25/ Jyaal)

Sl 23l 385 gugpaall (el a3 Aaslll YY) o8 /16/ JSE) cng
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sh open| 2.792 9.41 18903 | 30438 | 43288 | 56851 | 70672 | 84.453
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[2] Appendix no.2 of Syrian Arabic code for design and execute
structures by reinforced concrete, , 2013- Design _and Check
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Study of Stress-Strain behavior of self-compacting
concrete SCC Cylindrical Samples Produced of

Local Materials
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Abstract:

The main purpose of this research is the ability to produce self-
compacting concrete from only local building materials, it is
produced and tested experimentally, and it has a high operability
and able to pass and flow within the concrete member and easily
penetrate between the reinforcing bars without the occurrence of
separation or accumulation of the concrete mixture This enables us
to use it in construction, restoration and strengthen at the lowest
costs of production.

Three concrete mixtures have been produced with three grades of
cement (550,500, and 450 kg/m3) and three types of chemical
plasticizers (HRW, Sikament, and S) and two ratios (2%, and 2.5%)
of the weight of cement, The characteristics of this type of concrete
in its fresh and solid states were studied to determining the

cylindrical strength, measuring the stress-strain curve (6,§) for the
tested samples at the age of 28 days, and comparing the results with
models (6,§) for previous reference studies and research, the results

showed That the convergence of the curves reaches up to (80%),
and that the closest curve to describe the case is the POPOVICS
curve with its ascending part and the EURO-CEB curve with its
descending part.

key words: (Reinforced Concrete- self-compacting concrete SCC-
plasticizer - stress - strain - operability)
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Analytical Study For The Vertical Drains Effect In Clay

Soils

Abstract :

This research discuss :
- The effect of space between vertical drains de on the horizontal

consolidation degree U, .

— The effect of the thickness of smear zone around the vertical drain
ds, and its permeability on the horizontal consolidation degree U,

according to the construction method of the vertical drain in clay soil .

— Study the change of clay soils settlement and pore water pressure
which caused by the change of space between vertical drains by
using finite element program GEO-SLOPE

- Resultes showed that the presence of vertical drains in clay soils
accelerate of consolidation process and that follows to the space
between the drains and to the disturbance of the soil around the drain
which resulting from the way of the drain is build up , and to the
thickness of the smear zone around the drain.

— We get design curves that we can determine the distance between
the drains to achieve a certain consolidation degree in a certain time .
— We can forecast the settlement and the pore water pressure by time

of clay soils which contain vertical drains by using finite element

Key words : vertical drains — horizontal consolidation degree — settlement —

pore water pressure — GEO-SLOPE .
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Ja b dibide el Pla 5 7M Ggiall die PWP sldll ela b s 2 ((14) J<al
365 208 118 67 38 21 12 6 3 1 0
days | days | days | days | days | days | days | days | days | days | days
(PWP) kPa pluddl clataria X (m)
30.37 | 41.36 | 52.97 | 65.20 | 77.01 | 86.81 | 92.30 | 94.77 | 95.11 | 95.11 0 0
30.37 | 41.36 | 52.97 | 65.20 | 77.01 | 86.80 | 92.28 | 94.74 | 95.08 | 95.15 0 0.5
30.37 | 41.36 | 52.97 | 65.20 | 77.00 | 86.77 | 92.23 | 94.66 | 94.98 | 94.93 0 1
30.37 | 41.36 | 52.97 | 65.20 | 77.00 | 86.75 | 92.18 | 94.58 | 94.88 | 94.98 0 1.5
30.37 | 41.36 | 52.97 | 65.20 | 77.00 | 86.74 | 92.15 | 94.54 | 94.85 | 94.83 0 1.9
30.37 | 41.36 | 52.97 | 65.20 | 77.00 | 86.74 | 92.15 | 94.54 | 94.85 | 94.75 0 2
30.37 | 41.36 | 52.97 | 65.20 | 77.00 | 86.74 | 92.15 | 94.54 | 94.85 | 94.83 0 2.1
30.37 | 41.36 | 52.97 | 65.20 | 77.00 | 86.75 | 92.18 | 94.58 | 94.88 | 94.98 0 2.5
30.37 | 41.36 | 52.97 | 65.20 | 77.00 | 86.77 | 92.23 | 94.66 | 94.98 | 94.93 0 3
30.37 | 41.36 | 52.97 | 65.20 | 77.01 | 86.80 | 92.28 | 94.74 | 95.08 | 95.15 0 3.5
30.37 | 41.36 | 52.97 | 65.20 | 77.01 | 86.81 | 92.30 | 94.77 | 95.11 | 95.11 0 4

LV P 5 7M Cguiall 2ie PWP oLl
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365 208 118 67 38 21 12 6 3 1 0
days | days | days | days | days | days | days | days | days | days | days

(PWP kPa pludl ¢l aiia X (m)
097 | 244 | 5.76 | 13.54 | 28.77 | 51.20 | 72.43 | 88.91 | 94.16 | 95.03 0 0
091 | 230 | 541 | 12.65 | 26.82 | 47.77 | 68.14 | 85.54 | 93.02 | 95.01 0 0.5
0.76 | 191 | 440 |10.12 | 21.21 | 37.80 | 54.98 | 73.12 | 86.63 | 94.62 0 1
054 | 1.31 | 290 | 6.32 | 12.75 | 22.40 | 33.10 | 46.98 | 63.16 | 86.58 0 1.5
032 | 0.76 | 148 | 271 | 4.69 | 7.49 |10.71 | 1552 | 22.91 | 41.52 0 1.9
0.30 | 0.69 | 1.31 | 228 | 3.75 | 5.75 | 8.02 | 11.46 | 16.94 | 32.17 0 2
0.32 0.76 1.48 2.71 4.69 7.49 | 10.71 | 15.52 | 22.91 | 41.52 0 2.1
054 | 1.31 | 290 | 6.32 | 12.75 | 22.40 | 33.10 | 46.98 | 63.16 | 86.58 0 2.5
0.76 | 191 | 440 |10.12 | 21.21 | 37.80 | 54.98 | 73.12 | 86.63 | 94.62 0 3
091 | 230 | 541 | 12.65 | 26.82 | 47.77 | 68.14 | 85.54 | 93.02 | 95.01 0 3.5
097 | 244 | 5.76 | 13.54 | 28.77 | 51.20 | 72.43 | 88.91 | 94.16 | 95.03 0 4

L) P 5 7M gl 2ie PWP aliall ¢be i ad G (2) Jsaal
Ll G de=d4m @I Caypadll dsag das 0 (0,1,3,6,12,21,38,67,118,208,365 )
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. 2\.1):\!\ L_.é de=4m &,’Jﬁu k_.!).a.AA 2939

365 208 118 67 38 21 12 6 3 1 0
days | days | days | days | days | days | days | days | days | days | days
de = 4m Cus A @S G jlac 25 5 Y% AU pbaal) clo Jaria (il dus X (m)

96.82 | 94.10 | 89.13 | 79.23 | 62.64 | 41.02 | 21.52| 6.18| 1.00| 0.09]| 0.00 0

96.99 | 94.44 | 89.80 | 80.59 | 65.18 | 4496 | 26.16 | 9.71| 2.16| 0.14| 0.00 0.5

97.49 | 95.39 | 91.69 | 84.48 | 72.45 | 56.44 | 40.38 | 22.75| 8.79| 0.33 | 0.00 1

98.23 | 96.82 | 94.52 | 90.31 | 83.44 | 74.18 | 64.09 | 50.32 | 33.44 | 8.84 | 0.00 15

98.93 | 98.17 | 97.20 | 95.85 | 93.90 | 91.36 | 88.38 | 83.58 | 75.85 | 56.22 | 0.00 1.9

99.02 | 98.34 | 97.53 | 96.51 | 95.13 | 93.37 | 91.30 | 87.88 | 82.14 | 66.04 | 0.00 2

98.93 | 98.17 | 97.20 | 95.85 | 93.90 | 91.36 | 88.38 | 83.58 | 75.85 | 56.22 | 0.00 2.1

98.23 | 96.82 | 94.52 | 90.31 | 83.44 | 74.18 | 64.09 | 50.32 | 33.44 | 8.84 | 0.00 2.5

97.49 | 95.39 | 91.69 | 84.48 | 7245 | 56.44 | 40.38 | 22.75| 8.79| 0.33| 0.00 3

96.99 | 94.44 | 89.80 | 80.59 | 65.18 | 4496 | 26.16| 9.71| 2.16| 0.14| 0.00 3.5

96.82 | 94.10 | 89.13 | 79.23 | 62.64 | 41.02 | 21.52| 6.18| 1.00| 0.09 | 0.00 4

L)Y Pla 5 7M Gguiall vie % alusall sle Jarn (aBlS ad G (3) Jsaall
Ll G dg=4m @A Capeadl 39a9 A ag (0,1,3,6,12,21,38,67,118,208,365 )
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Cipas 339 pie Jlag dlld 5 Gall xe dpbaall gl Lga dole A S 9A1 dga 0a
O (4) ol aw Cus, 2M 5 3mM 5 4m Glae by AL Cijlas 35 b 5 (sl
Ligagl alh M clae iy AALAN Coyladlls,Cijloadd) ¢ Al il oo Lagig ad il
2 %100 dawsy Jaggl) aly 3m Clac iy AL Cijladdl 5 a5 365 20 %71.43 duy
55 a5 305 2 %128.57 duy Lsagll ) 2m clacliy AL Gjladll 5 s 365

ALl cYW e JSE ) 5 dagagll (s Al g (17 ) KA

de = 2mM <8 pae 252 50 ‘ de = 3M < pae 352 5 ‘ de = 4m <& pae 352 5 ‘ S paall 355 s
(m) ko) (e
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-0.12 -0.10 -0.07 -0.02 38
-0.13 -0.11 -0.09 -0.03 67
-0.14 -0.12 -0.10 -0.04 118
-0.15 -0.13 -0.11 -0.05 208
-0.16 -0.14 -0.12 -0.07 365

(0,1,3,6,12,21,38,67,118,208,365 ) syl D 2m 53m 5 4m ciaelsy Adsils
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D Gluagill 9 claliinuy)
Conclusions and Recommendations :
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EPANET 2.2

Using of pressure—driven analysis (PDA) for the evaluation of
the water distribution networks performance during

intermittent supply
Dr. Eng. M. Bashar Al-Mofti
Damascus University, Faculty of civil Eng.

Abstract: In Syria, the intermittent water supply system prevails in
most communities, where the supply period in most of them does
not exceed 2-4 hours per day, every two days or with less
frequency depending on the water availability, the main reason for
using this system is the water scarcity. The traditional method of
designing water networks use the principle of demand-driven
analysis (DDA), which is based on the assumption of water
demand at each network node. Then the head at the nodes, the

discharge and the flow velocity in the network pipes are calculated.
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However, during the actual operation of the network when using
the intermittent supply system, residents are forced to install
household tanks in order to secure their water needs during the
cut-off period, so the residents far from the water source and at
highland areas, get less water than their actual needs, or the water
does not reach them at all. Thus, the demand becomes related to
the pressure available in the node, and the use of pressure—driven
analysis (PDA) gives a closer representation of the real
performance of the network under intermittent supply conditions. In
this paper, a virtual network was analyzed using the two described
methods of analysis, and it was clearly demonstrated the suitability
of the pressure—driven analysis (PDA) to analyze networks in the
case of intermittent water supply, as it gives a clear picture of the
network's performance, and identifies the weaknesses that must be
taken into account during the design and operation of drinking
water supply networks. It was proved that the total amount of water
distributed on the network can be controlled by controlling the
feeding hours, but it was found that there is a clear inequality in
the distribution of water to consumers, and both the Uniformity
Coefficient (UC) and the network hydraulic reliability were used and
it was found that their use gives a clear picture of the network

performance.

Key words: water supply networks, intermittent supply, demand-
driven analysis, pressure driven analysis, Uniformity Coefficient,

hydraulic reliability, EPANET 2.2.
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