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Efficiency of rapid sand filtration for filtering
wastewater from Salamiah treatment station

Pro. Eng. Mahmoud Fattamah *
Dr. Eng. Naeima Ajib **
Eng. Abdul kafi Shmit ***

Research Summary:

Water exiting from treatment stations, which work by the fixing
manner in natural oxidization ponds, has a high concentration of
solid substances due to the existence of the algae, and for reusing
this water for agriculture these substances must be reduced.

In this research, we will highlight the possibility of using the
rapid filtration and how its efficiency to remove the solid particles
suspended in terminal output water of Salamia station for treating
wastewater.

To achieve that, an experimental treatment station has been done,
and operated in the previous station, and by using a local sand bed,
the action of the experimental filter has been compared over three
cycles of filtration and the optimum filtration cycle has been
reached at a plenty rate of 6 m3/m2.h ,where the efficiency of
removing the turbidity and TSS was 36% and 68.8% respectively.

It is discerned that these filters are easy to be invested and has a
high output in comparison with filtrating by the traditional way.

Key words: Rapid sand filter, tertiary treatment, local sand.

* Professor / faculty member at the University of Hama / College of Civil
Engineering

** Professor assistant/ faculty member at Al-Baath University / College
of Civil Engineering / Department of Environmental Engineering
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Determination The Depth Of Improvement Using Dynamic

Compaction On Sandy Soils

—Abstract-

The dynamic compaction (DC) process by the method of falling
weights is one of the most used techniques to improve sandy soils
in particular, The problem of dynamic compaction is to determine
its effectiveness before starting it on site to ensure the possibility
of reaching the required level of compaction and depth of
improvement using the only available compaction equipment.

In our research, we studied the dynamic compaction of dry sand
soils numerically using the advanced calculation program by the
finite element method ABAQUS, and we reached a numerical
model that is relatively simple and effective at the same time with
allows predicting the effectiveness of soil compaction of a specific
site using specific compaction equipment and thus the optimal

design of the dynamic compaction process.

Key words: Dynamic compaction, falling weight method,
compaction efficiency, depth improvement, finite elements,
ABAQUS.
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The Influence of Openings On The
Behaviour Of The Simple Deep Beam Of
The Reinforced Concrete

Abstract:

This research includes an analytical study of the reinforced concrete
beams using the finite element method and (Abaqus6.14) program,

where the openings are symmetrically placed within the concrete
beams. The tried-and-tested concrete beams are simple with a
rectangular section and without additional reinforcement in the
opening area. The opening is square in shape and has different
places within the permissible.

The main parameters in this study included the size and locations of
the openings to be placed within the permissible, the effect of
changing the depth, the effective span length, and the ratio of the
shear to the depth, in addition to changing the type of opening.

We found that increasing the opening size from (200 * 200) mm to
(250 * 250) mm reduces the average shear strength by about 39%.
In addition, the load bearing capacity is less when it is in the middle
of the shear path. The reason may be that the limit Maximum load
path interception occurs when openings are provided in the centre
of the shear. Therefore, we conclude that beams with openings in
the centre of the shear may be less favourable.

Key words: Deep beams, Deep beams Behaviour, Openings,
Abaqus
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The effect of the density and distribution
of crown shaped punches on the
behavior of the composite slabs under

static vertical loads

Ssafa Ali (V Moaid Subh ?

Abstract: The composite slabs consisting of the concrete part
and the steel plate have been used since ancient times, which are
connected with each other through various communication
elements that secure joint work. This research introduces an
innovative technology of connecting with innovative connections,
which are very small cuttings in the bodies of steel plates as an
alternative to the traditional embossments that were Provides
partial contact between concrete and steel plates.

In this study, the finite element method and the nonlinear analysis
that takes into account the nonlinearity of the material were used.
A part of chord is modeled for the composite slab and then
generalizing the results to the composite slab completely, this
process showed high accuracy in matching the results, simplicity in
modeling and speed in the analysis, the study also examined the
effect of changing the density of punches on the ability of
composite slabs under static concentrated vertical loads.
This research shows that replacing traditional embossments with
coronary punches leads to an increase in the bending and shear
ability of the composite slab and that there is a possibility to
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reduce the density of the punches in a certain area of steel plate
while maintaining the same behavior for composite slab.

Keywords: Composite Slabs — Vertical loading — Finite Element
Method — Non-Linear Analysis.

(1) Master Student at Structural Department in Faculty of Civil
Engineering — Damascus University.

() Assistant Professor at Structural Department in Faculty of Civil
Engineering — Damascus University.

92



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

Introduction d.sis .1

G e pe ) e canidl ¥l 321938 ale dylay ddabidd) D) Caaaiiiu

i 2y ll S Caandind 3l e A i)
cemly ISy by (sl 333 3el AVl ilaall cal (1960s ale Dla
.(Bridge & Patrick, 2002) ¢iladll bl 3l malus (K5 Conpal ilaiall
a5 JS& (Embossments)isiill e ) o ARG sl wiliia ariid
o JalSia gda mual Cun ¢ (ilghall 3adatie Al 4 Akl Ul Akl

cleca N dadai

G lod 28 i€y Dluall Cum Aage 3 7138 dpanall iliaall Josd
J) Ll ilaayly appes L) il Alabide UM Lyl g ccaboaill 2y
(1

Aadi ahadall & Goad AN Jadll Gl dai ale JS0 ddalial) clldUl e
o5l o g dalp mhaud zUas Lbdd Jedll glal L skl Gadll g4
Yl dagiialls

cdalisall gl asatl 441K ye JUlly Cogaa Jagl i edans Aiiansy) dimall sl
dganall dagiall e eiaS amb IS Basase el DLy dlay @ el Gulil
(2 J&al)) (Embossments) _sigaill

93



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

L Slab Width, b

Butcof-Manc Composite Slab

Longitxdinal
Teansverse

Slab Span, L

Reinforcement

- Steel Decking

[1] 3Ysdl) Gasioally ¢psiandl (pe 233Sa alide 3L : 1 JS)

sl 533 3l Al Amially (il (e 43S0 Alaiie AL 2 J)
[1] (Embossments)i lal)

Sl s e Aabiaall UL 3 dayy AUsiS aadieal) Ayl (G giall s
o3a Allad (patl Clsladll JS e SR iy okl Gl 23l e ol
(3 )Siae Aali CDLa sy ayy A0 A28 aas alas Lia) . (Embossments) i saill
Fliall s Je (Punches) J&l Lalll gl e S dxe e 43584
J8 Ge g lia) sely o alail) s Jas L AaSlal) (3l dakil e s 43l
<X ¢( Universitat Politecnica de Catalunya)lu lils & Kl daals

94



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

(e o Sl ((European patent office EPO) 45,591 ¢ 158V cile )y iSa

.(3Jsa) [2] (Ferrer& Marimon, 2018) UPCala: (ialdl Jaé

Throughout
punching

(a) (b)

Fig. 7. a) Throughout square punching; b) Resulting cutting on steel sheet; ) Use on composite slab sheeting.
Coa 35 (g Vil milinall deen e JSAN Lalil) gl (€ 407 2 3 s

[2] Aabisall Sl JS) 458 005l

UL 8y0e ad)y gange Joli A Aprayal) Glaily cluhall (e aaell cuypal
Ao by jualie Lagy Ly diomall lically (15l (o 0385 I Al
.(Failure Modes) bl Llail e ddabiaall colladlll SLisy! Jidatl) adiey
Shilly Glaay) Ghilga) e b dabdadl a3l jwd)ll ety b
(40sal) (Alvarez etal, 2016) [4] Jbedl blal & aag Cun o Lail
:‘g,,_&j
GUDLL Callady) degliay Gl say Cillad) ge iUl LgV) L (A)
Jil Gl cilalea) Lavie ddabinall M jlhedl Ao daail) 13 sy (ddabiadl)

osill On sk BV sy Y lexie 3hah Ulee 1aas ccillaid¥) ilalga) (g
A daiall

95



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

skl Gl daglial Jpeagly ey sy skl Gl e w8l led) Jass (B)
cayh 8ie (B elldg Lagllail dayis 4,3Vl dssdially ool o ddaliaall calladlll

A daeally Gl o (Jsh BV Cisan Aati sl deasy ke

b e AL L jlaee e sy LA Gail) e i) Leil) Laas (C)
u.l);y\ Dl

[4] ddabial) DLl Ledy) blail & 4 JSil)

pidaliad) UL 8 el sl gl

Theory of connection in composite slabs

Full Connection il el ll —1
caaly i) jeain€ be (Plext Gialall BS G clelgd (Say ampall adaiall b
a5 Latie @I amy ¢ J6Y) Jpanil) Alaya b Laily Zalil) cDlagll Jains ole IS

Y Al (gl 5035 AV piliall 3 Akliaal U e dgesl)

96



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

Gany JY) B UL ¢ Jshall Gail) g8 i calilliiag ST LaliaY) adaiod
A(5JSal) Agiall Aliagl) dla ey Wiy Eum LAV milaally gl pn

Slandard bending tast
|< L )l’V 1V w |V Vo

Bed B m e B L e ST, et
L r(; Vilp
>
¥ ; ¥ |

e
/{—i KT Bt | -

End £lip [mem] Midspan defioction [mm|

Al 5 4l dagieally sl (e 453% Adalise A3 @l : 5 Jedl)
[2] Zelil) s

Partial Connection il aasll -2

G oo P ol g Y dlsall Gn Akl Gadll g il dlagl) Alaye b
Yy Gl e Joha o il A< il el fas QA (g glhaall day )
iy pailly oy

Aelsd (S ¥ adaliad) Al o pel) adaiall 8 bzl dg)hein) (L o
Jal e Laaaal dabiad) DN el plaiall Pla Glalae hsae Sy
Gaa SAY) saalls Aaiall la Sl Jals L) s (53l (Al Asdeal) adais
(7 JRA) Gmssy Y leliad¥) (golads sale S0 cilagial) Adad (g o sinll
i o JUaiY) o Tlae ¢d¥sall Aaiaally ¢ inl) oo (all JUaiDU dais

M o=l Ao Gl Lete eja Lly NCF ALiS Taiall e 4 ) A1) daslia
(6) J8al i LS NC a5

97



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

[3] Vel Gl ) Jaaal) e A il AL daglia Ji 4T : 6 Jeil)

(Eurocode 4, [3] 45Y) 483all (385 NC il Aol Gadll 338 23a5 Cuny
:2004)

Gy @lyg (JalS Guliay Cllaai) st e TU sl Gl alea) aans 2y
V) AL

?? testhf
T, =
b(L +L,)

ntest = Nc / Ncf Jadl dlas 4a50 intest
Adlpal)l A baeall 338 :NC
Al L) Alla 3 Blwal b Jaial) 338 Nof

ki al) AU el pdailal) e cb

98



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

adll Y Ls
8 i) die Jedll 3y 33T (e Aasll) ALY Al gkl Gadl) daglie 33 2513

:adaledl C._uaﬁ ¢ lael)

— J]?lltnest.‘?'ll'ru:f - fu-Vi:
bL, +L,)

u

((0.5)48 e sale dag) i) Jalas t

QU e Jadll 3y VIE

Standard banding test
€ >
Tigmr St yread g /
— L -
oL | #
—!
i & &3
u N4, G o
)RR
| NI =~
! . : Envdl glip |mm| Midspan dafleclion [mm|

MBQ@N;&S\@M\;M\&%}&&MM&@ 2 7 Js&
[2] dgal dda

Null Connection 1da garall EDuagl -3

99



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

Sl ol Jam Y alsadl Gy Adshall Galll o8 Aasied) dlagl daje b
G Osy Slemy Gl ypaie gsens o Ble Al AR ol
AS e WOlag

aslty of aeliion ¥ o5l & Cum can gl aglid) paiall b L3V daiall Lled
ey i (068 GalhaiV) Clad alaeal eI AL (JalSIL i, 231 Cialea)
LWl dsgaally sl o Q&) JladlV) cun desaeddl dlagll dlage

(8Jsa)

Standard bending tost
[ (4 v w '™ S Wiy,
‘\
T —u IEDREEIT-—1
= <=
i, Z -
—
a &
Me=h | [:_
T
) R i i
E
End s ] Midegan dnfocton [ren]

Al B L8N dadially ¢ sind) (e Ad3Sa Adalida A gl : 8 JSA)
[2] daganall LLagll

Objectives &l Gaa .2

Jel o il sadaa daliiia 280 ddlsde clue o cilul cyal -
A 238 moat Y ozl Gilaaly dea iy bee dagiial) sua
Sl Jraad Vs cand Aalill gl s3] AU JiaY) aysil) Ay
daslie ey sfilly Ol O alaw¥ly L@l o 23 G A

100



fua Nisa o e 2021 ple 9 il 43 sl Cad) daaly Aaa

dikie b ClleaY) K5 Qi DA e bl Coa lsge b ol
Aol e (i A S R

Ferrer& ) dupat illie pe 4liall DA e go2all zisail) o Gaail) =
Finite ) sapaaall jalisall d5pla Jleadinls dllyy ((Marimon,2018
Lha ¥ laeY) g Al i ¥ Jiss; (FEM Element Method
-(MNA cMaterially Non-linear Analysis) salall

Materials and Methodology &alll 34 dea .3

dagally Gl e 03SE cilalide AL s i) s34 G Gugyaall g3l
LS (9 Jsal) 20mm oplaie Leiy aeliy JSAH Lali g@illy 53530 4,3l
cobac] D e ddabiaall AL ()58

[2] lasua o JSa Zalil Gl 533 3all LYl ailicall 19 e

g=lnlly (Finite Element Method) sagasall jualiall gl Jlexiuly
Lt (pand e A33Sa ddalise 4L dada i ((ABAQUS -Ver 6.14.1)
¢ (Punches)Jsill dalb clegall 5 gl 5333l Al dagually o5l

101



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

Ferrer& ) ofislll Jd oo Lupad dugynally 5856 c¥sen Ll cas ally,

(10) J<a) 8 chsally ((Marimon, 2018

] 7. . R A 7 A ¢
— \ P —— / ~ Joint 29
) Neoprene pads ) i

Support bearing plate
. over a sand layer . Ls .

L

. =100 < 100
. ¥ F

[2] oSt Jandl diajae dlalide Al3L : 10 S

dalays sabae CwlS Aale cluhy G Jel€ IS dabina)) UL dadel dlee
Jhlal 4a6 43, (Alvares etal, 2007) [4] Gald) 26 . Jdaill Jigha gl
JSall 4 LS cadabisall A lacl (e Guae ay) daday dabiad) 330
a8y o dlend o8 ¢JalS S5y ddabid)l AL e bl agexs 25 (gay (11)
b ealaie) 5 1dag cJatl) 8 dejus Andaill b ddaluyy il diae 8 dle

Aglall daia

[ﬂ] :\AM\@eM\&ﬁM&}_\wM@J 11 Js&d)

102



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

A e Sl 3al) 2adal C3D8R(Solid element)  jaiell alaaiul
o lgie S0 die Jldiys osms L 53 aladl) OB s jaic s cddabiadll
paxiaall puaiall (12) JSal G WS o(culilye L0, eyl D) dpa clay

. [7] (Abaqus 6-14 Documentation, 2014) 2

[7] sie ol g3 celdll C3D8R juamll Jiiai : 12 Jeid)

O sl eiall 4adal S4R (Shell element) Zoailiall paliall aladiul 2
(13) Sl i WS e appl 53 el Al alus jeaic gy ilalisall A1)
- [7] (Abaqus 6-14 Documentation, 2014) A axiiuall paiall

3

b |

1 2

[7] sie ay)f 53 SAR adlial) juaind) Jiai: 13 i)

Baalg dadil gle Lalds awas e AVAR eyl

103



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

g5l w(Radial-Thrust connector element) JLail jalic o) 2
JSal o WS dagaally gl o Jelill) plan JSa eledle
. [7] (Abaqus 6-14 Documentation, 2014) ;3 axsiudl jawll (14)

aliiad Sy ealail Adball e gfisie n Jeay JUdl juaie (e Ble s
b5 Glshll sVl Galll glu oy L sl Adba dlley 5V iy
«(Radial direction) ikt cuUaDUll dloluy &ai ) LpaaY) Y dualal)
AN Al il Op Bl Gasi e dext Lal) ADla dllyy Sl

. (Thrust direction) i) ola3y,

Radial direciion

| Thrust direction

[7] sl Sl elatle daaall g gill (e JLsil eaic @ 14 JSA)

dgpaall Adabiadll ALY 3 cuac o)) Fiaall zasaill Al gyl alae)
Y-Z ssid) b Dbl o Gy o(Ferrer& Marimon, 2018) sl i
all Qi iyl 8 XY ggiad) s okl ol cpulal) NS
Al dagiall Al i) Caylall bz paiad) sid) 365 WS oz jaiall

Gally (15) JSal 3 e sa LS A paal) Ayl & (580 (il pen el 25
sanly 558 5e Usen Bulat & L Jyeail) 8 lalil] A5 6 adinall (g230l) = 3 5aill
Gald Guh oo Asdall A LEalat 2 Al zadiad vl e Sladdl a) 2es
Y sl 38y Jasll oladly lSay Jlan

104



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

F
o FEEERRARRELIRRRE #
L‘. Srpeadet heam
l Y l
:‘-:" :-_.'!' ‘-";d- y [ N T 'l.'-'. .
[—= P
i A
R ;
A L=1? K
V | i y

[2] G53Sye (sl sand Aiajee Adalide 2130 : 15 JSil)

& sas) a5 (Concrete Damage Plasticity—CDP) agpla aladin) &
bl Caag Al dsall sl Cappeil ABAQUS maliy b addid 35k
il A @l 48y e Jumdl ,ies CDP gyl 5 ) «(Brittle) Jigll sf foalaally
33l Aigpe Gailiig ¢ lie! o (Cyclic loading) (gysall Jaesill 1 Laals
ssludll Sajgind 5T Adyylall o Jaali LS s3lall & haad A Asall) chlaganll Cassy
Ll (e JESY) Al vie (3al $aily o L) syally Capey Lagd ) Alkgl) 3L

s W¥ses Al die gl e sl ) 38 e o 220 )

Ferrer& ) sadisall Zumaill Auhall Slagl (gaaall z3sail) 3 osinll 30l Canail
39Mpa sl Ll e shaal) daslaal casly cua [2] (Marimon, 2018)
Jpand) 25 Lappal) claslaall Glyiys Yl 330l o3 alea) ABle Cayyd (o A
Osinll Lalazall dug ) dialeall o slaie YU hacall e gl Sele e
aan s Upe sl Loy (5l @y Eua ¢ [6] (Eurocode 2, 2004)salal)
s vie . (0.4Fcm)sinll baall e dlawgial) dagiall (e A€ digyall aa
Aeadl Jagh a Uye ¥ SISa 4D 34l 25 Rl 4adal) szl Tag asd)
fan Asjal) o3 2ay . £CT suadll o3l alldy Gilly 53} alaati g2 adaeYl

105



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

Jsasl Fa Loy Lo Ly colaiinll ¢ L) can Loy (alally 3301 G glia
O A aas UL L gcu] Gl Al sl o3l wie 33l LS LU
A< s (<0 g€ < ecu) Sl Jhe dus Gl bpdili-aleal)

2 [6] 50

k_2
= Sfom—At—

oy
N 14+ (& —2)7
k=1.05E, St ;7 =2
cne gcl

Ggallail) Jaial) Jag i 2528 ey psindl bl e ddanigial) dagliall @ Fom

Mpa g

Gagy Mpa o a5 a5 28 jee die (ygill baall e sl daslad) @ Fok
Fcm=fck+8 Pl LS daxd Lagiy ARl 223 [6] 0)sY) a0

Agslaally Gginll baall e il Zagliall A jaa any opiimalga) Saie Jilaily
Eemg gl Jshall &g yall Jalaa [1] fck=39 Mpa J

o3 alga) iaie o Adaiilly clilayl faw o dualsll abldll Lall Jue :Ecm

A e [6] asas¥! 258N Crn 3ay A5 (0.4fcm) J slue lga dasall

14y
ECM=22*((0.1*fcm) *0.3)

& Osiall Jshall A pal) Jalas couny «GPA < Ecm s Mpa o fom 36 Eua
ECM= 34998.7 Mpa il il

.(Eurocode 2, 2004) sV 258l o 0,2 Aagdll 338G gulsy Jalaa 1 U

106



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

de d5ludlly Eem il 48000 55kl (g A€ My aaball pan 4 K
ECl adYl alea)
0.0022 Aaiilly aabpall (amy 23y ol algal) die ) o380 ; €C1

0.0035 o adayy JLe) xie akie¥) ol o320 ; gCUT

(16) JSEIL (s s LS bainall o sl s aleay) Ao o L

=

[6] Laaall Ll gl o3 sleay) de : 16 Jea

G el sl o3 slea) 4Dl aa Jaie e olae V) S dall Al b
( KMIECIK & KAMINSKI_2011) dumaye dlie e slaie¥L ¢(17) Jal

Al AL s ) [8]

n
g, .
G}=Jﬁm[ :] ife, >¢&,,,

I3

. [8]( KMIECIK & KAMINSKI_2011) aaall caa n=0.5

o oo JLe) sleal ) Joadl S gpe ha JSa G @il oy
V) Al aey ) g0r 30 e ggiall S sl o3l Jilaally 22

107



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

cs2aosd) 358N a3 e duadae ) daslaa) : Fotm
A e saldl Yy g yall Jalas :EO

Juaitiy Lo busily Gsil) JR g Wy copsinl) (8 G (33 Jf SRl Gilsally
ujig.\j\ :\LJA :’J;‘)Al\ Yy ’_A.*.u.iw "J wa_u.- J\.@A} iDle L.é _)\J;.i\ & gdﬁb:m L@-AAL! N
. (Tension stiffening) il (il laje 5f Fdiall

salls lwally 1Y) 8 Caaglly (CDP zisai 4 adiiay (320 o35 pllaas
.(tension stiffening) ) la

&b lsanll Gl Jie el o 6l Uye lowa ey ¥ 230 i (5l
LOlally 3855 BN G Nadlls oy ginl) Glally )

e B3l ) oy AN claganll g BAS Sday g GRE ey o3l
b gl 23l dlaye dadel Auld) clbedl e sas 6yl
1Al

25
2
15
1

0.5

o

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

ot
StCk = St—ﬁ

[6] 22 e sl @lglud ausil) o380 lga) 4Dl : 17 JS&Y)
Thas U 3sill @lsl Tay Gum (18) Ul Lol 45 dipe 50LS Vil - ey
=D
Es
e Ll BYgdl) ol (3 23 ey 200 GPa (s5lusys naall A5y Jalaa @ Es
.Perfectly Plastic

109



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

350

300

250

200

OtMPA

150

100

50

o e
a ool o002 0003 0004 0005 0005 0007 0008

SeEt

& il L3Vl Aaiiall IVl sl o3l — slgay) halada : 18 JSAY)
Ll
oo JS Glo AKimd) sl me el Jyyml (Python) dayw dslaw) i
palic I & e agina jualial lgapdi 2o @lldy 4,06l dadially (il
Sl Agllly o) e laalaa) adi Cumy coiie IS o sl B JLEY)
(20) 5 (19) Colall 8 iae sa LS Vel dsyiial)

[7] adad) aie jglaal) Jusii: 19 J<A)

110



fua Nisa o e 2021 ple 9 il 43 sl Cad) daaly Aaa

RadEkTh e,
\ >

“x W
N
]

[7] Juaiy) jualic J€5 : 20 Jeil)

sy 23 ((Numerical Method) dpac 4yl o sagaaall jualial) diph & Le
(21) oaKall 3 LS 20mMmM aas @ Basane pualial Wdlly i) e JS
palie dB) g Al Gl JSE 8 sl 3 e Sy Cusy (22)

N e JLaSy)

eyl (e Cuac & ﬁuﬁ@s )@.L.\J el ‘é_cbsﬂ G-.J}A:\S‘ : 21 &l

111



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

[7] daliadll AL &3,

Y Gaill dea) Al JS& G (e okl olaiV L dlabiaal) AN sl )
[5] (Martinez Ly apail) Jlais-5580 G Aa) JSAI 4ilie JLai) juaiad
etal, 2017)

om Ll YU Gl oY) adll ciglad aLudl 400 daliad) AL e Gua
Gl (SO andlly canlsll dyglise Gl Anpy BE ey ogially L0V dsduall
JSa e i Al sl Ly canldlly sacall o Gal days By L YL
Woles a3 Glegall Laa 85 Y1 landll JUll cdad 5,000 ey L)

(24) 5 (23) Kl b LS QU] jeainl (il

90000 -
80000 4 e
70000 _all

60000
50000 - y v ’.//.
40000 V. 4
sonood{
20000 ] r = B oXp-zZone
10000 ] / — model

Load (N)

0,00 001 D002 003 004 005
Deflection {m})

112



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

saall) Slaall Chosiiay JEY 1y (AL paall) 58 o A 1 23 IS
[5] (Y1

: . -
Slip (s)

[5] QL) eainl 33l alea) Ale @ 24 JSil)
i Ll YL (s Ayl bl Cua (e dg el ddaliad) AL aa
Saill alga) ABle aas L cpoalia Joha GV Aafii€ 55 ) die HledV) Guaay
Saill @l g1 ¢ HlgVly Al JUaBY) Lea (ppandy Cihe Gugyaall JUaiY) juaial
Aiall JUssal c ADL) JSE ae Bis 1305 QL) s Ul Ly oK
[(26) 5 (25) cnlSall i LS iy o)

Aol

g

S
[
|
L~

Load Cell Force (kN)
g

~s
~~~~~~~

~N
=)
)

|

|
0 s 10 15 20 25 30 s 10 45 so
Midspan Deflection (mm)

©

[2] Jlul—s38 adle : 25 (<)
113



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

el piad 37330 el dgal A :
045 |-

P

7 S s fy : : : : : i
- 30 o o o 0o Ay P A AP P P
: Lo : : : : : ;
.She.ar(f}.."';.z_i....i....i....i....i....i....i
(N/mma2) |

0i1s |-
oL |-

0. 1 .2 - 4. 5

slip (mm)
LN paiad GY3 i) alga) Al 1 26 JS

hd sl s Jshlls (ol el Sl e sl G G Lo s
bl G Cua @l Sl At Ay dsay aad A€y Qlel) s
Luball 8 adie] dagall dal Sade IS8 il dlee iy s adindl
OlatYL Dbal) Ayl Aal Jed e Jsaall Aupad clily e 4l
dogpaal) Ll i e S B 05 Gy (JLaN) jeaie ol A

gl JES-558 4]

@35 1 JEl Vel dsgioall swall dihie sl JSE Ll i
Asdall 3 Dbl dlea) Loy Laaliss) ey 1345 dlaiall 038 Cilaz

S g3 W Dndl slea) Aed pmias Jebee Gl dupas clubal By s
(M=0.5 _isii 0ys0 (slaliall sacizall daill Cias Ly osSy cdyaill da)lae daae
i i) Gpb oo Aedll o3l 4y da) U<y (M=0.47 dadl iy
iagll G ang dadall b2 e . [5] (Rios et al, 2017)zball (sl

.z 3saill sl 535 M=0.47

114



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

Results and Discussion lgiddliag gkl 4

S5 ALl Cun (e Lpnpail) Ll e Adla) Aubpall Dyl (27) IS0
Ferrer& Marimon, ) «( 49! jsaall) Slaall Couaiiay JEYls (Jslall saall)
iy a5 118.08KN lajlsie alic dad o g Jsasll @ il < [2](2018
G S Gilg e Jpan) @ Sl dddlal) Aubal lgihel el o0 fan
Al QL) ) el aad o oS Ol Ak s Agldally A pail) Ayl
L (andll) lead) lolul) (ol Cum A3V dnially sindl G Jualal)
Loal) Aasliall Jpuagll a Jhaall cppall Sllull gy o3 ¢ gylaill gl pa
Gan B cJage alanl) Alganl) gl ing Jpeaill U8 Zadll Al cAialacY)
Sailly Gillaal) e dhaa ) Al cliVal dsgiall falie ol (3Y3

e
106 - - S :
1404 ‘ dm-"' 0‘55-“ “\3}5 L ‘
120 - S L il

1000 -

\
( — o
-
-
\

o
=

Load Cell Force (kN)
&

48

i, TSN S

\/T] |

% pe P % 0 5 o
Midspan Deflection (mm)

201

[2] spaill Ayl 8 g paall AU (U — 558l) aBle : 27 JCal)
sl Al

sidaliaal) AU Wole e ogdil) A8 pau i A

115



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

The effect of change the density of crowns shaped punches UPC

on composite slab capacity

Gl Alsal)l G e Jasdl Gudat Sl G gl G Adlual) 3l <
-(28) Ul (20Mm) Aol Cpleal) DS Gl Al i isal) ALl (30

P/2 P/2
v
| RS e e e ]
= s s s s s sl s o o s o = s s # s o s wunnanas !
_}_|o£ | L-2I, |s_*_ log
P/2 P/2
I Miest /

G (ilgen Gulai Jla A adall Lbada : 28 (S
Ol ods Aagi lggle Jpanll 2 )y JEy) — a3l ddle (29) JS
i Jeall Bkt (Al O Qs O Alsall 0l O U] &z sall e
(40mm) s ikl 50L) Ly ddlabiad) A0 Gl e fim Y (30mm)
Al 4t L6 Ul ¢ (109.1 KN) %8 jlsiey Jasill 5358 [l 535
(30mm) 5 cpleall S Gaadat Adads s disal) A e (20MM) o8 Ay )

hhie bbb dag Jeall Gk il on sl o ledl 53y die 2
T Gl e Galll Gl sy o ag)srinal sl Gaill JEL ¢ael
aghays sinlly Ll dasiiall @il Jeall

116



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

NS Gk Akl Jia dieead) 3l e sy Adlisad) B0l o Gaw Lew (3ha
Lee ¢(20MmM) Legll Jaadl ks il G gl (pn Ablsall o pa (paleal)
358l (85.3 KN) %28 jlasay (30mm) daloal) wic Jaatll 3)08 (aliasl ) (525
DY) Gaa JUll ( Sad Al deany J@U (11.6 mm) %10 lasas
(68.2 ey [amlissl Jeas (40mm) bl vie X Johall Gadll Ao
Sl ¢ Zad AlS Jeasg (JEDU (11.6 mm) %10 yxiays 3380 KN) %43
bl Gaill dagin JLed) s

160
118.1-12.98
14D
170 [ 118:2-12.97 —~d=20mm-40mm
e ~{100.1-13.32 | —=d=20mm-30mm
=4
x 80 d=20mm
o
EED N 85.3-11.68 | L d=30mm-20mm
40 . R
/i ==0=40mm-20mm
20 68.23-11.6
o 4
o s 10 15 20 25 30 35 40 45 50

Deflection (mm}
Gl RS et Ll caas Jla) — Akl 338 Al : 29 <&
g8l oy dilusall ey : d
sl Y Jaall Gk Adad e gl G Ablisal) dad 1 J5Y) L8
Jeall Gaabai ki ol ALl L0 SN 8
Cofi dad lgle Jeanll Al JESY) — 55l dDle (30) JSA e WS
Adluaal) 30 i Laty ¢(30MM) Al Jeal) Gudat dads G o) o Adldl)

117



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

o3 ¢«(25mm) ) V) Al 8 sisd) ) deal) G Aad (e gl o
5% ey JENls (99.2 KN)  16% laia; Jeaill 538 (alassl Jas gl Allal
& o abaall Wganll g5l Jing Gaaatll ol Iab A5 aas Y (12.3 mm)
Gl e dian L) Ul AVl dagpall falie sk 3V Gaas

la il

538 g ) Langl Alall oy (15mMM) 1) daledl) Lzbd Aol Al 8 Laiy
s GY Gaa & abiall Ageall §5ly iny Jpeadll oL el Al aag
Mo Gailly Callaat¥) e 5leiV) G UL AVGal daiuall 7 alie

160

190 | 147:2-13.6 ¢
120
——d=25mm-30mm
loo
=
X 50
= % -=—d=20mm-30mm
[y ] et
3 60 \! 118.2-12.97
40 =<d=15mm-30mm

/ 99.2.12.3

0 5 10 15

Id
=}

]

20 25 30 35 40 45 50
Deflection (mm]}

sl S a8l s JEY) — Adaall 838 AL ;30 Al

g8l oy dilusall ey : d
iaaal) Y Jeall ki Adads e gl G Al dad 1 J5Y) L8
Jandl Baadai adadi cp cagfill (pyy Ailisal) Ao 1 S A8

118



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

Conclusions and Recommendations ciluagilly claliiiy .5

daggally i) sial) (e 433K dalide AL Cajaal dudyy DA 238 b i
Jal il coan AN 4l s DA e Laayen Ddaiy Al (Yl
ki Y Al ae aganal juabiall diph aladiul duhal) Cs Cua 3850 AL
A Clael (e Cuae ay dadal AR o2 8 & LS SlaeY] a3l
il Aleal) 038 ¢JalS IS Aabidl) AL o bl apexd 25 ey (Adalial)

il 8 deyug Aadatl) 8 Adaliys itiil) daUas 8 Al d6)

Aogliall i (e Adabdall AL Gajad e gl DB puas B Auln @
UG Bles A el Jomsil 5 A i) L L - SLedY) IS5 JEN)s

5333all L5l Aagiially st eiad) (e 433l Alabiadd) UL e e
el (pgall Jlagul ae oSy o Johall (il e Sale el gl
S Gallae¥) o ddabiad) )l maal JSE) Aal gl
o il Callaasy)

30l Ladeind AU Slae JelS o dl gl G dilall cilS Lexic @
Cosll A s AlSa) (ol cJand) Gudai Ak o s o ddleal
o dege Johll Galll Gua (33%) dwsy oisEl) o dakad) b
LS o Jil) Ul cdlabiad) AU Gl G e dkdlad)
sl S ] Aa 5i€ AVl dadiall 3 Jualal) Gl

Giany (33%) Aty dbwall ) Jeall Gl ddady (e ogill AES aly) e
o sl AU (aitig (25%) Ay Aabisall AL eslie b g )
aglie & @l Cusy (20%) ety died) Y Jesl) Gukd 3l
AL edl) bl ae 3l 138y ¢(16%) Ay ddabidall LD

119



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

A Qs Il i) o3 3 ok a6 aag Cua cAlabiad)
-y Gy gialys (shall Galll (558 daglia (e piay i)
cluagilly cila jiiall

Aole Jo @l 48K, LWl dasiiall ASlew ALY Ay -
Jadaliaa) 4350

csSslall Jeaatl) i Al -

el AL el e 4Vl dagiall g L)) Ay -

Adabiaal) AU dols e ygill shaal) daslidl i Ay -

120



fua dige o lha 2021 ale 9 ul) 43 dlaall Gl dadly Ay

References _M\J.d\ .6

Bridge, R. Q., & Patrick, M. 2002 - Innovations in composite slabs
incorporating profiled steel sheeting. Advances in Building Technology, Vol.
1,191-198.

Ferrer, M., Marimon, F., & Casafont, M. 2018 — An experimental investigation of a

new perfect bond technology for composite slabs, Construction and Building
Materials, Vol. 166, 618-633.

Eurocode 4, 2004 — Design of composite steel and concrete structures: Part

1.1 General rules and rules for buildings. European Committee for
Standardization (CEN), 118p.

Alvarez Rabanal, F. P., Guerrero-Mufioz, J., Alonso-Martinez, M., & Martinez—

Martinez, J. E. 2016 - Bending and shear experimental tests and numerical
analysis of composite slabs made up of lightweight concrete. Journal of
Engineering, Vol. 2016, 10p.

Rios, J. D., Cifuentes, H., Martinez-De La Concha, A., & Medina-Reguera, F.
2017 - Numerical modelling of the shear-bond behavior of composite slabs in four

and six—point bending tests. Engineering Structures, Vol. 133, 91-104.

Eurocode 2, 2004 — Design of concrete structures: Part 1.1 General rules and

rules for buildings. European Committee for Standardization (CEN), 270p.
ABAQUS, Version 6.14, 2014 - ABAQUS/Standard User's Manual, ABAQUS
Inc., USA, 281p.

Kmiecik, P., & Kaminski, M. 2011 - Modelling of reinforced concrete structures

and composite structures with concrete strength degradation taken into
consideration, Archives of civil and mechanical engineering, Vol. 11, No. 3,

623-636.

121



Aaslu 4 gla Y gaad duajrall Adalidial) oSl & gl Ao Aualil) gl a5 989 ABUS ]

122



SE dana,d dbaal) Ao 3 daaf oy 2021 ale 9 axl) 43 Alaall ) daaly A

8% soll gLkl o yll gl dllass duulya
pliiilly AL 581 go dyyasio il ygal dia yaoll

T daal) o g
* Miidaaa JgAsal)

k%

.
daal ppld

sl
dagia) dy)liard) G5l dpginall pealiad) 4,k Ao dulys Cand) 138 ey
e Jiage Ll a3 el Jal e Ciggailly gl il e 02me il gl dia el
el (b iy () Ll das e JS Eadal o ading auilie
Gabs yies¥l lea A deadiidl Al Aal zigad areal &3 Cus Plaxis2020
Bl o el doasall @aiad oty ¢ Caggailly Cda il e Baaxie s Ledle
Cadailly Cagda 3l g By Apatl) Gkt Aaiiy Lgdle Lilias 4 lis clulg
Jasa st ¢ 2yl Jasal) (o Anitinsal) by clulidll cp o & a5 Lo
Al peaall yarilly 53l Giad) % e L(BBM) dadinall quyill 430 5
e Ll Llae endl 0 81 s jl Qs sll DI ) pal) sae s Aaial
aie AP pulal Ml 5yslad) clind) e dlasall HEY) i b, 450
slinall Jlad) Al o Lalaad) 8 50l o3 (ye it o sl @lldy gc )5 pucall
Aaand) 4l e

Ajgu — e — Gyl drala — dgiaal) duaigl) 4 - w‘%@.\\h.\l@i\ﬁégﬁwJu*
.Lm— ud.AA-Gﬂ.).“ z.l.nle— @AAS\ hw\zﬂs—wﬁ‘ L“"'@‘?“égéu‘l)“ =
Ay — e — Gl drala — Al hu@\@ﬂ—@;&,@\hu@\f\d@obﬂsa@mm

123




Qaliil) g FLEN) (e B Sia Cl ) gal da jreal) Adiial) 4y Laid) ) o plead Aldas Al

: dpalidal) cilalsl)
L Ll Jase ccshaglly Canill Culyen ¢ fia gl cAaiall Ayl

Analytical study of the clay expansive
soil which exposed of several cycles of
shrinkage and swolling

Dr. ALI AL Alabdeh*
Dr. MuhammadTakla™"

Darine Ahmad "

o ABSTRACT o

This paper includes an analytical and numerical study of
swollen soils subjected to multiple cycles of swelling and shrinkage.
This research includes a numerical study by the finite element
method of the clumpy clay soil subjected to multiple cycles of

* Assistant Professor, Department of Geotechnical Engineering , Faculty of civil
Engineering , ALbath University, Homs, Syria.

" Assistant Professor, Department of Geotechnical Engineering, Faculty of civil
Engineering, ALbath University, Homs, Syria.

""Postgraduate Student, Department of Geotechnical Engineering, Faculty of civil
Engineering, ALbath University, , Homs, Syria.

124




SE dana,d dbaal) Ao 3 daaf oy 2021 ale 9 axl) 43 Alaall ) daaly A

wetting and drying. For this purpose, an appropriate numerical
model was proposed based on modeling of the spreading medium
(soil) and its introduction into the Plaxis2020 program, where a
model was designed for the soil sample used in the hydrometer and
applied multiple cycles of wetting and drying, and the proposed
model was achieved on the results of field measurements obtained.
On it, as a result of applying the experiment, applying the cycles of
moisturizing and drying it, and he found a good convergence
between the measurements and the results obtained from the
proposed model, which is the Barcelona model for swollen soils
(BBM). The results of the research allow to predict the volumetric
changes of the swollen soil and the number of cycles required to
reach the stage of stability before practically starting building on the
soil, thus estimating the potential effects on neighboring facilities
and taking the necessary measures when necessary, and thus we can
benefit from these results in maintaining the integrity of the
.buildings established on the swollen soil.

ey words: Swollen soils, oedometer, drying and shrinking cycles,
model Barcelona.
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