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ABSTRACT

Classifying soils into groups with similar behaviour, in terms of simple

indices provide a general guidance about engineering properties of the soils.
Complemetary physical properties of soil mean any three properties of soil that any
two of them will be enough to estimate the third one, for examples Atterberg limits
(Liquid Limit %, Plastic Limit % and Plasticity Index %) are substantially
complementary physical properties due to the equational relationships between
these three properties. Also the size fractions of soil that component from three
fractions only (Clay %, Silt % and Sand %) are complementary physical
properties because the total sum of these properties will be handred percent. In this
study only two of the three complementary physical properties of soil have been
converted to standardized values by subtracting each properties from the mean
value and dividing the result by the standard deviation . The standardized values
values are plotted on two dimensional graph which divided into a uniform area up
on the unity standard deviation. Number of samples are measured in each area to
draw the contours map which shows the individual groups . this a simple statistical
treatment for a complementary physical properties of soils has been applied on soil
data from Tulool Al-Bacth/Shirqat road. The resuls shows very satisfactory.

-

Aadial)

o3 ¢ gwall canall apsll I ALaYL AT dalse o dac bl Cill puigl) Capesil) ading
a5 A lly onall Sl Loy Rae il ul pmntigl) ool e pustty US55 Jalsal
) dushll ssina sl ( Water content % ) Sl ssinally o Alls casill s38 3 53 5a sall olaall
il e Al gsiaall eyl o & allly A gl s5aa cliagad o) .( Moisture content%
—aye (Skemptone 1953 ) . wxigll ledyaiy leiviana ypadiy lediat e aclidy daclll
( Plasticity Index PI ) dssalll 4l (e IS o Le Al Ll (Activity A ) aleldl
Gl ) S5 ) gyl Apaeally Ale Ll Ale ) of s (Clay Fraction CF) gl dis
daldl o Lo dngd dha clidle dllla o aag dac il oyl (arad caliahiall e d2e . 455
Ly (Liquid Limit LL) dsull an5 (Specific  Surface Area SSA )ise il duadald)
Smith s (Locat et al.,1984) 5 (Ohtsubo et al., 1983) s ( Kuzukami et al., 1971 ) &)
(Churuchman and Burke1991) s (Morin and Dawe, 1986); (et al.,1985)
Gsimall e A6 Ae ol (LL) 5 (SSA) o W Al o ( Cerato, 2001 ) sy 2y
S5 galaa 55l Cogill 0kal dnall (gsiunall e s Aphad ()5S iy allall o alEY)
Onle Al slad) sa (Youventharan, et al., 2007) duhy (e aagll S5 . Bpia Laslgn



ol daaial) A8l 5a0 (alsdll ilany) dalladll

2 Aeadiall 4l 4SS gl alsdll e Agall aag Dy suanll dlsall daSs Sl gl (e JS
Ulag Abasl) LSl (e JS Ll 4ulya Wl a3 ( Naderi and Naeini, 2009 ) Wi Ll
dpad) i Sluhal) 538 (e andl (el 138 A e L LaSU Aglalinatl) daglaall e dgall
5dlaall eal) ) ALYl il LSS gual) il a8 il 3505 VA 5L e
Aadigl) apllall e 58S (B 5adlie S8 aadnnn ysan Al il sl aaad) apall
A yrall

oS S 3plitie S8 allall (b Gl daeally A8lLaslly Al (el o Cagpaall (1e
o sn 1305 ki algall b Lagacy L] Adlidag B plitie ()6 alsall o3a o i o AT ) adse e
oSaty Cign Al laad) alall aalgll ual) 138 agdaal) Ledgls Al Jual ) ddssl)
&) s G Ll Galal Canan ol b gl LAl wsigll Gopatll ) dglull e Ll
(A paalaally A5jlie Baslll Ao ganall z3ladl Aliie aled I35 58 Biran pslan o Jsuanll
ALY il Say 4 Loadl ege Jln Y saalsll de ganadl (alid o Jalill CadEaY) 13 o V)
Wglae I Alal Auhal) Congs + Al uvigh Copaill 3ol agh ) sag Ml sl Galsald
4 amlae o Jsaall saalsll de ganall 7ol (p ALBRN SUBEAY ) 4880 Jualdil) ) J seasl)
Al 331y Jead) palall apaas s LY de seaall (Subgroups)

dilasy dallaal)

OsSs O S Aany alsag Y2 o alie W Gl dgilitie gaalae () il s
Y Hime A5 (e gz 3lad e senad Laciall A5l (alsl) o Ll puaigl) claall Jea lale Sl
coalsall odgd Abiaal) clawsipall o Joandl A el A e Leie lesd SV alall maa s
(o GlhanaS 3adinal) Jaldyll/o L) Jsb 33k g5 pial 4 ill dpamnally Allal) alsad) Jiay (1 Jsaal))
e oS Y s ((NCCL,1993) a8li¥) culyisall agdll 3S5a0 50 e 33 s lally Zalyall 038
ca—ll Ayl 3 all (Clusters) a—ial) 5l a2 paaida 8 oo ol L4
Ul 2a e il agalll hlade e (1 Jsaal) o g2 (34) aflse s (1 JSA)
¥y habiall & (CL) caiall ) i gz 3lall oda el o jeday cua (P1%) 4sall) dlay (LL%)
z 35 (21) ilse sy 2 (2 JSa) A L Caniall 38 (panim 28 ) aelaall Juaalii maa g
Leall it A 3L psalaall enia i 0y gs cppadly Galall (e JS s e lalaiel (1 Jgaall) oy
.z 3all o3a
[owE BlEal [z Wl b Gyl g el 405l dadiall Allally dpaanall (aledd) ) Jsaall

. (NCCL, 1993) aslay) cuyiaall ol 3yl




) ) e

3

ohandl ald dons

Index Properties

Size Distribution

Hole Liquid | Plastic | Plastic | Hole | Sampl | Clay | Silt% | Sand
No. Limit limit ity | No. e No. % %
% % Index
%
45 24 | 21 1 22 49 | 29
46 | 20 26 4 18 59 | 23
45 22 23 5 15 37 | 48
41 21 20 | BH-1| 7 31 36 | 33
43 23 20 10 | 43 47 10
BH-1 42 22 20 11 13 45 40
43 19 24 18 69 19 12
38 19 19 1 34 | 41 25
43 19 24 3 19 26 55
42 | 21 21 5 22 32 | 46
28 21 7 | BH2| 7 15 44 | 41
27 18 9 10 10 54 | 36
29 17 12 14 | 57 38 05
35 21 14 17 | 26 31 43
48 24 | 24 [BH3| 2 12 15 68
BH-2 49 | 21 28 3 9 10 | 81
48 22 27 1 25 30 | 45
50 | 22 28 3 22 27 50
44 | 20 24 | BH4 | ¢ 0 42 58
48 25 23 9 52 39 | 09
44 | 23 21 13 17 18 65
44 | 23 21
5 45 24 | 21
BH3 1 ¢ | 50 | 22 | 28
7 44 | 21 23
10 | 49 | 26 23
11| 50 | 24 | 26
13 | 49 | 22 27
2 41 20 21
4 | 29 16 13
7 48 26 22
BH4 1 9 [ 49 | 21 28
11 | 44 | 22 22
14 | 48 23 25
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ol b plen 5 (reall anld dens
Sample No. Liquid Plasticity Standardized | Standardized
Limit % Index % L.L.% PI %
12 45 21 +0.27 -0.12
13 46 26 +0.43 +0.83
15 45 23 +0.27 +0.26
16 41 20 -0.34 -0.31
18 43 20 -0.03 -0.31
19 42 20 -0.18 -0.31
112 43 24 -0.03 +0.45
114 38 19 -0.79 -0.50
116 43 24 -0.03 +0.45
119 42 21 -0.18 -0.12
22 28 7 -2.32 -2.77
24 27 9 -2.47 -2.39
26 29 12 -2.16 -1.83
29 35 14 -1.25 -1.45
211 48 24 +0.73 +0.45
212 49 28 +0.88 +1.21
213 48 27 +0.73 +1.02
215 50 28 +1.03 +1.21
216 44 24 +0.12 +0.45
219 48 23 +0.73 +0.26
31 44 21 +0.12 -0.12
34 44 21 +0.12 -0.12
35 45 21 +0.27 -0.12
36 50 28 +1.03 +1.21
37 44 23 +0.12 +0.26
310 49 23 +0.88 +0.26
311 50 26 +1.03 +0.83
313 49 27 +0.88 +1.02
42 41 21 -0.34 -0.12
44 29 13 -2.16 -1.64
47 48 22 +0.73 +0.07
49 49 28 +0.88 +1.21
411 44 22 +0.12 +0.07
414 48 25 +0.73 +0.64
Mean 43.2059 21.6176 0 0
Standard 6.5680 5.2686 1.0 1.0
deviation
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| SampleNo. | Clay% | Silt % | Standardized | Standardized |
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Clay % Silt %
11 22 49 -0.19 +1.07
14 18 59 -0.42 +1.84
15 15 37 -0.60 +0.14
17 31 36 +0.33 +0.06
110 43 47 +1.03 +0.91
111 13 45 -0.71 +0.76
118 69 19 +2.54 -1.25
21 34 41 +0.51 +0.45
23 19 26 -0.37 -0.71
25 22 32 -0.19 -0.25
27 15 44 -0.60 +0.68
210 10 54 -0.89 +1.46
214 57 38 +1.84 +0.22
217 26 31 +0.04 -0.32
32 12 15 -0.77 -1.56
33 9 10 -0.95 -1.95
41 25 30 -0.02 -0.40
43 22 27 -0.19 -0.63
46 0 42 -1.47 +0.53
49 52 39 +1.55 +0.29
413 17 18 -0.48 -1.33
Mean 25.2857 35.1905 0 0
Standard 17.2109 129175 1.0 1.0
deviation
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Groups | Standardized | Standardized | Liquid | Plasticity | Plastic
L.L.% PI % Limit Index % | Limit
% %
1 +0.12 -0.11 44 21 23
2 +0.88 +1.00 50 27 23
3 -2.25 -2.00 28 11 17
Groups Index Properties Classification
1 Medium CL Plasticity
2 High CL Plasticity
3 Low CL Plasticity
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Groups | Standardized | Standardized | Clay % Silt % | Sand %
Clay % Silt %
1 -0.12 0.42 23 30 47
2 -0.75 +0.75 12 45 43
3 +1.75 +0.30 55 39 6
Groups Size Classification
1 Silty sand
2 Silt — Sand
3 Silty clay
.(2004) GE 441 saaill dayh 5 2l &3530 (0 e &l 6 Jsaal
Mineral Exchangeable | LL Pl PI SL | Activity
Ion % % % %
Montmorillonite Na' 710 | 54 | 656 | 9.9 7.2
K" 660 | 98 | 562 | 9.3 -
Ca™ 510 | 81 | 429 | 105 1.5
Mlite Na' 120 | 53 67 | 154 0.9
K 120 | 60 42 | 175 -
Ca™ 100 | 45 55 | 16.8 -
Kaolinite Na'! 53 32 21 | 268 | 0.33-
0.46
K'! 49 29 20 - -
Ca™ 38 27 11 | 245 -
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Expansive | Liquid Limit | Plasticity PIx % < Potential
Nature (%) Index 0.425 Swell %
Very High | >70 >45 >3200 >5.0
High >70 >45 2200-3200 2.5-5.0
Moderate | 50-70 25-45 1200-2200 0.5-2.5
Low <50 <25 <1200 <0.5
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