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51 %o(W,) idgpudl 2n
24 %(Wp) dealll ax | 1yl agaa
27 %(Ip) aislll Jils
14.6 %(LS) ol Ll
2.72 (Gs) el sl
CH (U.C.S.) 2mpall gl U5 suen
Group= A-7 LS 5aY) Apmanl) Coyia aUad Ces | (il
Sub Group= A- Gohll  apl
7-6 (AASHTO C.S)
9 2L 0.074 < % Jo)
5 0.074 = % cpal> 2k 0.002| sl
el el
38 1.0.002 > % okl
0.71 (Activity) dlxall
13 %oyl i
1.46 Yoiygmnll Hgal) s
0.3 % (SOj3) cbiy, sl ~La Uan
2.25 %(T.S.5) sl agll A5yl | lasadl
8.54 (pH -value) cus s yned) oY) ZEVEN]
-8 (CEC) sV ol den
(meqg/100mg of soil)
Cileasadl) 2 18y ST ol Colat SO Jarae Jiad Aais JS ¥
Eadl b dadiioa) Lo liall slall cilagad (2)Jsaa
D C B A daagl) gaadl) £oi &
6 72 | 68 | 94 Gl 589
(pH)
1250 | 858 | 755 |21000 | A MNOS| M Bt
cm (E.C)
660 | 90 | 200 | 5575 | Mga | (CO;) i) 3
1000 | 110 | 260 | 13125 - ShwSsl
(Hcoy)
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LAl L alidd) Je deliall sluall il (3) Jo2a

ol (%) s 250 s s
U.C.S LS Ip Wp We | (%) | b
CH 14.6 27 24 51 0 S0
CL-CH| 149 28 22 50 1
CcL 14.3 25 23 48 2 Sa
CcL 14.2 23 24 47 4
cL 15.3 28 21 49 1
cL 16.0 28 21 49 2 Sb
CL-CH| 164 31 19 50 4
CL-CH| 155 30 20 50 1
cL 15.8 28 20 48 2 Sc
CL-CH| 16.0 30 20 50 4
cL 15.5 28 20 48 1
cL 16.1 29 20 48 2 sd
cL 16.2 30 19 49 4

JaSh Alalaal) oyl gé A guanl) Mgall sl (and =i (4) Jsa
de lall slall (pe 4dlisa

Alalaal)

Sb Sc Sb Sa So 96) 55 5
1.46 0
2.1 1.65 1.8 1.2 1
2.7 2.0 2.2 1.5 2
4.0 3.15 3.3 1.75 4

alead) il (pH-value) sl o) pasd milii (5) Jgsa
Lo lial) sluall (he ddlida 58055

Alalaall
Sb Sc Sb Sa So
(%) Jus Al
8.54 0
8.51 8.5 8.5 8.64 1
8.35 8.25 8.35 8.8 2
79 8.08 8.03 9.2 4
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Agpll Sed) Jalal) daw o dsliall slial) Ll (6) Jgaa

Sd Sc

Sh

Sa

So

Alalal) Bl 5y

39 36

33

31-30

28

C.E.C.

(meqg/100gm of soil)<

dagliag gasll gali o e liall oball 3855 L8l (7) Jga

Il ganall 48 Bl

e BlaaiVl daglis o) el cu
(U.C.S) s M.D.D(kN/M’) O.M.C. (%) ’f’“ ildladl £33
( KN/m?) (%)

950 16.97 18.0 0 So
965 17.07 17.75 1
1000 17.17 17.0 2 Sa
1137 17.27 16.0 4
1040 17.17 17.25 1
1060 17.51 17.0 2 Sb
1118 17.66 15.0 4
1000 17.17 16.75 1
1040 17.42 16.75 2 Sc
1070 17.47 16.0 4
1000 17.32 16.6 1
1050 17.52 16.3 2 sd
1080 17.37 16.0 4

Ll ad cdlalaa o dsliall sliall il (8) Jgta

LAl (i COlalas
¢) Aladll Al agl] (¢') Jladll Lulall| S50 | ,
) ( (IZN/mZ) f) | e es
( degree)
30 49 0 So
33 60 1
34 68 2 Sa
32 75 4
37 54 1
36 62 2 Sb
34 78 4
32 74 1
31 83 2 Sc
31 84 4
26 78 1
24 84 2 Sd
21 88 4
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Lo lial) slially Alalaally duadall 4 fll & EGY) Gailad ad (9) Jgia

lhhd\&y
s (%) 5559
Sd Sc Sb Sa So
4.15 4.5 4.4 30.8 3.2 (%) Fla ds | q
210 215 243 210 176 | (KN/M?) £yl las
4.15 4.6 4.5 2.7 (%) FE) A | 5
318 265 294 147 (KN/m?) &1y Jaeaa
4.43 5.2 4.3 25 (%) ¢ Ey) Ao
3
323 294 275 142 (KN/m?) 1) Jaeaa
dlalaally Al 4, 50 alaai¥) Gailad milii (10) Jgaa
Ao Lnal) slually
Alalaal)
Sd Sc Sb Sa So
slaaiy) ailad)
0.563 0.58 0.60 0.62 0.645 €o
0.119 0.116 0.12 0.125 0.115 Cc
0.0252 0.0253 0.0261 0.0268 0.0238 Cs
255 265 274 215 193 P. (kN/m?)
¢y x 10
2.7 2.3 2.7 1.9 0.8
(cm?/ sec)
k x 107
1.448 1.434 1.451 1.25 1.052
(cm/ sec)

O.M.C = Optimum Moisture Content Jid) ashll s giaall
M.D.D= Max. Dry Density alsl) ddlal) 43U
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STUDY THE EFFECT OF INDUSTRIAL WASET
(INDUSTRIAL WATERS) ON THE ENGINEERING
PROPERTIES OF EXPANSIVE CLAYEY SOIL

Dr. Mohammed T. H. Al-layla Ibrahim M. Ahmed Al-Kiki
Professor Ass. Lecturer
Civil Engineering Dept. Water Resources Eng. Dept.

College of Eng. - Mosul University

ABSTRACT

This Research deals with the effect of industrial waste on
the engineering properties of clayey soil .The investigated soil
was obtained from (1.0) meter depth Al- Yarmook district in
Mosul City. The soil can be described as light brown stiff clay, in
organic clay with high plasticity (CH), and it contains (38%) clay
size particles (< 0.002 mm). The soil was treated with four types
of industrial waters, taken from several factories located in Mosul
city and from fertilizers factory in Baiji region.

The Results, show that the industrial waters caused a little
reduction in the liquid limit and Increased the plasticity index,
except the fertilizers factors Industrial waters where plasticity
index of the soil decrease with increasing the addition of this type
of industrial waters. As far as the effect of industrial waters on
the compaction characteristics, the result showed that the
maximum dry density of the soil increased with the addition of
industrial waters and the optimum maoisture content decreased.

The  industrial waters increased the  unconfined
compressive strength and the shear strength parameters (angle

of internal friction (¢') and cohesion (c')) , except the industrial
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waters from sugar and yeast factories decreased the angle of
internal friction .

The study, showed that the swelling percentage and swelling
pressure increased with increasing the concentration of industrial
waters, except the industrial waters of the fertilizers factory,
where the swelling characteristics decreased.

The results of consolidation test showed that the
compression Index (c;) and coefficient of consolidation (c,)
increased when the soil was treated with industrial waters.

The results of chemical tests showed that the values of cat
ion exchange capacity and organic matter content increased while
the (pH- value) decreased for treated soil, except the Industrial
waters of fertilizers factory, which caused an increase in the (pH-

value) .
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