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Using The Free Sentinel-1 Satellite
Images to Detect of Earth's Surface
Deformations in The Safita Region,
Based on Images Persistent Scatterer
Interferometry (PSI) Technique

Eng. Dareen Nofl * Dr.Eng. Hanan DARWISHE**
Dr.Eng. Adnan Mohammad** Dr.Eng Fadi CHAABAN***

Abstract
Monitoring deformations and subsidence of the Earth's surface has

been receiving increasing attention in recent years due to its great
importance in modern engineering. Differential Synthetic Aperture
Radar Interferometry (DInSAR) has become a widespread
technique for monitoring subsidence, providing a huge amount of
ground displacement data for large areas at a low cost compared to
monitoring traditional methods including the use of a device total
station and Global Positioning System (GPS). it is able to work in
all weather conditions with regional spatial coverage, as it covers a
large area of land up to about (250 km) with a spatial resolution of
(5 m x 20m). and it does not require any devices to be installed on
the ground such as leveling works and (GPS) surveys, which
provides limited data on measuring points in addition to the large
cost, especially when it is conducted on large areas.

Persistent Scatterer Interferometry (PSl) is one of the(DINnSAR)
techniques capable of measuring and monitoring Earth's surface
displacements over time with high accuracy.

This research presents an empirical study on one of the most widely
used (PSI) methods, which is the Stanford Method for Persistent
Scatterers (StaMPS) To determine the values of displacements and
subsidence in the city of Safita and its surrounding areas, if they

13




dahiae B (oY) e cla i Cadst dilaal) (sentinel-1 ) reall @il gua aladin)
(PSI) saial) Jiasaly JaIa (ubd 458 o lalaie) Lidla

exist. This method is based on the selection of phase-based
persistent scatterers (PS) and does not assume a pre-processing
deformation model. (13) images from (Sentinel-1) from the
descending orbit of the Safita area were used and processed using
the (SNAP) program in preparation for exporting them to
(StaMPS). the results were processed and analyzed to determine the
subsidence, displacements and deformation velocity in the area
during the period studied from (14) February, (2020) to (31) July,
(2020). Where the value of the average deformation velocity in the
direction of the |Line Of Sight (LOS) ranged between (-40.3
mm/year) and (32.9 mm/year), and the values of subsidence were
calculated in the region, and these values ranged between (0 mm)
and (27 mm), as it was the largest value for subsidence in July
(2020).

Key words: DINSAR , PSI, StaMPS, descending orbit, subsidence,
deformation velocity
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ledplsis Gl e b oppmd) Jalull (o il A el 2(5) Jpand

no Date Time UTC | Latitude | Longitude | Depth Magnitude Region Name

1 03/04/2020 18:26:35 35.94 35.51 10 25 NEAR THE COAST OF SYRIA
2 03/04/2020 18:20:39 35.87 35.6 6 2.6 NEAR THE COAST OF SYRIA
3 03/04/2020 18:15:42 35.83 35.55 10 4.8 NEAR THE COAST OF SYRIA
4 04/04/2020 03:41:53 35.74 35.64 18 2.6 NEAR THE COAST OF SYRIA
5 14/04/2020 23:41:00 35.86 35.54 10 2.5 NEAR THE COAST OF SYRIA
6 14/04/2020 22:55:21 35.81 35.66 7 2 NEAR THE COAST OF SYRIA
7 14/04/2020 22:37:56 35.85 35.47 10 4.2 NEAR THE COAST OF SYRIA
8 15/04/2020 17:43:05 35.9 35.44 12 2.8 NEAR THE COAST OF SYRIA
9 15/04/2020 14:11:53 35.76 35.49 20 3.7 NEAR THE COAST OF SYRIA
10 15/04/2020 11:34:32 35.82 35.47 10 2.8 NEAR THE COAST OF SYRIA
11 15/04/2020 11:34:32 35.82 35.47 10 2.8 NEAR THE COAST OF SYRIA
12 15/04/2020 09:08:42 35.91 35.47 15 3.1 NEAR THE COAST OF SYRIA
13 15/04/2020 09:08:42 35.91 35.47 15 3.1 NEAR THE COAST OF SYRIA
14 15/04/2020 08:49:02 35.98 35.45 20 2.3 NEAR THE COAST OF SYRIA
15 15/04/2020 08:18:36 35.88 35.48 10 4.4 NEAR THE COAST OF SYRIA
16 15/04/2020 07:56:54 35.79 35.58 40 2.2 NEAR THE COAST OF SYRIA
17 15/04/2020 07:40:04 35.89 35.48 10 4.7 NEAR THE COAST OF SYRIA
18 15/04/2020 03:38:03 35.87 35.51 20 2.7 NEAR THE COAST OF SYRIA
19 15/04/2020 02:35:36 35.78 35.56 40 2.8 NEAR THE COAST OF SYRIA
20 15/04/2020 01:35:31 35.96 35.6 33 2 NEAR THE COAST OF SYRIA
21 15/04/2020 00:52:01 35.88 35.6 40 2.6 NEAR THE COAST OF SYRIA
22 16/04/2020 17:39:25 35.98 35.7 49 2.8 NEAR THE COAST OF SYRIA
23 17/04/2020 21:42:35 35.9 35.45 10 2.6 NEAR THE COAST OF SYRIA
24 18/04/2020 02:01:16 35.9 35.44 10 2.4 NEAR THE COAST OF SYRIA
75 1a9/na/2nn 77-4%-27 ag =% 28 &1 18 21 NFAR THF FOAST NE SVRIA

Gluagilly claliiy) 5
diladl (Sentinel—1) aiall alill cilaglas alaind 4alSe) Zubal) oda el
Al Jae babia i DA e G 5 Udla Gady 3 ga)Y) cilagi Cail
At P es ¢ aad) dagibe cilsaly (SAR) @by dalled (PSI)D) e
Gyl aasinl @ LS (StaMPS)ls (SNAP) Zallaall culsaY ol il
dcyw hugie o Jsaall @ Al clslll Y (TRAINMI 8 Lead

g pal) dalaidl) 8 5ydiasall Gl finaall (LOS) sladl 3 claliy s o sl
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dinfae =40.3 )i (LOS) bl Jad oladl 8 o sl de yus Jansgio dad Ciny)i
o Gl 2 (a2 45) oslam ¥ A baud) W) aladiulyy o(daw/ae 32.9 4
Ligsell iad 5T Cialys (a0 27 5 0) o il 030 i)y 3) ddlaial) & il sagll
Deh DA (a )Y mhaa Ll 58V clabid) culs L(2020) S s DA
L Gyt ) A )Y el Alade Gan b (Sayy (2020) Gl

((2020) st e 3 Aidaial
Jon Uidlin dad )} Aadial) Lpudin gl Auhl) il e lgle Ulian ) bl (3d
Gblly 48V Gl o Jpanl) (S WS (g mha 8 alal) sy
hlae (e (Sentinel=1 ) jsa o 37 Ay Al alasiuly (LOS) wilalpl

.EJQLA} aLJL%
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Effect of fine material ratio on shear
factors and CBR values

Abstract

An appropriate soil characterization must be carried out when
studying and designing engineering structures, in order to avoid
structural failure.Since most of the failure in the soil, if not almost
all of them, are classified as shear failure, the concept strength
shear of soil is one of the most important factors in geotechnical
engineering and included in the study and design of all engineering
structurals. In road constructions, in addition to evaluating the
shear strength of the foundation layer, it is necessary to determine
the thickness of the pavement layers associated with the CBR
values. If the CBR value is small, the thickness of the pavement
layers is large, and vice versa. This study investigates the effect of
the ratio of fine materials on shear strength factors of soil on and
CBR values. Where coarse soil (torrent gravel) was brought and
mixed with fine soil in percentages (10,20,30,40,50%), and the
effect of these added percentages on each of the values of CBR
and shear factors of soil C and @ was studied. The results of the
tests showed that with an increase in the ratio of fine materials,
both the values of CBR and the values of the soil internal friction
angle @ decrease, while the values of cohesion C increase.

Keywords: torrent gravel- fine material ratio - CBR - shear factors.
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-

. Aauuldl
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sl oy dam o Gphll A e li) 8 YY) delall Caall Ciliih apeal ey

A Jal e L 5fie 5338 (e ile s Aplall 5l (38 Caa)ll ilida
[6] JSE aslias (yfins i pebans (s ) ALY Ay sall S pally Jlaand)

Ak — L) Gt b Ak ooy Gkl e e e caa)l) i Calls
Gkl o3 auash iy bl 35 Lo Ab ff dadadd) dadll - el
O s+ )l i e ala g o0 caali A Gl Rida e D
b lehaslie e ALK sali) dal e crulie JSG) agiaye Aikll o2 ()5S
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lede S (A Gl Alka daslie auili (gl e A L [6] ASjaial

eyl il (Ll (Sl

25 Ally bl 5 aludl ¢ dall ¢ panad)l Jie dlge sac Afal) Adudal) (ggias

Adlally SN S o At A8l o yfiagy ¢ Gl oLl maal e
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¢ el il Jal e el 3 Lalaaiad SV dagliall 850 CBR e
ik cul€ D ¢ [3-4] Caayll Gk dge daglie Chnasil lealadiul (Says
Jasd o 80l (5S35 85 Lghaslia o) ixy 138 ddle CBR da il (il
Cua)ll Glids ASlan S Jiladly Lgde daudadl) 40 5all EVseall (233l

7] e (Salls L 350

elal adiay 5 ¢ dnal dnk deglie o S S8 Caoal) il o)d adiag 13)
¢ il Al gg e IS s ait AN a0 Jead 5y e dpal) dadl)
J:\ﬂ\ uaibad Aac ) Agall 2sag « 3\_3)4!\ 3.1}35 ¢ ucvj‘ 2;).3 ¢ 4_1‘9}:‘)1\

e anall

IS ASulaie e e sl ASuldie dlse alatiud AN Caa)ll cilida (L) die
Wle il o Gua L decll) Gilgaall dgagd b dlgall 28 Jaand 5y Laily JalS
Py paliill Ao 65 b Myl (ssimall il Laig Lo gadl

Bao Thach Nguyen , Abbas Mohajerani (2015) [2] olald) 8 —
AGESy A5sall) Ay Aashll (seine Lot dusll Aalndl) pailadll LB Ay
Al pen & Cus ¢ ol deels il ol e CBR ad e dualacY) dala)
O g5 IS dal e Alliads (pplle B Adine (3lalia (e Aac Wl ) e gl
g Lay) dygh) leie ddlise lshy el dal e CBR (et ela) & il
WU 5 ¢ Pl &gl du8 5« MC dysh)ll ggine s CBR (u 48l |ohagiy

Vs ydall 4l MDD dalae ) dalall

Log(CBR) = 4.767+0.843(MC)+0.020(Pl)-1.522(MDD)
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Mr Harish S.N « and Mr Yashas S.R (2016) [7] ofalll (pe IS Jae —
oaibad o Lyl Jaasd dans Lil 4ulyy e Prof Muralidhara H.R «
oo S e Il calini CBR o of chlasy) cujelal 5 el ik 45
o () dals ¢ dgda)l A8ES) ¢ Aalad) ABESY ¢ Alaal A el ()55)
Salbs ¢ aseally Jlal) Jead e 508 A 5l cliyia o 2GS 5l
CBR aaji s A« ST Gl Ak 45 daslie el CBR dad iy LS
e @ Al sy Ayl « OMC G dshll (ssine ) (o IS (il
Jalse Leia Al Galsa 5 CBR gy Jalii)) culidle (jgialill a8 5. ((LL gl

P 5 C Ll il

C ellall CBR = 5.459 C 41

@ Aalll a0 CBR = -0.3438 (@ )13.73

4Ble alay Aderinola , Olumuyiwa Samson et al (2017) [1] Js\s -
32 Al 5 G ¢ plumal) Al Gals (K, gl pailad, CBR o8 o
by B sl aaaiall el e jlaaiV) Jalady gadll addl jlaadV) Jalas

Ayloar)l ) L ailady CBR e
alsa (e 3355 (CH) Lpall) Jadl Ll (e cliped hlaal) il pen &
Gsine ¢ CBR a8 il e 5 . Lpal daill 5] dipse G ddlid
gl n ¢ Agalll 3a ¢ GELY) ax ¢ Anadacd) ALl AHESY M) Akl

L Lgalll Jys
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D sl Gyl 5 el JJadll jlaady) Jilas Ayl aladtialy gl Jdat
L)) daadl o gl add) jlasi¥l Jidas Ayl iy 5 ¢ dgaall daeiall Jadl)
Ghall e sVl Jiat diph Lan ¢ (R? = 0.933) LtV Jelee L
- (R*=0.959) LliV! Jeleal ded el Ll Juadl o i ag0al) aaxiall
dgaall aaiall il e jlaad¥) Jias ddgh aladind of duhall copell LS
Jsanll & 5 ¢ gl add) syl Jidas Ayl e Juadl Tyl clidle  Jass
CBRy ¢ b ile Ll apaall sawiall JLadll ye stV Jdad Ak g
Eua Ladle V) 7 35all lasicly (OMC ¢ MDD ¢ Pl ¢ LL ¢ PL ¢ SL) 4
P B R?=0.959
CBRy=102.311-1.451SL+2.181PL+0.916LL-0.064MDD-
4.0690MC + 0.128SL* - 0.038PL* - 0.015LL* + 0.011PI
+1.722#10-5*MDD?*+().0470MC?
Glue e dday 4y Al ae Zia ur Rehman (2017) [8] cald) 26 -
s Jal e sl (8 Alide 3halie (e dilide ASiSign palilad @3 G
43 ddliae aplie e due 84 20 &5 Cua 45l (ailas e CBR a8 il
sl Ol e die 41 5 dee bl Gl (e due
sl CBR o o A L) Cujill 3 gaseall LisllS Jant dpns c)lial) il iy
zsh5 CBR o cuilss duaal) opll dualy Wl ¢ (3.8-15%) Jaddl o
CBR ad (& declll alsall G cutly W il Langly ¢ (7-35%) Jlaall (o
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4., Faisal Igbal , Aneel Kumar , Ali Murtaza (2018) [5] N
L)) alidle ki dal e (LSl — sl 3) gpsdals A5 e A
Ol A Audpal) Caadi 5 LAl 03] AKSigiall (ailasll 5 CBR a0
Ssall Aygiall Aol 5 ¢ Aipalll 3a ¢ Al Qs o S 5 550kall CBRg o8
. (F%) 200 23; Jaiall G 3Ll dac il
CBRs = 11.2525(LL)-26.4144(P1)-0.3024(F%)+153.7175
¢ A5salll an (Wgadl Ji3 (e IS 5 Bypeiall e CBRy ad oy ayji ile i
. MDD diakacy) dalal) 45l
CBRy = 17.3174(LL)-42.5467(P1)-102.9336(MDD)+455.5159

¢)yak L Danistan and Vivulanandan(2009),(2010) [3] [4] bl -
o oalll daslie ae byseradl ye CBRy af Ly dal (e 4
t CH sl il dgll 40 A8a)) Los ¢ SU 4yl

Su = - 0.426 (CBR) 2 +2.212 (CBR)
: CL « SC gyl cld cupill adull adlall

CBR = 0.56 Su 1.07

Gaagl) oy -2
dalse Ao Bl 8 decld) dsall daw il sae Ay ) Gl 1 angy
- CBR L5l Jaaidawi af (e 5@ 5 C (il dajlia
Cayll Gk g alge -3
(Aeclidy 5 AR 45 ) @il e (e Hlaa) &
Ope Alhial Al alie (e Wjlaa) o daw s 4358 e Ble dadall 5l — ]
pra Ghed)l aadid ¢ dgrpl Glsas Ay ¢ Bl Bl iy (B )Lzl
7] (B L) ans Ly a5 il il 23} (gl Gopkal)
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(e \AJLA;J ?3 &5.1)4 ‘dj:u.u aa Gl Z\_DLAQ :.LD'S ) a)hc dac Wl :\_Uﬂ\ — 2
(1.5-2M) Gae e cialy slas — ol dalin 3 &Sl 2 L) £
AilSin ke bl ehal il sl Ay Lol Gl yat

T aall coill Ay Aol (alsl) (1) Jyonl

Agplaaall Al | Jendl Ly L5 Gala
1.65 1.95 (grjom?) | MDD Lpalac YY) alal) 486
23.25 10.77 % OMC bl dislayl) (s5ine
1.23 75.88 % CBR LisillS Jas duwes
89.05 0 % il iy
58.1 27.4 o WL agd) aa
39.14 21.3 o PL ialll as
18.96 6.1 % Ip 4 gall) 4y 8
3.3 39.8 % ol Al
1.3 48.72 % G Landl dus
15.3 47.24 % S Jayll dps
83.4 4.04 % F iUl lgall douss
0.58 0.1 kg/cm? C clulall
12.8 39.2 0 @ Llalal) Gy Ay
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- (2) Jsaadl Al uedd) Gliall e Jpuaal) 28
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acly %20+ ans 2 il
acly %30+ ans 3 dial)
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3538 Apad ehaly (425p) il 53 40 &) Jasadl e A @lial) Jus
& 5. ASTM-D 4318-98 Uil 385 Jaiall 138 (e s)lal) Ayl e ¢ 55
S (2) ¢ (1) I Al 5 ¢ (3) Jsaadl Al Eb e Jseanl

dee W) ol pul) ol T 050 350n 5 (3) Jsand

F% daclill ol gall 4 i
gonl agas
50 40 30 20 10
46.9 43.8 41.2 38.5 35.95 LL%
36.48 33.8 31.61 29.4 27.2 PL%
10.42 10 9.59 9.1 8.75 IP%
70
60
50
2
g 40 /
%D 30 ././o/'/. ——LL(%)
Q —o—Wp
D 20
b,
10
0
0 10 20 30 40 50 60
F(%)

ALl Aac W) 2gal) Aol Tai R gall) Algnd) (gan i (1) JS)
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20
e
0
0 20 40 60
F(%)

Aac Ul gall Apd Lag Aigalll Ay i s (2) JS)

s ihie 1 daclill alsall A 223l dagalll agas b)) Al e el
n oo Al o2 3aly) pe Ml ¢ Adliye Lgigal Ailiaal) dac Ul dlgal) oY
c Aagalll Ay B A 5l A g

CBR o daclill ajgal) Ay il du)a —2-3

¢ (el pany ) ALaY) A5l e CBR LisillS Jaad s At s & —
el dsall Aty lgin Led cails )y ASED) dedl) Gliall e Sl

Lpd) @l e Jpasl S5 ASTM-D 1883-94 .zl (38, ailiadl

(4) dsal
daclll Dgall Al lep CBR i (4) Jsaal
A il Jus (o
50 40 30 20 10 0 F%

8.5 | 11.8 | 17.5 | 26.8 | 43.5| 67.1 |CBR
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A8lal) Facll) sall G 524 ga CBR ad i (3) JSa sy

100
90
80
70
60
50
40
30
20
10

CBR(%)

0 10 20 30 40 50 60 70

F(%)
dac Ll 2sall dpt) s CBR i (3) Jsall

O i 45l ddliadl) dee W) Mgl 3 3055 ae CBR ad (jailis il oyl
oY) daglia e JlE AEA)) agall A (aladnly dec bl algell duus 33l
. CBR dad alial il
F aeclll alsall dus ge Gugyaall L5l CBR 2 g L) e el Sy
P A AL 4

CBR = 64.771 * e~ 0042F

0all) Jalgs o das il dgal) dpud il Aaha —3-3

dpaielal &0 C @ Al padll Jelse e declil) gl G 80 ddjadd
s A dusedll ligall Gl g ¢ (Jandl Gany ) AbaY) Ayl il
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DAL ) Slea iy @lliy ¢ Adliaall dac bl Msall day lein Lad s

0.5mm/min (a8 dc juny yas) ok
el algall dps udl b (C, @) el Jalse i cun (5) Jsaal
- o3gd Jiiai (5) 5 (4) JIaY)s cdiliaal

dee Wl Dsall dps il e (C, @) Gl dalse 3 (5) Jsanl

F% daclill algall 4
duddl sy | padl) Jalse
50 40 30 20 10
046 | 042 | 037 | 029 | 0.6 0 C(kg/cm?)
21.59 | 25.64 | 29.96 | 34.17 | 38.04 | 4126 PO
1
=
O
S~
o
=
O
0
0 10 20 30 40 50 60
F(%)

Aaliaal Lae il algal) dptl Lah clulall 28 (4) JSal
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70

60

50

40

(DO

30
20

10

0O 10 20 30 40 50 60 70 80 90 100

F(%)
Al dac i) Sgal Fuil Tai 20N GSEAY) dygly o s (5) JSal

pmys ¢ Aliaal) dac W) dgal) das 2Ll ae A5l 8 clulall sl bl oyekid
¢ lulal) ad 223 g Balies adipe dluld Lgd Apliadd) dac il Ssall (Y ell
Asall A G 5 Ayl Bl C clulall dad o LSV e i)
sAall) AL F dec il

C=0.1871 In(F)-0.2701
dac i) pall A 20l pe Ayl Jalal) Al dygly Gl il cjelsl LS
Al 8 Aial) algall A Gladil Gllh dgayg ¢ Adliaal)
dghy bty A gag AAN gall das Glally daclill algall 4 32k )
Gl Aia) dnllal e JE dac bl algall (Y iy ¢ Ll Gla G SKaY)

.~’.:..“ EL\L.IAJ\ ] S] ~~']..~~'..~.~.~’.:..“
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A G 5 Ayl Gpll @ A0 @Y Aygly o BalayY) e el S
sl Aall F e Wl o) gl

@ = -0.3993F+41.76
Glalitiuy) —4
daglie dalse o A5l L dac bl Mgl dps B0 o A Cad) 13 4 S
Aall il Eus ¢ CBR L)€ Jasd 4t pd e 5 @ 5 C 450l (il
Canail) (385 Lgule Gac s Slge A} o 5 (s pan) A03R 58 00 Ble Ll
Al il Jeagill &35 . (10,20,30,40,50%)
e JS e lagg Al Aaeal slay Al 8 deeld) sl das abail -1
asalll A g Asgalll an 5 A guud)
.CBR L5l Jen Gt o Ladlins L5l 3 dac ) afgall daass sl =2
Al 6 clulall a8 2 Al 8 dee Ul Mgl Ao abajl -3

gl R0 S Ay o i Al b dae ) Slgall dus sbajl —4

Gl i8ally Gluagill -5

th b (past Gl e ha) aay

A Aaglie o Al dee W) lsall g5 5l Cand Al ela) —1
cCia)l) Glids alllew e daclil) algall Ao il duln -2

.CBR .3 e dgieny) o 4l cililaay) il duly -3
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Sl dale Il Silad yoll 09 ddliade pails )i £ gaus sic
Ac Lall ylayall

asd bl Y Lo s ldad) cladal) il
Caa) daala—Aiaal) Luaigl) Ads—4oind) Luaigh) and
aslud) aldya Lo, lipdial) ) gisal)

Call adla
Coa slall Ay i) Cpacay sag (A8l lBlSl) sbal dpaal JSY1 jaiedl s oLl
ey il Malla bl ()5S (Sls eSS 13 o 3lall Jaatind slual) slaaily
Asall G pslal ALaYL caadall (ol B8l e WA G o)y alaal)
sl e il s a8l dyseae M) skl Gialpedd Al suanll
dallae 8 aclall loall culd Aleyl) culaipal) 36 U€ (a0 Adjaa ) Canl) Cargy
G B)lSall 4als (o (grdud) Plgindl dallia leeay suailly oaledl g ol
gl Glepud laall e 2 shaly LA apiall) Gl i dadial
G labaiall oy Ayyad IS amy olud) BlSe by ((3-4-5-6)m/h ddkiss
il Lol sedipally dalledly (M3) 8yl oluall anay (NTU) 3)8all G Loy
i) e (e Ae e JST 2e Lall Ll 1
Jla & Al J<Eaclall Glpal) 53 ot Lol el of bl (e cpais
ceiill Gleyu s b Addeld Jiy ((4m/hge J8Y1) diaitid) il cile ju
Am/he JeYI

il B lsl) dsalell Laliiall clalS) jany
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A study of the efficiency of water
treatment with aluminum sulfate at
different filtration speeds in upflow sand
filters

Abstract
Water is the most important element for the life of all organisms ,
and it ensures the continuity of life where there is no water it is
impossible for life on this planet , for the water to be fit for drinking
and preparing food ,it must be empty of turbidity , colorless,
tasteless , in addition to be free of disease causing organic
.Substances and inorganic pollutants which may cause health effects
This study aims to find out the efficiency of upflow sand filters in
treating water of Orontes River in Al-Qusayr and making it suitable
for human consumption in terms of turbidity , where a coagulant
was used Aluminum Sulphate "alum" and conducting a number of
experiments for different filtration speeds(3-4-5-6)m/h , and
measuring turbidity after each experiment , and drowing the
diagrams that link the turbidity (NTU) and the amount of water
(m®) passing by and treating with the upflow sand filter under study
for each filtration speed.
It was found that the upflow sand filter is effective in the case of
low speed (less than 4m/h) and less effective in case of higher
speed than 4m/h.

Key Words:
Back wash, Bio Flow, Contact clarifie, Dosing pump, Expansion,
pilote, Rapid Sand Filtration, Turbidity, Upflow.
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:(introduction)d.sis-—1
saga el A0V dallaall 8 axdiis Aidl mudsil) dgs of [1] Wegelin <3
e 1889 ale il LT ool Loyl il eldf Gaeatily dualad) oLl
Ayl Hlaall e (BI85 wajill Ga (A2 5 Anytiall Hlaadl e (1)18J
O Jaslly ecliledl) A0 1l 138 ([2] Al 3 WL aaa Y anal)
(lhganll el b of ) ashyds mhadl decy Sl ol Gk oo Day
sl 353l lawa & Storm sy die 1891 ale aeba lja 13 8 4 WS
aall 4 pdall sl e G2 @lida e e Ble Ol (3] 3add)
( L Bpulall jlaally aailly Giall dajlly Jaa¥) anll (e Gk de i

il il Pla @) oladl (uSay il Jud)
Contact )il cligpe selall glpall 13l Ayl daud)l céje
Minz Jié e Wpghiy aclall Glyall @ld 5Bl sl & Gus o(clarifier
olial Ji [4,5,6,7] 150mg/l s 3)Se dlic Al slull dgnl Caeadinlg
oy il DA elad) Slial e el Gallly caelall Gyl 13 Lol il
& Aallad)l sa5 e Rublevsky duly mils cuiys o Jlef @iy oSly ol
hr O oSa selall ploal) 13 el Aaulsy sbal) ddais a5 o Suse
I oY) e Lalell mad il ills gl AL oLl 5l dygludia S
Ol ool Gligye am Jaall "laaly Lenchevhsky i LS ([4,8] (Jawy!
Clise Gida o 4wl 58l o e el e Ty iy V) as)
el g pa aladinls DS A1 Aallaall Gais of (e [9] ) dalladl
O e sl Gleyas b)) Alew Gaa z Y dala dgay aaed dalledll B
Jame iy Ll Ji el Lulall cligye of angs o(15-30)% jlaiay (i
doll of Minz oy clpulial) aailly madill Clasg ae 23le 3ally 32l
Dl ae 0.5MM Ge sraals 2Mm (e ST cliia e gging YT any padidl)
Sil(14-16) el pumgny (78 do)ll dida aslady (0.9-1.1)mm o
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I bl Js e el Yy el DA S e 08 il amall il
G aglie Jeally Cafofoslle(2-2.5) aelall Gaull Jaee Jolaty YT can
WY Gl s clan Bk 4 Minz LaYs « Lenchevsky i)y Cias
A R Gl iy Ciil) o ST Y £ LA e il sl
0sSs o) A0lS4) [4] Ives 5 Diaper zils axius Vs [5,7,10] (20-25)% lsiay
clipdatll e apaell Ldla selall (lall 13 madiil
acldl) ) eV e caip ald clidall D6 syl cblis) cypal s
il (1-1.2)mm e () 13
Jay (0.85-1)mm (ye i) 14+
e (0.7-0.85)mm e &) 13=
U8 Jgindl adill Loy Cuidil Jagiama slsh alasind (g5l o 4 (i
13 diyall ae Catsfied & 4 jadll Aallaall saag chlad) Cuing Juunll ol
Bley lia e G s N g m D 16 Ak (gging W selal) plysall
590% Ay SS Aleall algal) Al Aiia milivay acdag s WL anay Lkl
[11] 66% 4.5 BOD
:(Aim of the research) &) caw-2
lebeny oualell g olie Aallan 8 aelall GLyadl 53 ol eyl 56 S Gy
(Bd) assial¥) CliS Jia aladinly (gl $Dlgidl dalla
:(Research material and methods) &aul) 3 hy ase—3
:(Parts of the pilot treatment plant) 4 2l dalleall ddasa ¢ )ai1-3
22l e aY) e A yaill Aalleal) ddase calli
coluall diimg o
ASLa Sl gl pyyat Aduna o
Al dad oA
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ipa)l Aeagidl Ao W) dadoa —ligde sy ol miall
il 23 e gty aelall Glpall 13 Lol sl

daniia [13] 20 oM ALy Jsas 505 Jay oo (V) Adall sensi il iyde —2
2.36-Jladl e 2.36MM e 5Sl) jhai il ASLadl gluiie Yl 2D
Grae doy e e CulS il e A0 Akl Wl ((2MM (e aal (2mm
0.7-1.6mm jUaslyy 80CM iSlewsy acls

caalgll Bl 10001 anay dalleal) olyal) pyan Al

e lall Glyall 13 sl Loyl el Jueal olsel) el @

.32mm ki PNIQ Lais laeliay PPR (e Juas caplil

el elsell Joan 8 S5 olaal) J5a U8 s JSY) igsm) pie alana @
diall Ll

iy sl Gulsly Sl Ghsl Jsia i sball ddiian (8 pasi slian ©
ol ol mdoall

il 8l Gl jiegile (alie ©
Al dasdll el g (1-1)Js

i

5 ot /
Sty - ;

el Aasdl e 1Y 5y (1-1)J
:(The method of work) Jaall 43,123
cos ) o slsiSill Jakadal) (385 48K Adaaall 33ea] a0

M1 S A s b g caslaadl sl Ao g (385 oluall ASiia Bylaa ¢
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g ddiae byleay gl mud il degu 38y AN il deja s e
gl dejall 8y sl sale

dase ol Js2a 38 (o palall Hed olie cons oy Cus eyl il
@ Amay o el il Jslaa g oads bl ddias dauly uailly il
Sl LAl yie obial e & il ddcae dadlsy Rl da oA
ACad) DU s caeliall lpall 13 sl Loyl el Jax 5 ysal)
el G ) & sl ik & pal) il Basaal)

selall lpall 13 Laaall Lol el (M7) dalled) oluadl ans 3ol o5
o380 e Ale 35 (30-60)MIN (e ey A Glldg capenill ha 8 daanally
(NTU) LghlSe (bl oludll

L(30-60)minJS iyl S e

anpatl) Aaaall Aalleall Jabye o priag (2-1) I,

Al Aaaally sl Aadles dalie saal (o215 i 1(2-1) J<
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:(Reagents)cylaill & dasiical) 4ubasst) 3fgali3-3

Capad o Rl 8 Alaaisall sall Gadf (e s 1(AlUM) Laall Slal) i)
594 il \giiss [A(SO,)3.14H20] Lixna Al asial) il anly
o iled 23% s AU asialV) Gl e 33% e gsias gr/mol
se 60gr/l sl & 4D Density=850Kg/m’ _asall g3lls dlaie
20°C 3ylyall da 0

:(Test&Reads)clulidlly c,Laiyi4-3

Gond shal &t iRl e Al dejall aasdl (jar test)igyaall i1
dgnl) daae yia 8 (Jar test) Jlea o asial) @l s Al dejall
(3-1) IS b gpaally ¢ pailly

Jjar test jlea :(3—1)45:3\
gl Ll cDla ) 3 (1-2-3-4-5-6)mg/L 2.8l (e dilise g 5a puiag o
ipalall bl 5ylSe Y Mas Bysa AusSue Can <A sl o(4-1)JSal
S (3-4)mg/L sl b Jady) Gl cul€y 1 T.ONTU Jisa diaiiie

.(3-5mg/L) cuilSy ST 48y laapas
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O Adlide Gilea (ggiat Al Jar test dgjan 8 deasiad) pEkd) ((4-1)Jsa
casialY) by

S el Gl sieals 58l uls :(Turbidity) oluall 5)lSe (uld dyya5-2

Sgigy S Heal dla sl g pSall bl Al lehe G adia

(5-1)JRa) 3 maasalls «(Spectrophotometr)

Bl Wl Slea 3(5-1)
gidbliag Cad) gilii—4
:(3m/h) il 3,521 -4
b Aaluse of "Wle (Bm/hr) e madll e i 2 Gy el Aasall b

1#0.33 = 0.33m’ ol
Q = A*V = 0.33*3 = 990I/hr ) leind ADle (e

a3 L&l Jslaa axa Qlual-1-4
sylall slsall (e "aals "l mllas 40 3.5mMg IS 4l o 3.5mg/l Al Ao -
Hle sl 9901/hr mllaz 405 X mg <
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Polaiay LAY ddasa 8 3aals Aol DA 4l oDlgiud &y gl
X =13.5%990 = 3465mg
slall (o il (8 4l (40 2001 Jao 4l Jslae juans
L5 20mg e iy 4l Jslae Iml S ol
iely/ias 3465mg e ssisyii Jolsae Zml (K

fop Aapaill Adasall gyl Adima 3y of

Z =3465*1/20 = 173.25ml/hr = 0.173I/hr
(0-1731/hr) sylaie 80all (e Jslas ) 7 lbias deles JS
:(3m/h) madall dsju die 4l gili2-1-4
F(1-1)dsaally bl cuadaig ¢17/7/2022 by Js¥) Ayl el

(3M/N) il 3550 Aoy vie dgpail il (1-1)Jsaal)

oLl 3)Se 5lse
c\:m.“ A . . pa )
Os Asall) oLl &)
”t:\AS!):\ :’\Ajl:_.d\ c\zmj\ C_J)m\
X dallad sl Asal)
(m-) (L)
(NTU) (NTU)
1.01 4.7 1010 1
2.02 4.8 1010 2
3.03 4 1010 10.5 17/7/2022 3
4.05 2.5 1020 4
23.22 1.8 19170 5
24.20 1.1 980 1
25.15 1.4 950 2
26.06 1.2 910 10.1 3
18/7/2022
26.97 2.2 910 4
27.88 1.9 910 5
67.36 2.05 39480 6

71



il Al ) il pall A AdlA rad 5 £ ju IS 2 grial¥) Gl 1S olsal) Apllaa BolS A 3o
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68.27 2.2 910 1
69.12 1.2 850 2
69.95 1.7 830 10.5 3
20/7/2022
70.77 1.4 820 4
71.59 1.7 820 5
85.37 1.75 13780 6
86.13 1.8 760 1
86.83 0.8 700 2
87.56 0.9 730 3
88.31 0.8 750 10.3 21/7/2022 4
89.05 1.1 740 5
89.80 1.2 750 6
103.65 1.25 13850 7
104.39 1.3 740 1
105.10 1.6 715 2
105.75 1.5 650 3
10.8 22/7/2022
106.36 1.8 610 4
106.99 2.8 630 5
120.27 2.9 13280 6
120.88 3 610 1
11.4 23/7/2022
121.47 2.8 590 2
122.22 1.36 750 1
122.91 1 690 2
123.59 0.9 680 3
10.3 24/7/2022
124.30 1.2 710 4
125.02 1 720 5
137.44 1.1 12420 6
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138.13 1.2 690 1
138.81 0.9 680 2
139.51 1.2 700 3
140.20 1.1 690 10.5 | 25/7/2022| 4
140.88 0.8 680 5
141.58 0.9 700 6
154.62 1.25 | 13040 7
155.41 1.6 790 1
156.17 1.2 760 2
156.95 1.2 780 3
157.67 1.1 720 10 | 26/7/2022 | 4
158.39 1.2 720 5
159.13 2.1 740 6
173.45 3.4 14320 7
174.29 4.7 840 1
175.11 4.5 820 2
175.93 2.9 820 3
176.69 2.9 760 | 10.5 | 27/7/2022| 4
177.47 2.3 780 5
178.25 3.1 780 6
193.04 2.35 14790 7
193.79 1.6 750 1
194.50 1.6 710 2
195.21 1.6 710 3
11.1 | 28/7/2022
195.94 1.9 730 4
196.66 1.9 720 5
245.41 1.9 | 48750 6
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246.15 1.9 740 1
246.88 1.7 730 2
247.59 1.9 710 3
10.5 | 31/7/2022
248.31 1.6 720 4
249.03 1.8 720 5
262.44 1.75 13410 6
263.15 1.7 710 1
263.84 1.5 690 2
264.54 1.5 700 3
10.8 | 1/8/2022
265.24 1.4 700 4
265.94 1.3 700 5
279.32 1.45 13380 6
280.02 1.6 700 1
280.70 1.5 680 2
281.39 1.6 690 3
10.5 2/8/2022
282.08 1.6 690 4
282.77 1.4 690 5
296.07 1.55 13300 6
296.77 1.7 700 1
297.45 1.5 680 2
298.13 1.7 680 3
10.6 3/8/2022
298.80 1.7 670 4
299.48 1.9 680 5
312.61 2.1 13130 6
313.30 2.3 690 1
313.98 2.1 680 10.5 | 4/8/2022 | 2
314.65 1.9 670 3
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315.33 2.2 680 4
316.01 2 680 5
361.75 2.4 | 45740 6
362.44 2.8 690 1
363.11 2.7 670 2
363.78 2.5 670 3
9.2 | 7/8/2022
364.44 2.5 660 4
365.11 2.7 670 5
378.03 3.25 | 12920 6
378.72 3.8 690 1
379.39 3.5 670 2
380.07 2.4 680 3
9.5 8/8/2022
380.73 2.6 660 4
381.40 2.7 670 5
394.26 2.55 | 12860 6
394.94 2.4 680 1
395.61 3.5 670 2
396.27 4.7 660 3
9.8 9/8/2022
396.94 4.6 670 4
397.61 3.9 670 5
410.52 3.15 12910 6
411.20 2.4 680 1
411.87 3.5 670 2
412.53 4.7 660 3
9.7 | 10/8/2022
413.20 4.6 670 4
413.87 3.9 670 5
426.40 3.75 | 12530 6
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lall Gl
427.07 3.6 670 1
427.72 4.5 650 2
428.39 3.5 670 3
10.5 11/8/2022
429.03 3.2 640 4
429.67 3.6 640 5
461.94 5.15 32270 6
462.80 6.7 860 9.8 13/8/2022 1

alleddl e Al oldl) 5)8e s (M) Aallaal) olual) pan G 4Dl Jiias 5 5
(6-1)J8a e mamse 5o LS laly (NTU)

(9.9NTU)Azalid) Ao gl) 5 sl 5 (3m/h) 48 uud)
6 -

4 -

O T T T T T 1
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N

(M13) Aadeal) olsal) ana

sie (NTU)olsall 5,0Se 5 (M7)dallaad) olal) anan o el Jalasiall 2(6-1) ISl
(3m/h) sl e
(NTU) sl (m3) Aalleall obiall ana ca Jay g (g3 Slad) Jaadall 455208

Lhad e daaaly Ul leds) Gy colial sae ) dadled) oo Al olull
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< Al ) il jall A AlliSa s 5 £ p die a gaiall) Gl S oluall dallea BolS Al 3
elall Gl sl
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(NTU) el oo
=Y

0.5
O T T 1
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(M3) Aadlaal) obiall ana
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85 Bilsally aeliall Gloall 13 il ol mdjally dallaad) slbiall aaa IS
(447m%) S (3m/h) mas sl

rpdipall Jp3-1-4

sl g & 2min sad 3.31/sec sady eV ) elsell Al Gaa)
slaall o 5 (10 Min saaly SM/Nm? 508y o Lally elsell 5030 ity o5l
D Jpesid) e il Ll maay s SMO/am? 52l ity

Jeesd) dilee Jalpe PA mipall Hsua 1(7-1) I
:(4m/h)zad i 3,52 2-4
.0.2221/hr = (4m/h zai il de pu die)damjail) Aaaall ayaill Adima 3505
: IS (2-1) Jsandl 8 (AM/h)madi il ey 550 e Ayl geilis Caaliis
(4M/h) e il de pus 390 die dppatl) il 1(2-1)Jsaad)

Aalladll b\:ud\ A "L'Z)IS:J\ al,pd\ axa 2'3)\5:1\
5 o) Al o)
(M%) "bsls | (NTUsSW | (L) | (NTU)aslal
0.68 3 680 1
1.36 2.3 680 2
2.04 1.6 680 3
11.5 11/5/2022
2.72 1.6 680 4
3.40 1.7 680 5
4.08 2 680 6
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4.76 1.7 680 7
5.43 2.3 670 8
6.12 2.1 685 9
6.76 2.2 640 10
30.09 1.55 23330 11
30.70 0.9 610 1
31.36 1.2 660 2
32.00 0.9 640 3
32.62 1.2 620 4
33.23 1.1 610 5
33.81 1 580 12.7 12/5/202 6
34.39 1.3 580 7
35.00 1.5 610 8
35.60 1.4 600 9
36.20 1.6 600 10
87.60 1.95 51400 11
88.20 2.3 600 1
88.81 3.3 610 2
89.41 4 600 16 14/5/2022 3
90.03 3.5 620 4
90.64 2.4 610 5
114.93 2.05 24290 6
115.51 1.7 580 1
116.09 2.4 580 2
116.63 1.8 540 13 15/5/202 3
117.15 1.9 520 4
117.77 1.7 620 5
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ol ald 0 0 AR 1Y 2 2023 e 4 amll 45 daal) Gad) dealy As
118.39 1.9 615 6
118.99 2.1 600 7
119.60 2.2 610 8
144.39 2 24790 9
144.97 1.8 580 1
145.54 1.5 570 2
146.11 1.3 570 3
146.68 1.3 570 4
147.25 1.7 570 5
147.82 1.9 570 6
11.5 16/5/2022

148.39 2.1 570 7
148.96 2.2 570 8
149.53 2.2 570 9
150.10 2.2 570 10
150.65 2.9 550 11
171.74 3.6 21090 12
172.30 4.3 560

172.84 4.84 540 2
173.41 4.6 565

177.91 3.05 4500

178.14 1.5 230 13 17/5/2022 4
178.57 4.05 425 5
178.94 3.86 370 6
179.28 3.04 340 7
188.27 2.915 8990 8
188.69 2.79 420 1

11.2 18/5/2022

189.20 2.58 514 2
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189.57 1.92 370 3
189.98 3.05 410 4
210.21 3.075 20230 5

210.73 3.1 520 1

211.25 3.1 520 2
211.79 4.3 540 3
212.32 3.8 530 4
212.83 4.7 510 5
213.32 4 490 12.5 19/5/2022 6
213.83 4.5 510 7
214.63 4.9 800 8
215.34 4.2 710 9
215.87 4.9 530 10
227.55 3.375 11680 11
227.77 1.85 220 1

228.19 1.8 420 14.2 20/5/202 2
235.53 1.67 7340 3
235.82 1.54 290 1

236.20 2.3 380 2
237.16 2.7 960 3

12.8 21/5/2022
238.08 2.9 920 4
239.02 2.5 940 5
259.95 2.35 20930 6
261.02 2.2 1070 1
262.09 1.9 1070 2
11.7 22/5/2022

263.12 1.8 1030 3
264.17 2.1 1050 4
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265.22 1.9 1050 5
266.26 1.8 1040 6
267.27 1.6 1010 7
268.28 1.6 1010 8
269.28 1.5 1000 9
270.28 1.4 1000 10
282.99 1.4 12710 11
284.01 1.4 1020 1
285.03 1.3 1020 2
286.05 1.2 1020 3
287.05 1.4 1000 4
288.05 1.5 1000 5
289.01 1.8 960 15 23/5/202 6
289.99 2.1 930 7
290.91 2 920 8
291.75 1.9 840 9
292.50 2.2 750 10
302.92 2 10420 11
303.93 1.8 1010 1
304.98 1.2 1050 2
306.01 1.5 1030 3
306.94 1.4 930 4
307.34 1.8 400 13.7 24/5/2022 | 5
308.35 2.4 1010 6
309.35 1.8 1000 7
310.37 1.9 1020 8
311.38 1.7 1010 9
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312.38 1.65 1000 10
325.11 1.875 12730 11
326.12 2.1 1010 1
327.13 1.6 1010 2
328.15 1.48 1020 13 25/5/2022 3
329.14 1.6 990 4
348.75 2.1 19610 5
349.78 2.6 1030 1
350.79 2.4 1010 2
351.81 2.5 1020 3
352.83 2.4 1020 4
12.1 26/5/2022
353.86 2 1030 5
354.87 1.9 1010 6
355.88 1.6 1010 7
373.21 2 17330 8
374.20 2.4 990 1
375.21 2.1 1010 2
376.23 2 1020 3
12.8 27/5/2022
377.26 1.7 1030 4
378.27 1.6 1010 5
420.55 3.75 42.280 6
421.54 5.9 990 12.2 29/5/2022 1

o Aailil olaall (NTU) 5lSally (MP)dalladd) oludl) paa (o 4Dl Jidi &
p ) (8-1)JSE (el Jaladall e Jumnll 28 ("Ll Aalladll
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(NTUYs,lSally (MP)dalladd) olal) anan o oy 2 Slal) labadall 4533 s

Bl o daals Sl Jleds) Ly colial sae ) Aadladl e Aa3ll olyal
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N w &
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b s
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O T T
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(M-")@Lu!! olsall a2
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& 9593\(4m/h)7‘-9)~4‘

(NTU)Aaduall ce A3l slal) 3 s

295.00 320.00 345.00 370.00 395.00

(M3)aslual) sliall aaa

(4-8-1)Jsa

3ysal Gilsalls aeliall Glpall 13 ol oyl sdiyally dalledl) olall ana IS
421m° s (4m/h) massl

:(5m/h) madal 3,91 3-4

0288l/hr= (5m/h C.:uiuﬂ\ :\.::‘).u .J.u:) :\..\.\.J);ﬂ\ ihall C_Dﬂ\ YEUSYN 5l
: SIS (3-1)Jpaall 8 (SM/N)raiil Ao 353 tie il il el

(Sm/h)@u)ﬂ\ fu:)u 'SJ}.J die :\..D;d\ C.f\tt.l (3—1)d}331\

:\AJ\AAM o\;hd\ e e :%ASLJ\ olzud\ 'é)\Sﬂ: c\;\.aj\ e cl;ud\ bls::
a5
(M) "Ll (NTU) dalladl) (L) | (NTU)dulal
0.85 2.7 850 1
1.7 2.3 850 2
2.53 1.9 830 3
3.36 1.8 830 4
14.5 23/2/2022
4.16 1.8 800 5
4.96 1.6 800 6
5.79 1.6 830 7
6.63 1.7 840 8
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lall Gl
7.45 1.7 820 9
8.25 1.8 800 10
32.91 1.6 24660 11
33.48 1.4 570 1
34.09 2.6 610 2
34.89 3.2 800 3
35.64 2.4 750 4
36.39 2.6 750 5
37.1 4.1 710 6
13.8 24/2/2022
37.8 3.5 700 7
38.47 2.2 670 8
39.15 3.8 680 9
39.88 3.1 730 10
40.6 3.2 720 11
58.84 2.75 18240 12
59.08 2.3 240 1
59.32 2.2 240 2
59.56 2 240 3
59.75 1.9 185 16.8 25/2/2022 4
59.95 1.6 200 5
60.16 1.9 210 6
68.35 1.65 8190 7
68.53 1.4 180 1
68.7 2 170 2
68.87 1 170 14.3 26/2/2022 3
69.04 1.3 170 4
69.33 2.2 290 5
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69.58 2.7 250 6
69.84 2.3 260 7
70.04 2.2 200 8
70.25 1.2 210 9
70.43 1.7 180 10
70.61 2.1 180 11
75.61 2.1 5000 12
75.69 2.1 80 1
14.3 27/2/2022
76.47 12.7 780 2

Aallad) e dailll 5Sally (M7)dadleddl oldl ans Gu WD) Jiia &
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(5SM/h)zsisll 5520 Balsally Auhall a8 Lol mdjally dadleall sliall aaa OIS
(76m%) Jisa
:(6mM/h) gl 3,53 4-4
.0.3461/hr = (6M/h i3l de pu vie) A yaill Unadll ayaill 2aac 3y
: SIS (4-1) sl & (6M/h)oadi il e 850 e Ayl peilis Caalis
(6M/h) i il de s 590 2ie dppatil) il 1(4-1)dsand)

Aallad) ol ana | Zasll) oLl 58 | pan sl 3lSe . o
(M) Lsls | (NTU) sl e | (L) obdd | (NTU) iy | &0 | 2
0.99 2.3 990 1
1.98 2.8 990 2
2.98 3.2 1000 3
3.96 2.9 980 4
4.94 2.9 980 5
5.91 3.5 970 127 | 10/42022| 6
6.86 3.2 950 7
7.81 2.7 950 8
8.71 3.3 900 9
9.60 3.2 890 10
19.41 2.3 9810 11
19.61 1.4 200 1
19.85 1.6 240 2
20.15 1.3 300 3
20.46 1.7 310 15.5 | 11/42022| 4
22.95 2.9 250 5
23.17 3.6 220 6
29.48 4.75 6310 7
30.23 5.9 750 14 12/4/2022 | 1
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30.80 4.5 570 2
31.42 4.5 620 3
31.92 4.2 500 4
32.35 3.3 430 5
32.72 4.2 370 6
33.01 3.9 290 7
33.26 3.3 250 8
33.49 2.5 230 9
33.70 3.2 210 10
33.87 3.1 170 11
34.11 2.8 240 12
34.30 2.6 190 13
34.48 2.3 180 14
38.38 2.2 3900 15
38.46 2.1 80 12 13/4/2022 1

iallad) ge Al 5yally (MY)dalleall oldl pan (p WD) Jia &
: Ja (10-1)JSalL Gl baall e Jpasl) 258 ¢lily (NTU)
(13.9NTU)Ald Aol gl) 3 Sal) (6m/h)ds susl)

5 Al sliall B \se
(NTU)Zalaal

O R N W & U

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
(M3)dadleall slall dzas

(NTU)olaall 358 5 (M) dallaal) slaall pan (e il Llasdl) 1(10-1)J<a
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sl Gilsalls aelall plyall 13 i) Lol mdially dalladll obiall aas (1S5
A(39m%) s (6mM/h)masi il
rbuagilly cla fially Gad) il -5
) milii 1-5
fehle Lo Jpand) & Al copladll il DA e Baagl
deyas (INTU) dodanssll 3)Kal) il olaall (3m/h) QLN =il 360 —1
Sloall cld eyl cladall 8 (3.59/M°) asial¥) i€ (e fida
slaal) anas Al sliall Ciliialse Aali (e Biliae il el acliall
:day (0.33m%) [ alia (447M%) il 3) U e G L Al
Sl (e AL Aejall Guityy (4M/D) Ddaugl) ol Gl Ao g 8)50 =2
allaall obad) aany 6% Ay (3M/h) depudl o B Aaly) cilac
c U Al Al olial) Chlicalga Cusiyg
Sl (e ALl Aepall Guityy (SM/N) Adanl) =l Aoy 8)50 =3
sl anay (83%) Amiyy (3M/h) Aeyudl e JE Lalyl bl
e dglie Aaalill slidd) Ciliialge iy g cdallaal)
cilae| fidal) (e Al Ao yall (uitys (6M/N) Llladl i i) A s 3y50 =4
slaall aany (91%) usiys (3M/h) desudl ae A3)laally "an AL Lal
LI Agaliie A oliall lialse sy Aalladl
Loyl cladipall b Akl Claalsall Gld sluall dallaal Bl deyudl =5
P e Agabial dladl  Jaas ellgg ((3m/h) & selall oyl el
danl) Gllase 3 Glwpally Canll JS8 Ghaay Al e o i)
gl

-
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G (eball Gl iy ulall il pe) Linsl i€ 138 2w 5y of 25 —1
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1- Wegelin M (1996) ‘Surface Water Treatment by Roughing

Filters a Design, Construction And Operation Manual’ Swiss
Federal Institute for Environmental Science and Technology
(EAWAG)

and Department Water and Sanitation in Developing Countries
(SANDEC), Switzerland

2.. Anon. The Pawtucket, R.l., Water— Works. Eng. News, 21
:493 (Jun. 1889).

3. Anon. Filter Bed at Storm Lake, la. Eng. Nezvs, 26:519
(Nov. 1891)

4. Calise, V. J. & Homer, W. A. Rus- sian Water Supply and
Treatment Practices. J. San. Eng. Div., Proc. Am. Soc. Civ.
Engrs., 86:1 (Mar. 1960).

5. Calise, V. J. & Homer, W. A. Rus- sian Water Supply and
Treatment Practices. J. San. Eng. Div., Proc. Am. Soc. Civ.
Engrs., 86:1 (Mar. 1960).

6. Anon. Testing Contact Clarihers. Zhilishchno—Kommunal.
Khoz., (Rus.), 3:31 (Sep. 1963).

7.Lenchevsky, O. Some Recent Trends in Water Treatment in the
U.S.S.R. Effluent and Water Treatment Jour— nal, 1:167 (Oct.
1961).
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8. Blioch, S. S. ; Perlina, A. M.; & Kozlova, N. L. Observations on
the Results of a New Method for Purify— ing Drinking Water — The
Contact Clarifier. Gigiena i Sanitariva., (Rus.), 22:70 (Jan. 1957.
9. Diaper, E. W. J. & lves, K. J. Filtra— tion Through Size-Graded
Media. J. San. Eng. Div., Proc. Am. Soc. Civ. Engrs ., 91 :89
(Jun. 1965).

10 Anon. The Dutch Immedium Filter; Operating on the Upward
Flow Prin— ciple. Water and Water Eng., 62:217 (May 1958).

11. Anon. English Tests on Upflow Clari- fier for Tertiary
Treatment of Sew— age. Public Works, 96:68 (Apr. 1965).

12. )5l 21l

13.2018-2017 Gl daals &fysiio— /1 /Al dumigll ale o ¢ a5l
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e Al e oyl (s0)50)
Al damule Cligean Hadiuly dysaae dalie A8 jhe digiy AL 15 sl &
faws JS Jal ey (0-25-50-75-100)%  Aibida Jlagial cay s dlae
b 3 jlas) 2 Jladd
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0 a9 dlaa Gy guan aladialy aa) g oladily Alalal) 48 jial) Aadewal) 48 gl cladd) jlagsl Al Al o
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Experimental study to determine the
Impact of recycled aggregates on the
collapse mechanism of one-way reinforced
concrete hollow slabs.

summary of the research:
Abstract. The main aim of this study is to determine the impact of

rough and soft recycled aggregates from demolished buildings on
the flexural behavior and, in particular, of one-way reinforced
concrete hollow slabs and its effect on the collapse mechanism.

15 reinforced concrete hollow slabs cast using natural and recycled
aggregates were tested with different replacement percentages (0-
25-50-75-100)and for every ratio,three slabs were tasted.

The aim of this work is to investigate the effect of substituting
recycled materials on the collapse mechanism.

With regard to the maximum bearing strength of the hollow slabs ,
the samples with replacement rates of 25% showed the highest
resistance, reaching an average of 151.76 (KN) at a rate of 104%
relative to the reference samples.

Then samples with replacement rates of 50% has an average value
of resistance of 127.7 (KN)
with a rate of 87.54% for the reference samples. As for the samples
with a replacement rate of 75%, they gave lower values, reaching an
average of (100.4 KN) with a rate of 68.8% for the reference
samples. The results for the samples with a replacement rate of
100% were relatively higher than their counterparts with a
replacement rate of 75%. On average (108.6 KN), with a rate of
74.5% for the reference samples.

Through the foregoing and comparisons with regard to forces and
deflection, results showed that in the case of using concrete cast
from recycled aggregates with replacement rates (25-50-75-100)%
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and compared with reference samples cast from natural aggregates,
the deflection values are somewhat close, up to 70 % of the
maximum load values, while the samples with replacement ratios of

100% showed greater values at the collapse and reached
approximately at the load (100) K.N up to 200% of the share value
in the other samples.

Also, by observing the forms of collapse for all slabs, we notice that
most of the collapse was within the shear area near the supports.

It can be said that recycled aggregates can be used according to the
replacement proportions %(100-75-50-25) and in a safe manner,
according to the grain gradient and according to the approved
weights in the design of the concrete mixture shown in the research,
while the samples with replacement ratios of 75-100% gave higher
values in deflections and lower values for loads and can be used in
a limited way according to the type of building .

Keywords: Reinforced concrete, Recycled aggregates, Bearing capacity,
Load-deflection, workability.
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