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The research aims to study some geotechnical properties of the
Quaternary deposits in wadi- Al- Jafer south of Sharqat district, Salah-
Al- Din Governorate to indicate their validity for some engineering
purposes like foundation for earth fill dam.The geotechnical tests are
carried out for seven representative samples of the sediments. The
geotechnical tests show that the sediments contain varying sizes.
Therefore, they are heterogeneous soil. classified through the plasticity
chart as a clayey soil with low plasticity (CL) in some samples, while
in most samples, the soil is silty soil with low plasticity (ML). The
specific gravity and water content values range between (2.64 and 2.73)
(1.10 and 8.33) % respectively. The chemical analyses show that the
values of gypsum ratio, total dissolved salts (TDS), organic material
ratio and sulphate ratio range between (7.31and 38.21) %, (11.84 and
41.16) %, (0.03and 0.35) % and (1.38 and 6.18) respectively. The pH
values range between (7.91 and 7.98). These high percentages affect
the engineering properties of soil. Through mechanical tests, it is found
that the cohesion values range between (1.7 and 13.3) kg/ cm2.
Cohesion values increase as the percentage of fine materials increases
and decrease as the moisture content and coarse materials increase. The
values of the internal friction angle range between (21° and 40°) and
affected by values of plasticity index and the increase in the percentage
of coarse materials. Compression index (Cc) values range between
(0.12 and 0.81), these differences in values reflect that the samples
deposits have different compressibility. The values of the swelling
index range between (0.014 and 0.097). This difference in values
reflects that the sample deposits have different swelling ratio. Thus, we
conclude that the deposits of the study area in general can be used for
some engineering purposes after being treated as foundation for earth
fill dams.
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ASTM D422-63 Reapproved 2007-) &Siye¥) Lulidll clicalsall s canall Jubaill la]

Ll Caseatl dadai sae @lling LAl il 8 daalal) Jalsall e LAl sl sl didail aas (2014

alaill caat aag «(Unified Soil Classification System) dull sl as gall aUaill 4l o3a 8 axdiug

zolall &5 (3) dsaall ay Aanrigh lgal 2V Al Canian b (gAY alaill 3L (e desdle SSY) 5a dngall
Al ) Al 3l Al ) oyl sy (3) Sl Wgiadys 5 )

Ayl Adlaia g lad il 23 a8 Jgan

Sand % Silt % Clay% sl o)
11 40 49 1
68 22 10 2
46 42 12 3
47 29 24 4
28 34 38 5
42 30 28 6
34 36 30 7
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Ayl Lilale 3L anal) et il .3 JSid)

nal asd) Cinpesil) s Lglii 5 dlge 0 Ble aly ) o e Ui anadl sl il DU oye
D) (e € anss Lo @llin Cus oLl aunga el 25 A (galll Gl Ao juy lanily d8lay il (sl
pliel @bl Llall Cleall (o lelts gy lisSall o @lly 8 s ol Caplad (50 23 1345 zolill Glisds
ol .(Abed and Azzubaidi, 2020; Jassam, 2021) ddlle slge J<& e dlgall 0da Jatig Jo¥) jgaall jradll
(Soil Stability) 4l a4y o581 ellyg dunrigl Zalill e las Loga 2 sl lgaas o alaie) Gl Chybeas
S A of J (Fattuhi et al., 1989) Uil 885 4w aaisig 4n )i Gu.\aj\ paall o byl da s aaias
(Aialal) Zul) andl gibasean (0S5 AN ) o Dl Aof (0S5 (Do ¢ Taanst 80 bl 0l Lgalisa (5
ool I3 0sS5 Of (R Gun euallS 8l Lisnigh) iliial) ol die Lagad cililgal) daad DA (e el
aclll Ll e e A
(Atterberg Limits) ¢uyl 353a —4

393 5l (4) Jsaad) G L(ASTM DA4318-14 2014) 4S5 dralsall ) Ialiid (andl) clyal &

Al il @l dgan clagad @il g 4 a8 Jsis

(%) a3 Jalaws (P.1) (%) L5l as (P.L) (%)asaed) 2a (L.L) zisall )

20.4 25.4 45.8 1

No Plastic No Liquid 2
12.9 33.6 46.5 3
9.2 30.4 39.6 4
19.2 23.6 42.8 5
10.4 33.9 44.3 6
10.2 31.1 41.3 7

& zase LS (ASTM-D,2487, 2004) assall Cosiaaill e lalaic) Al 18 zilal) Casioat
(4) Jsa
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" Plasticity Chart
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LIQUID LIMIT (LL)
(ASTM- D-2487, 2004) aagall Ciaiaill cuwa Ayl GSL&. it L4 KA

Jsaall & L (Budnikov, 1964) it g 43alll Jalaa e sl WL duhall 0 7 Saill Civiat o
cAagall) dlavigia Jing ¢(Plastic) dsalll Jas eia aii duhall 2 z3laill ) aadl Gus ((5)

(Budnikov, 1964) il Ao lalaie) giigal Jalea cauas Ayl c.ﬂ.u :5 féJ Jdexa

Classification Plasticity Index Sample No.
Super plastic >25
Plastic 15-25 1,5
Moderately plastic 7-15 3,4,6,7
Poorly plastic <7
Non plastic Not forming a plastic mass

cpomad Sl i) agag die Aagallly Agaad) las laj Cua (phallS daclil) alaa) s 5ol A gl s 2l
e Akl e calead) ans 83L) o) L(Al-AShu, 1991) &igalll iy dad 3 Glall Gaamy @l e el e
Ol iiad ) aaally Agalll G Gane Al 35mp canew -Lale Lyl (6K 535Sy CullISH Jia 30l
-Al-Turaihi, 2023(Khalaf and Issa, 2021; Ll & Lgalll (aled ge Jg¥ly bl Jjuall o danbal
Ol A o) A Gaadl gy (PIASIC) &5a) Gaelall 7z 3sailly JoV) 2 3saill sy o)) ileasandll il < gl
ik (3,4,6,7) ikl cauly ) catiea i . (Khalaf and Issa, 2021) &sgalll Jalea s 52l A ) Loas dadi e
ige Aagalll Jalaa ey Ll lls 8 Lgaan g Ll B Aushall daws o) (Moderately plastic) 4sgalll dda gie
(Khalaf and Issa, 2021.) lele Jaas
(Activity of clay) 4xidall 4l 4dlad -5

Al Al 8 Gaans ) GBSy L) salls A asall il dasal (Skempton, 1953) s
(Sl (2) (o JB) pano Lndall (palaal) sl G ghall Ay aigalll iy G Jansi ADle ba o) ) daasis
.(Bowles, 1984) aull ddalls e juay ddall 45l dlled ol
_ P.l.
~ %.of clay. fraction

(7 Jsaall) duyal dakia & dlal) Qg Adlad Canail (6 Jsaall) (Skempton, 1953) chviat aaasi)
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(Skempton, 1953) cuwa dgidall 43l dllad Cidiual :6 ad) Jga>

e Glladll
(Non —active ) dlad ye 45 0.75 (e 8
(Normally activity) 4l dulac) 45 1.25-0.75
(Active) illad 5 2.0-1.25

(Skempton, 1953) cisial s du)all dikia i~ Al dalled Ciiaat 17 aB) Jgaa

Al sl ek PI Ol Ao cisedl
0.41 20.4 49 1
1.07 12.9 12 3
0.38 9.2 24 4
0.50 19.2 38 5
0.37 10.4 28 6
0.34 10.2 30 7

Ulad e Al dahie 73 aen & (Skempton, 1953) s e Lilal) 4y Adlad ol Jasdls
i) Allad ol 4 Al s s GJEN 2 3sall Lo L

(Chemical Properties) 4xbwasll (alsdl) —

St 3 Qlalaall (e el I Lsd ALE (alee e dugls Lp e Zaliad) duwigl cilaiall (i
leailad & i3 s I ga5 ally sLisyl 8 Jas al sld) dse ol 586 b LA AL Cpalaal)
& ool L Ao gae Hdlne (el o (sSs ast Lo die el dlge rans ey ) 4Sa Gaaall Ol Wglea
Glasdll cles L(Al-Naimi, 1999) cldl yalic ae il guld (S5 3hall day sabyy JSBU a3l
Msall daiy Jung gl o1 by Olsdll AL A FOY) poanay cwad) (ginall L waad dbbues)
Gl &5+ C0)S5 daals cduanigh BS (gl duatigh acd b Ciliagnill o3 ehiad &5 3] ¢(li Sl Aoy A guiasl)
palsall z3 (8) Jsaall sy (B.S.1377, 1990) i sa)sl bkl I faliied Lusie A€ ALl (sl
Al Aidaie - 3ail Alaes

Al 48 el Al Clagadl) il (8 a8 Jgaa

Total i i
oH Dissolved S03 % Orgamc‘;)/laterlals Gypsum C;JSO4.2H20 zisadl 5,
Salts
7.98 11.84 1.38 0.35 731 1
7.97 13.43 2.13 0.27 9.17 2
7.91 41.16 6.18 0.03 38.21 3
7.96 37.81 5.61 0.09 34.26 4
7.96 35.19 3.87 0.11 32.65 5
7.95 36.78 5.03 0.07 33.23 6
7.93 40.09 4.68 0.05 37.05 7

Oo sinene) GV e (7.985 7.91) g Lo Al dihie zila B Gung el (V) ad cangls
e lity unilly LIV Gllee (8 5)dbie e 5l 8)dlae hpum ALBN jaliall A (8 J5 (Al dagall Jalsal
L Ll o) o Sunguell GO el o3 J . (Al-Saffawi., 2018) clsteall ¢S5 JIFaYls 50.8Y)
A lal) Aagia

e il Lganll Nsall o ¢(%0.3550.03) G Le Ayl dilaie g 3lai (b dygaaad) gall L Cangl
tb Lo bl sde jeas (Sass dudally davigh oalsill (e L ity

ot Ggaad dai LSy # ) ddlaal) saby by cddalicaty) 8 8abs Jestl) daw & (alids)
o Aglall Al (6 AN ¢l daglial Aida e L aay 3 Clgadll 35a5 o Cus gkl gl b
-(Sparks, 2003) las ALl a8 daglie Gld Ligiac Jge



Qs ALy (5)) ousm (g8

Glataall (35855 pealial)l el o gl G A& jualinll oy cofn o digdanll dlsall Jass

e 58 Ll dupianll Joalld HS Al (8 81 oy juainl) A5pa 2 ) (g35 L 130y (OLpAl ALy dyguasll
Al Liguaal) dlgall a9ag (525 - (Al-Hashemi, 2020) (a1 /z4%e e 500) I deal Y1 Jolall
Aobeatl) dacdl (aletisly o peall Jagagll I (53555 Baliecat¥ e Al Ll e 05 Y cApigl Jlae U A mils
Apadigh Lall) (e 550 e el Auhall dahaie G Dgaanl) Ssall das 8 lgle Jpeandl o5 Al bl cava
Sy shd el (ggindl iy (%38.215 7.31) ¢ e Audpall Ailaie z3lai b asssal) Al Cangl

Jarag duill dpeadll daglaall (o oy Camy liiall gale Gl Al Gaa) e S50 3 cdille dia (16S5 Ladie Lula
A 23 LS BSN (g Jlilly skl (ggimall (8 8ol o dany LS dpusnd) ull # LY Al 30L) e
& pewall Alad) il 038 a3 13 (Qader, 2023) (Al b % 5.0) cuyslad 13 Ge¥) e las 8ylad Gl
Cll Y claid) lgle Hli o) oSeall (o Al Gadigh Q) e 88l Bgem 559 las Blad dubll dilase
Gang 8 Ol Glany (A 4 (Dhae ol LVl (8 i JS o jedan dowvia JSLEe ) (3500 Dpcnl)
-(Al-laylah, 1993) sluall cuca yai Lo 13) L Aot yos yem uilaia joe Jagas Gaaay o) ciliinall o3a (ans Ligd)

ddee 8 olisAll AL AY) Ja (41,165 11.84) o Le lisdll ALY A #~DleY) daas Cang)s

celadl s JS8 (6 Lavie Ly Lyl (06$ Can Alle g (555 Ladie AaLaY|
ST el 13 Adle a3 gl ALE #3Y) L o (Al-AdIi, 1998 s Baver, 1972) 1) Tl

dpwnig land) e laa s e L)l dihie 2OV e ddlad) ol 038 35 o8 SN (% 0.5) o
Lale Ll (el e

Ldsall oluall 8 Bagagall iS55 D) (%618 —1.38) o Lo Ayl dilaie & iyl A Cangl
Lea clall 8 Laslighy e s Wasag s (8 £ SisSl (glaall canlily Gand) dilja e 8S il dusily
bl A 8 Ao Cansty B0 A 35as o) WS edilpal) JSB ) iy, Bage ity cngm Aol Jesy
Oe Ll Caustll 38 3525 o) -(L€A, 1970) Aaiiall Lilwall 8 e da a0 Gigan M (535 (ael) (i)
Glalled) any eha) ing Y cgile Lunigh lind) La Jla b las ha s duhall Bk b oyl
Al Ailaie b it Jeo gl gapa U
(Engineering Properties) 4swiigll palsali-¢
(Direct Shear test) jdbwll gadll jasd -1

Sl o) By (Al an ol Litea 0585 (A1 Ak e Al (e loga sl Akl GV dilee
LI .(Braja and Das, 2018) &Y/ sla) S suliall (gil) Jnbual dags b wy sy A8 (gl o2 (5SS
doslal) saall Jabeal A Llalay Guany 38 (63 BRI o Lgpas ) Bl daglaa Lgsl oyt dpadll da il
U ) 8 dagall dalsall e 203 Slasadl ol oz Saill g Gapati o) (Sl (go 1 AalY) ey oy clgale
G il 038 B gl sle Jara il pialy AL Lgadls 0585 A Coall daill Aals lgle Jgeaal) o
Il Y] Gl il Aaglie bl pandll 138 ()a) .(Hassan et al., 2022) Tas L deye Jlasiad
.(ASTM D3080-11, 2011) 2Ss5a¥! diualsall 335 e Al Loy dusdall ol oz 3ail

(°21) (ssloss g AN Y diglyg (ans [arS 13.3) (gsbos Sy Jo¥1 2 dgaill il daglin Csean
S Y Dl Ay (Pan [a3S 1.7) (goleds clalatl) daslia dad Gl ¢ S 2350Vl (sley Lo L) cdayo
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A Lagly dasiy (Pane 02 10.2) (golast 4 Sllall Aaglin Ao (b «aalall isaill Ll Ldny (°40) gl
Gl LA AV Ll Ay (P [o3S 8.1) (551t sl daglie 4l Guoled) 7 35ailly (°30) (gsless Salal
A3 Wl Jang dusil) 8 clulail) dows 50 dapny Sagi (Odally Guall) dae Ll dlgall dacs cadly) LalS L3550 (°36)
S e adiny Ay ) LS gSula 558 pailin Jalliy aaal) sang 8 Slaseall Lot J8 Cim Sl algine
o=l dlgaly (s3seal) Mga¥l o ALl (5) JSal Jiey L(Al-Sultani et al., 2023) Lall & bl sl

Le) panidll sl 5 ) z 3Ll

Pt
%3]

=

]
o |

=
LA
|

\

7ozl
f_./

\

\\

Shear Stress (5) kgfem2

0.765 1765 2765 3.765 4765
Mormal Stress (o) kgfom2

*".E':J_ﬂj *fEE-Pﬂ & a3 aal

Aol dahia il Gadl) dlgaly sagand) Aga¥) G A L5 S

(Consolidation Test) alecai¥) yasd -2

sl Al Jals sy (3 Lgans (8 aiilly Wil C i) sl 0 3 aleal¥) G oS

O A apam s M alesl el A calesall sl Tt 3 52U e Aa3U dga) Aalee ) gy e

Wbl Slgad) b ade b Lae ST o pleal¥) didee (Pla Laudal) Gl @ileli b paiill e Al )yl

alaai¥) (el o GeSall e by 5Sog LAY) Bae (DA Ciany dndans Laboyl) dsall b alecai¥) 058 Gaseas

s alealy) (asd 5l (Abdulla and Majeed., 2021) JwSOU i€ <y = lsy Ladall dlgall 3
(ASTM- D2435,11- 2011) 45! cilialsal)

i WS gl e (0.066) (0.13) goloss lly Jo¥) g 3gaills (3latis Lad (Cr) 5 (CC) (o IS A s

(Cr)s (CC) oo JS A cilS 2 ) z3sailly Glay Lad Ll (7 JS) (%6) 4 Ganll Sl (il
(CC) (o JS dali il Laty (8 JSall) (%5) 4nsid z3saill Sl (ggimall by LS. sl e (0.014) (0.081)
A(9JS) (%4.5) s 7 35aill Sl (ggimall gy LS ¢ il e (0.017) (0.12) Gaslsd 7z 35aill 4l (Cr) 5
a3l LS Al e (0.097) (0.21) (Cr)s (CC) s IS Aad il 3 ¢ Gualid) 35l (3o Lo Ll
Ol Aty (samnd) (gginally GLla¥) Aoy Talicat¥) by A Sl (10 <) (%4.5) dusds z3gaill Sl
L e g Alell el e G Alle Tliat) Aad @l 0585 Ada )l A5 o 3 ¢ SL) (ggimally Al
sy viad il & Ll daegy L) Qs a8 s . (Zhang et al., 2020) 8 Lliail a8 Ll ) Al
Lo (A 8al) el g @il (uloanpadlly culishyoaiigally Cul¥YI) Jie gl (B &Ll L6 dda Galae



QA o)) (smage (8

Qb e e g 13 b MLy el ol (e 8 Aoyl ol sl Al o 5 L) s alay clelal

-(Luan and Nu., 2021) #asy)

2
(4
T

o
>

0.295
0.275
0.255
0.235
0.215
0.195

10 “100 1000

Load (kN/ m2)

Jo¥) zagaill alaaill) (asd habis .7 <&

Void Ratio

0.340
0.330 &
0.320
0.310 +
0.300
0.290 +
0.280 +
0.270
0.260 +
0.250 +

10 Pe 100 1000

Load (kN/ m2)

g.'am\ il alaai) asd bbia .8 J<&
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0.280
0.260 l\
0.240 S —
o 0.220 T
5 0.200 \‘m.
T 0.180 \.\
Q
= 0.160 ! N
0.140 e a S
0.120
0.100 I
10 Fe 100 1000
Load (kN/ m2)
wualdll 7 3gaill alaaiy) (asd bia 9 JS&
0.550
0.500 T—_
£ 0.450 R
k) \\
2 0.400
= — \
0.350 SRS
0.300 v T
10 Fe 100 1000
Load (kN/ m2)

uilaad] 7 35aill alacaly) (and babida .10 JS&

Gl Lo Ll (Jo¥) z39ailly (3lay Lad (90) KN/M? Gaad) dakaial (PC) aesall alacall) Jaia dagd iy
Gaaall alecaiy) Jaiia dad cialy WS (19) KN/M? 4 (PC) Bresal) plocad¥) Jaiin dad iy 3 ¢ B z 3gailly
Gaesall placai¥) laaim dah Caaly 38 (bl z3gailly (3l Lash Wl ¢ Gualil 2 3gatll Lucally (75) KN/M? (Pc)
zsalls (3lay Lasé (88.83) KN/M? sy 5 (PO) sl dakaial Jlall Jledll alga¥ a8 Ll . (16) KN/m? (Pc)
il LS Gualal) z3saill 8 KN/M? (21.58) sl Lay - S8 #3500l 3 (41.96) KN/M22ials s 3 (oY)
Haes 3aL) die Ayl didaia g . ualadl 2 35aill 3 KN/M? (6.03) (PO) candl dilaiad Jad) Jladll SlgaV) b
Loyl Al (e 8yl Lpcwrigh JSLall (g yid g Jasagl Adee Jsaan il Lghalial Zla lajs el
Al eds e Lgialdl oSl (e A A0 e
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Sla ity

zisad lae Lo Auhll dilaie £ 3lai poen (b Aee i Al A Babs oannd) panall Jilatl) i iy
planl e pds (53 o (a3 Al Ol uball o3 ol LS o) G S s e (ssin 3 S
8 (535 - lgualsd (b duilaie e A a3 Ll ey (Al B35S Cilual) agaa dad (b DRy Cluge)
Giia LS L lgle ol o) el e A il Gibas) g cplie Jagia Gagas (I Al el 8 DAY
oxiis «(Budnikov, 1964) Cavias ) aliia) d5all) dihaly dai e g 4galll didalg A g3 Ao dug yaal) # 3Ll
Ol lil) el LS cdpnnis (Sl s Galsad) o8 5alyg cdaidall dlgall A 5al) Alguall da o Caiial (e
Lee il ll e sill Gisll o ) ang Lad o(Aalladl) dualie) — Allad e) (o duhl) 3halie & dyidal) 45 4led
Al oSl algall daegh o ading 138y ¢(Das, 1982) il s (alally Gjadly dall 3g0a Gaa adis ol
Coelal Lo Aiaal) dpal Zauis D3gall) Jales ais o€ I8 il sl SIaY) Lgly o Auhl i LS
) gl aas abajl Lgualasaly (Cpdally (oall) e Wl lgall s 2l clalall ad 5als) jdibaall (il il
zisail 35 (0.81) S z3gall L5 (0.13) JsY) z3saill b (CC) Aobalicail) s ad caaly A28 Msal) Ly
Adliie Lol 206 gl 7 3l s i 0l ) 8 ol 138 Sy (0.21) pedlad) 7 35al) b5 (0.12) Guela)
(0.017) Lualall z3gaill 5 (0.014) S #35ail) 85 (0.066) Jg¥) zasaill & (Cr) #lay) dils o caly ¥
Clelyil) daws it A0 5liie & il AL L) dudal) dilaie i o)) uSas Adlall aidl (0.097) Guslidd) 7 35ail) i
Ll e ST lamlg Jaliaat) ilyg colehd A ald 0588 Aaadall ugll (o Al dae gy & Ly lg JalcadY) Sl
JSUie et palsall 038 (b Al dzhaie (4l dahal) SaSigaal) Galsald) (n ABDRD) Al (e (a5 2okl
cAaia
dlaal)
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