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The research aims to study some geotechnical properties of the
Quaternary deposits in wadi- Al- Jafer south of Shargat 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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L Caeal dadal sae @lling LAl il 8 daalu¥) delsall (e Auill ol cenall Jilaill aas (2014

paill caviai 225 «(Unified Soil Classification System) aull Caieail s gall alaill daall oda 8 adiug

z 3Ll 5 (3) dsaal G - Aseigh Lenhe Bl Casia 3 (9AY) ALl 3L e AeeDle SSY) g8 angall
Ayl Adaie 3l All ) oyl gy (3) Sy Lo o3 )

Al) Aikia g il il 13 a8 Jsaa

Sand % Silt % Clay% zisaill 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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Al Al 3Ll panad) Jlall) il 3 JSi
el (casall Capaill dai Lgll 5 dlse e Hlae aal)ll O Ao JYiy ceaadl didaill 2l DA e
DY) e 8 o Lailas @llia Cus 2Bl ause ol 235 AU (ol Gl Ao juy lasily d8lay 3l (52l
plicly Galsll Ll Cilgall (e el 2y sl ol @lly 4l galsll Caplal (3o 23 1385 zolill Gligdg
o) -(Abed and Azzubaidi, 2020; Jassam, 2021) ddlle slge J<& Ao algall 28 Jasig Jo¥) gaall Hoadll
(Soil Stability) 4l as)iil (s< llds Zunrigh Aalill (go las Laga 22y canl lgena e alaie) il it
S A of I (Fattuhi et al., 1989) [Lal My 4sas auysis 4n s @m\ aaall o Gl dsjally adia
(Asalal) Al ansl Lgilasman (5S35 (A 5l e D) el 055 (o (oan) T € plaal 3 Lgili o€ 058
Oaed 3 588 O (R Gun 9IS 3 Dpeigl) bl oliy die Lagead cililga¥) dass Pl (e il
el Lpll (Se e dig
(Atterberg Limits) ¢yl 49aa —4

390 g (4) Jsaad) G ((ASTM D4318-14 2014) 4S5eY) dbalgall ) bl andll elal &
.uﬁ)ﬁj&\

Al cliad @yl agas clagad @il g 4 a8 Jgds

(%)a3alll Jales (P.1) (%) a3l os (P.L) (%) sacdl 2 (L.L) zasadll o)

20.4 254 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 33.9 443 6
10.2 31.1 41.3 7

& zase LS ((ASTM-D,2487, 2004) assall Cisiasill e halaic) dulall 18 zilail Casioss g
[(4) Jsa
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" Plasticity Chart
® ' ” /
7
- O T'GSJA} 1/ P
H S0pn
a . d
S @ tcis H .47
w ol . ool B 5 o
z “I@ e gl X g 2O
' 0 T gigal 725 G
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v . VE-U.AS //
‘Z - | 7% 0\‘/
g At % MH o OH
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- b7 M oL
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LIQUID LIMIT (LL)
(ASTM- D-2487, 2004) aa gal) Chaiatl) cuwa Ayl GALA.'. a4 (A

Jsall 8 WS (Budnikov, 1964) ciuias g d3sall) Jalaa o alaie Wl duyal) 28z dlail) Chsist
gl s gia Jing ¢(Plastic) sl Jis (paca g Al 28 z3lall o) Baadl Gas ((5)

(Budnikov, 1964)  cisiuali e lalaie) lgiigal Jalee cuas dadall z 3lai @5 o8 Jgaa

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

cpgaed &l Cligyl 3gag die A3gallly Agacddl las 22 Cus ¢ (ulallS Lac Wl alaa) s 82l Agandl 2 alay
o k) e alaall s 83 o) (Al-Ashu, 1991) dssall) Jals dad A leals Caaag @l (o el e
bl Jiins cal) aaally dalll (e ADLe 3pa Casnn Lk 30 Ge$ 5)sllg LIS Jre dsgall
-Al-Turaihi, 2023(Khalaf and Issa, 2021; Ll & Lgalll palsa e Js¥ly saball ol oo daukl)
Glall Lasi ) I adl gang (plastic) Al Geelall z3gailly Jo¥) zdsaill caadg)y of Cileagadl gilis ¢yl
ik (3,4,6,7) zilaill gy ciiua i .(Khalaf and Issa, 2021) 4igalll Jalas add 8305 A ) Lae dndije
dise Aigalll Jalaa 2ay 50l Alls 4 \gaas Allg Ll 3 dughall dus o) (Moderately plastic) digalll dasgia
(Khalaf and Issa, 2021.) lele dilag

(Activity of clay) duisall 4l 4dlad -5

dgbal) Ll & Gaaas ) LSy 2 L) sall dai oeaa) il dusal (Skempton, 1953)
Sk (2) e B aaas Al Galeal) ilad dgial) duailly asgalll iy G Jansi A8le ia o ) daasis
.(Bowles, 1984) aull ddally lgie juey dxudall o5l Alled ol

_ P.I.
" %.0f clay. fraction

(7 Jsaall) Zahall dalaie 8 dvdal) il ddllad Chieail (6 Jsaall) (Skempton, 1953) casiat axas)

10
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(Skempton, 1953) quua duidal) 4ol Ldled il 16 a8 Jg>

Al Chieas llagl)
(Non —active ) allad e 45 0.75 (o )
(Normally activity) ddledll dualsel 445 1.25-0.75
(Active) allxd 4.5 2.0-1.25

(Skempton, 1953) isial cawa duyal) dihia o Al Adlad Ciniuar 17 a3 Jgaa

Aalall 45 Adled Pl bl s gl o)
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

Alad ye dupall dihaie 73l paes & (Skempton, 1953) caieai cues Loidal) o5l didled L Jasdls
Aoaliic) Adled 3 4 Ll pdied Gum G 2 3gaill e L

(Chemical Properties) 4xsbas (alsdl) —

piad 3¢Sl (e aaell I Olsdll ALE ol e dugla Dop e dalaa) dpstigl) i) (apen
leailad 8 e o ) (g5 s cLaYl 8 Ja5 S clall slge 8 b 5l 3 LA AL cpaladl)
@ oeall LB % gan sabie el o (5Ss isd Le vie el dlse (ans jed () 4y gl Ol Wilias
Gilasadl) clas L(Al-Naimi, 1999) cldl yalic ae il culd IS5 Hhall day 83l JSBU a3l
Msall iy Fumgyugl ¥ Gubdy LAl AL S ~ Y] goanay sunal) (gginal) Lot wan dibasl)
Gl 252y daalas cdanigl) 2S (i glal) duatigh acd & Cilagadll s3a ehial w3 3] ¢t S Lansiy gaianl)
palsall 230 (8) Jsanll sy +(B.S.1377, 1990) b s3)lsll @hhll I Tl Lisie L€ Lilasl) [alsal
Ayl dilaie 3l 4laes)

Al 38 g 3l Ailaasl) Clagadl) il 8 a3y Jgan

Total i i

pH Dissolved SO3 % Organlc;\/laterlals Gypsum 03504'2'_'20 el o8,
b %

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

On shmaongl GV e (7.985 7.91) o Lo Al dilaie £3lal B g yngll Q) ad cangls
e lity cumally LIV Glblee (4580 g8 o) Bpalie Bgeay ALBI jalial) Aa 4 i Al dagal) dalsal)
e 5l o) Glo g yuell (U ull s3a Ji L (Al-Saffawi., 2018) clvieall (5S35 J5aY)s 51uSY)
A glal) Aacgia

e bl duguaall Msall o ((%0.3550.03) o Lo Al dibaie g 3lai 8 Diguiaal) dgall L Cangl;
tob Lo bl o3 eas Sarg ddally duusigh alsill e L Casege

53 Gagant Aoy (LS ¢ L) bl ol Jally cAbalecal) 8 8abjs Jaatll dews & (aliady)
o Aglall Al (e SN ¢l daglial Aida e L any B Clgadll 35a5 o s ¢ aghal) (ggaall b
.(Sparks, 2003) las ALl 408 daslin 1D diguac Jge



OsAls o) (suse S8

Glateal) 15835 paliall el Ao @bl cun ALEI jaliall dliey culi o diganll Slsall Jass
e B8 Ll dygiaall Jgalld 58 AN (8 2L G jainll A0a i ) (035 Lo 13y ¢ Olisall AL 2 daguasl)
S AN (A dgaal) dgall 35a5 (535 -(Al-Hashemi, 2020) (Uil /4% e 500) Y deay S9a¥) Jakil)
Aobeatl) deaal) alidly popeal) Jagagl) N (53555 Jaliaai¥) e D0l A6 (e 0055 3) dpnsnigh) Jlee S dune miln
Apeoigh Zalil (e 8i5a e e Auhyll Aahaie 3 Ayganl) dlsall st (8 Lol Jpemall 5 ) @S0 g

Sy bl ginal ey (%38.215 7.31) (Lo Al dihaie zilad (B aesall dtid Gl
Jerag Dol dpadll dagliall (o oy Gamy liiall Lgle ol A o) e S5 3 edille dias 6S5 Ladie Ll
Lo 205 LS BB (e iy aghayl) (gginall B3 e ary WS dpaad) upll L) dulSal 52l e
b panll el Casil) 238 a3 131 (Qader, 2023) (Al 8 % 5.0) @islad 13 Gan) o las i ual
il oY claid) lgle ol o oKedl e Al daxigh () e Bydla Bjsaan 55 las Bl duhall dilaie
Giang 38 GLa¥l Gl s L) (Slae o) Ba) 8 i (<8 o el dawvia JSLae ) (5355 Aol
[(Al-laylah, 1993) slall Cumja Lo 131 Liwsi daspos By3ums uilaia oo Jagan nny 5l clliiall o2 (imas gl

Blee 8 GLsM ALY A3 Jax (41,165 11.84) on Lo lisall ALl 2SN #~SleY) s Cang)s
celall e IS8 05S5 Ladie Layes Lyl (6 Gum Alle gins 05S5 L daLaY!

ST il 13 dlle aes glsAl ALG ~ DY das ol (AI-AdIi, 1998 & Baver, 1972) LYl ol

dpanigh laiall e laa Blad yiied Al dikie 8 Z Y (e ddlad) ail) 038 3gas o8 SN (% 0.5) e
Ngple Lgaaldl Kadll e

A gall slaal) 8 Bagasall Ciliny Sl 555 30 (%6.18 —1.38) o Lo dadpall dilaie & il A Cangl
Lae slall 8 Lgilisds dulle oy Ladgag s (8 40SssSll (glaall Canlily unY) &lujd o 50 il dully
el A Adle iy &yl Z Y asa o WS il all JSB ) el dunge ity i Aol Jea
Oe Al Gl 38 3gas o) -(Lea, 1970) daiiall Alall 8 et aad Gigaa ) g2 (el ¢padl))
Gilallaall s el iny I gl Gawnigh linall ) Jla b las Blad yias ) dadaia 6 il <)
Al dhie i Joe (sb gaal) U8
(Engineering Properties) 4wigll yalsdli-z
(Direct Shear test) jabuall (adll yasd -1

Ol o) By Al a3 Listea 0585 (980 dile o B e Teia ) Akl GV dlee o
LI .(Braja and Das, 2018) &Yy sl Bl (goil) Jabual o @lld L Gy A gaRll s3a ()5
dan Al el Jadual Ay Lglaly Gaay 38 (63 BYY) aa Lgas S Al daslie Lol ot daail) doglaal
S ) degall Jalgall e 23 cileagadll ol g 3l Lol (rapets o aall (sa A Al depu Oy clele
Cingic il 038 Clpaidl) ela Jasin il aialy (AL Lgadlis (5% Al Gll dadll Aald Lgile Jpand) oy
A3l S Aiglyy (el daslie (bl andll 138 (ga) .(Hassan et al., 2022) Tan AL dejer Jlanicd
.(ASTM D3080-11, 2011) &.S:5a¥! diualsall 385 e aslall dda)lly Zdall il = 3lasd

(021) Légu é\n‘g EA;\J]\ Sy z‘:’)b} (2(»;: /?‘S 133) L..SJLJ} ‘:;\S\J djﬂ\ CJ}A.\H Slalall E\AJLEA [GEEWEN
S MY )y Ay (o [p3S 1.7) (ol ol daglie dad (¢ S £35aVL Glay Lag L cday
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Ay dugly dasdy (P [a3S 10.2) (goled 4 lalall daslie Ao i ualdl) 7 3saill Ll LAy (°40) oles
st AR Iall SN Gy Ay (Pams [arS 8.1) (oo clulas daglia 4l Luslid) z 3gailly ¢(°30) (goles Al
333 Wl Jang Ausill 8 eluball daas 80 dapay 3lag (Cudally cuall) dae bl dlgall dus caly)) LIS L3550 (°36)
S e ey Gld o LS ¢l 58 pailin  JUllg anal) 5ang 8 Slaseall Gaws J8 Cum Sl g
call dlgaly (sagenl) Alga¥) (n ADAAl (5) JSal Jier L(Al-Sultani et al., 2023) Ll & @bl sl

Ll pandll ehal 5 ) 3l

Pt
%3]

Z

]
o |

=
LA
|

\

7ol
_,4--"/

\

\\

Shear Stress (5) kgfem2

0.765 1765 2765 3.765 4765
Mormal Stress (o) kgfom2

*".E':J_ﬂj *fEE-Pﬂ & a3 aal

Al dahaie z3lail (all) Slgaly gagard) Alga¥) o ABA)) .5 JLad)

(Consolidation Test) alacai¥) yasd -2

Aol 5l Jals Giang (1) Lgana b paiilly Wil cp ol il Al 8 alecadl) Capes oSa

O Al agas s ) alesall slll A5 calisall slall Tt B33l e Aa3l Slga) Aibee I gy die

eyl dsall b ade b Lae ST o plecal) didee (Pla Gl Gl @l b paiill e dailill )Y

alaca¥) (ol el o GeSall e claspen 05K L) Bae (DA Giaay dadies Lbojl) Mgl 8 aleal¥) 6 Can

s alealy) (asd 5a) (Abdulla and Majeed., 2021) JLaOU A€ iy ) by Ladal) dlgall i
(ASTM- D2435,11- 2011) 4Kssa¥! cilaualsall

A LS gl e (0.066) (0.13) gsbed Wy Jo¥) z35aills 3lay Lad (Cr)5 (CC) (ra US dad Casean

(Cr)s (CC) oo US Aad cilS 3 S z3gailly Glay Lad Ll (7 JSal) (%6) 4t (3anll Ll (ggindl)
(CC) oo US A il Laiy (8 JSal) (%5) dnsis z3saill Sl (ggimall oy LS. Vil e (0.014) (0.081)
(9JSA) (%4.5) 4tz 3sall Sl (ggimall 4l LS ¢ il e (0.017) (0.12) pasla) z 3gaill dunsilly (Cr) 5
sl 1 WS sl e (0.097) (0.21) (Cr)s (CC) oo JS dad il 388 arlid) z39aills ety Lo L)
Olaall Gauiy (gpamnl) (gginally SLlY) Aoy Tlicadl) s dad jilw (10 JSall) (%4.5) 4mis z3saill Sl
Al e g Alall lebal L G Alle Talaad) dad il 0585 Aloyl) Al o) 31 ¢ ALl (ggimally Al
Ipas b Aoyl A L) due g FlEN) Jis a8 Sl . (Zhang et al., 2020)J8 Lliail 28 Ll ) Gl
Aasd (8 801 et Cges Ll (algaapadlly il saisally ¥V Jie dapll (4 2 LBl ALG dgde (ales



Ul (s (srse (g8

Qb e o g 3 0l Il el ol (e 8 byl ol i S () 2 e (s alay il ldl

-(Luan and Nu., 2021) # )

2
(4
T

o
>

0.295
0.275
0.255
0.235
0.215
0.195

10 “100 1000

Load (kN/ m2)

IV zisaill lacaill) and dabia .7 JS&

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)

A g isaill alaal¥) aad bhia .8 J<a
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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 ——t L
0.120
0.100 I
10 F¢ 400 1000
Load (kN/ m2)
Gualdl) £ 3galll slacaly) pas bhbia 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)

uibal) 7 3gaill placai) pand babia 10 JS&

Gl Lad Ll (Jo¥) z3saills (3l Laad (90) KN/M? Gand) dikaial (PC) Gosal) plawal¥) Jazn 4 izl
Gaal) placadl) Jaria daid cialy LS (19) KN/M? 48 (PC) Bansall alawai¥) Jaiia Ao iy a8 ¢ SN g 3gaills
Gal) alawadY) Lakim Ao cualy 28 Gudled) z3sailly (laty Lo Lol ¢ Gualadl 7 35aill Zuaalls (75) KN/m? (Pc)
z3saills G3las Lasd (88.83) KN/M?2 sy i (PO) canall dadaial Jad) Jladll 2lga¥) a8 L) . (16) KN/M? (Pc)
iy WS Gualall z3gaill 3 KN/M? (21.58) s Lay «  SBY #3sail) & (41.96) KN/M2csils s < JsY)
Ao 8l die Al dilaie Ay . ealed) z3gaill & KN/M? (6.03) (PO) Gandl dibaial Mal) Jladll slga¥) ad
Lyl Bl (g Bladll dpsvigh JSLaA) e iied llg Lassgll Lilee Jsumn Nally Lgdalicail 415 S cleal
A ede e Lgnaldl (Kad) e I 40N e
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Slaliiiay)

zisadl lae Lo Al dihaie £ 3lai paen (8 Aee Wl 5 s Bab ) pamall el @il iy
Aan) (e gy 520 e (gind Al oAbl ds Ciglil LS cdal) (e 5 Aus o ging (g1
18 (535 - lemalsn b Auilatie e A aad Leslh addey All 455K ciluall agas da b dlsly Slagul)
Cita WS gl 5 o) (Sl e A clind) Galas) (g cplie s Gagan () L el 3 DAY
oxtis «(Budnikov, 1964) Caiaas ) Jaliiad dagalll dikalg dupe g d5gall) didalg did L) o dg yaal) i)
O ) sl LS chantin JSUie o alsil) o3a 8aljy cAsidal) Sgall Fawsd 5315 Algsedl dn a8 sl (10
Laclll Qll e gl Oigll 2 o aag Lad o(Adbadll daalgel — Allad ) (u duhall sl & Ll 050 dled
Aol 256Kl dlgall e gi Ao aaiay Vg ¢(Das, 1982) chiial s adally cppally Jasll 293s aa adi Ja)lly
Coelal Lo (Aiiall dgall Aoy A3galll Jolas ais o€ (<8 Sln A1) SN Ayl o) Al ciaitiad LS
) gginall Gaas 2Ll Lgualaaily (Cpadally (pall) dae W) Slgall A bl cluslaill 0 5als) Hdluall adl) il
z el 89 (0.81) SBY z3sail 85 (0.13) Js¥) z3saill 8 (CC) Labalivcai¥) s af cialy . An3al) algall dunsig
Adbiae Lol 2006 gl Ml s o) ) 8 coslitll 138 oSy 1 (0.21) Golad) 39l 5 (0.12) uall
(0.017) Lualall z3gaill A9 (0.014) S 350l 85 (0.066) gV zasaill & (Cr) ) dals pd caly N
Gl daw a5 gl & Ll A8 g du)al dilaie il o) eSa3 Alad) midl) (0.097) edled) z3sail g
Ll e Sl laly Dbl Llyg calehd A culd 0s88 dadall Lgal) of LAl e gty & Ly lg Jalacatl) Sl
S s Galsad 038 (s Ayl dtlaie 8 A ll Adbiaal) RSl Galsal cips AU Al (e o - Ala)
i
laall
Abdulla, R. and Majeed, N., 2021. Enhancing Engineering Properties of Expansive Soil Using

Marble  Waste Powder. The Iragi  Geological Journal, pp. 43-53.
DOI: 10.46717/igj.54.1E.4Ms-2021-05-25

Abed, M.S. and Azzubaidi, R.Z., 2020. Sediment Transport Within the Reservoir of Mandali
Dam. Journal of Engineering, 26(2), pp. 29-41. https://doi.org/10.31026/j.eng.2020.02.03

Al-Turaihi, A.S., Al-Zubaydi, J.H. and Manii, J.K., 2023. Engineering and Mineralogical
Characteristics of Sand Dunes of Babylon Governorate, Iraq. Iragi Geological Journal
This link is disabled, 56(1), pp. 247- 258, https://doi.org/10.46717/i0}.56.1E.19ms-2023-
5-29

Al-Adli, A.S., 1998. Geotechnical Evaluation of Soil Subsidence in the City of Baghdad and
its Treatment, Unpublished PhD Thesis, University of Baghdad - College of Science, 148
P. (In Arabic).

Al-Ashu, M.O., 1991. Principles of Soil Mechanics, Dar Al-Kutub for Printing and Publishing,
University of Mosul, 574 P. (In Arabic).

Al-Fraji, Y.I. and Al-Khafage, S.J., 2023. The Suitability of Fatha Clay Deposits for Clay
Bricks Industry in Zurbatiya Area, Eastern Irag. Iragi Journal of Science, pp. 2325-2341.

Al-Haddad, K.A.A., 2005. The Effect of Washing on Some Properties of Gypsum Soils in the
Samarra Region - Irag, Unpublished PhD Thesis, College of Science, University of
Baghdad, 160 P. (In Arabic).

16


http://dx.doi.org/10.46717/igj.54.1E.4Ms-2021-05-25
https://doi.org/10.31026/j.eng.2020.02.03
https://doi.org/10.46717/igj.56.1E.19ms-2023-5-29
https://doi.org/10.46717/igj.56.1E.19ms-2023-5-29

17

ol 2 m Aliilae et i) (ols b el umal) Cilacs il K5l Gl il i

Al-Hashemi, A.M.A. and Al-Shammari, A.K.H., 2020. Environmental Assessment of Urban
Soil Pollution with Heavy Metals in Wasit Governorate Using Pollution Standards (CF,
PLI, I geo), Journal of the College of Basic Education, Proceedings of the First Virtual
International Scientific Conference for Social Sciences, Part Two, Geography, Issue (2),
Volume (4), 19 P. (In Arabic).

Al-laylah, M.T., 1993, Problems of Gypsum Soils and a Proposed Solution for Treatment, First
Scientific Conference Proceedings, Soil Mechanics and Foundation Engineering, pp. 1-

15. (In Arabic).

Al-Naimi, S.A., 1999. The Effect of Nitric Acid on some Geotechnical Properties of Gypsum
Soils in the Latifiya Region (Central Iraq)”, MSc. Thesis, College of Science - University
of Baghdad, 84 P. (In Arabic).

Al-Saffawi, A., 2018. Application of CCME WQI to Assessment the Environmental Status of
Tigris River Water for Quatic Life within Nineveh Governorate, North Irag. Al-Utroha
J., (5), pp. 57-71.

Al-Sultani, N.K., Al-Amar, H.A. and Al-Zubaydi, J.H., 2023. Geotechnical Properties of Soil
Slopes of the Great Musaiyab Project, Babylon, Middle of Iraq. The Iraqi Geological
Journal, pp. 273-280.

Asiaei, O., Karimaei Tabarestani, M., Soltani, A. and Payan, M., 2021. Study on Geotechnical
Properties of Sediment Deposited in Latian Dam Reservoir Using Field Measurements.
Iranian Journal of Soil and Water Research, 52(9), pp. 2457-2470.
10.22059/1JSWR.2021.326357.669010

ASTM D2216-10, 2010. Standard Test Methods for Laboratory Determination of Water
Moisture Content of Soil and Rock by Mass.

ASTM D2435-11, 2011. Standard Test Methods for One-Dimensional Consolidation Properties
of Soils Using Incremental Loading.

ASTM D3080-11, 2011. Standard Test Method for Direct Shear Test of Soils Under
Consolidated Drained Conditions.

ASTM D422-63) Reapproved 2007, 2014. Standard Test Method for Particle-Size Analysis of
Soils1, American Society for Testing Materials, West Conshohocken, Pennsylvania.

ASTM D4318-14, 2014. Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity
Index of Soils.

ASTM D854-14, 2014. Standard Test Methods for Specific Gravity of Soil Solids by Water
Pycnometerl, American Society for Testing Materials, West Conshohocken,
Pennsylvania.

ASTM-D, 2487 - 00, 2004. Standard Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System).

B.S. 1377- 3, 1990. Methods of Testing Soil for Civil Engineering Purposes British Standards
Institution, London

Baver, L.D. 1972. Soil Physics, 4th. Ed., John Wiley and Sons Inc., New York, 498 P.

Bowles, J.E., 1984. Physical and Geotechnical Properties of Soil, 2nd ed, McGraw-Hill Japan
Ltd. 578 P.

Braja, M., Das, K.S., 2018. Principles of Geotechnical Engineering. Cengage Learning. Boston,
845 P.



https://doi.org/10.22059/ijswr.2021.326357.669010

Ul (s (srse (g8

Budnikov, P.P., 1964. The Technology of Ceramics and Refractories, M.L.T. Press,
Massachusetts Institute of Technology, Cambridge, 647 P.

Das, M.B., 1982. Soil Mechanics Laboratory Manual, The University of Texas at El Paso.

Fattuhi, Z.R., Thabet, K.M., Al-Jassar, S., and Mashkour, M., 1989. Engineering Geology and
Site Investigation, Dar Al-Kutub Directorate, University of Mosul, 352 P. (In Arabic).

Hassan, A., Khwedim, K. and Sahaab, A., 2022. Geotechnical Assessment of Soil at the
Campus Site of College of Science, University of Diyala. Iragi Journal of Science.
https://doi.org/10.24996/ijs.2023.64.5.19

Jassam, W.A., 2021. Simulations of Hydraulic and Sediment Transport in the Reach of Diyala
River. Unpublished Master's thesis 189 P.

Khalaf, M.O. and Issa, B.M., 2021. Study of the Relationship Between Some Physical
Properties of Selected Soils in Babylon, Central Irag. The Iragi Geological Journal, pp.
155-164. https://doi.org/10.46717/igj.54.2D.12Ms-2021-10-31

Lambe, T.W., 1951. Soil Testing for Engineers, John Wiley and Sons, Inc., New York, 165 P.

Lea, F.M.,1970. The Chemistry of Cement and Concrete, 3rd ed., Edward Arnold, London, 429
P.

Luan, V.N., and Nu, N.T., 2021. Consolidation Properties of Ho Chi Minh City Soil, Vietnam.
The Iragi Geological Journal, pp. 1-10. https://doi.org/10.46717/ig].54.1A.1Ms-2021-01-
22

Qadir, M.S., 2023. Geotechnical and Environmental Geochemical Characteristics of the
Sediments of the Samarra Dam, Al-Wind and Mandali Dam Reservoirs and Their
Suitability for Some Industrial Purposes, Unpublished Phd Thesis, College of Science,
Tikrit University. (In Arabic)

Roy, S. and Bhalla, S.K., 2017. Role of Geotechnical Properties of Soil on Civil Engineering
Structures. Resources and Environment, 7(4), pp. 103-1009.
DOI: 10.5923/}.re.20170704.03

Sayhood, W.H., and Rasheed, M.J., 2020. Assessment of Some Geotechnical Properties for
Soils of Euphrates River Banks (Kufa-Mishkhab), Middle of Irag. Iragi Journal of
Science, pp. 3242-3251. DOI: 10.24996/ijs.2020.61.12.13

Scott, C.R., 1974: An Introduction to Soil Mechanics and Foundations, 2" Ed., Applied
Science, Ripple Road, Essex, England, 361 P. DOI: 10.30572/2018/kje/090308

Sivakugan, N., 2021. Soil Mechanics and Foundation Engineering: Fundamentals and
Applications. McGraw-Hill Education.

Skempton, A.W., 1953. The Colloidal Activity of Clays Process,3rd, Int. Conf. Soil Mechanics
and Foundation Engineering, Eng. Switzerland, Vol. 1, 57 P.

Sparks, D.L., 2003. Environmental Soil Chemistry: An Overview. Environmental soil
Chemistry, 2, pp. 1-42.

Yaseen, Z., Agrawi, A.M. and Ahmed, I.N., 2022. An Industrial Evaluation and Chemical and
Physical Properties of the Clay from the Taq Taqg Area in Northern Irag for some Ceramic
Applications. Iragi National Journal of Earth Science, 22(2), pp. 47-66.
10.33899/EARTH.2022.134616.1018

Zhang, H., Liu, X., Jia, Y., Du, Q., Sun, Y., Yin, P. and Shan, H., 2020. Rapid Consolidation
Characteristics of Yellow River-Derived Sediment: Geotechnical Characterization and Its
Implications for the Deltaic Geomorphic Evolution. Engineering Geology, 270 (1),
DOI: 10.1016/j.engge0.2020.105578

18


https://doi.org/10.24996/ijs.2023.64.5.19
https://doi.org/10.46717/igj.54.2D.12Ms-2021-10-31
https://doi.org/10.46717/igj.54.1A.1Ms-2021-01-22
https://doi.org/10.46717/igj.54.1A.1Ms-2021-01-22
http://dx.doi.org/10.5923/j.re.20170704.03
http://dx.doi.org/10.24996/ijs.2020.61.12.13
http://dx.doi.org/10.30572/2018/kje/090308
https://doi.org/10.33899/earth.2022.134616.1018
http://dx.doi.org/10.1016/j.enggeo.2020.105578

