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Determination of odometric elasticity model and the settlement
behaviour for soft soils in saturated and unsaturated state

Maha Abu Saada

Geotechnical Department Civil Engineering, Damascus University.

Abstract

Soft soils are considered difficult soils to study, especially in terms of the
settlement concept and its stages. Study of settlement requires a set of basic
assumptions within the theory of elasticity according to the theory of
Terzaki, who considered that the soil is linear elastic and has homogeneous
properties and it is in a state of complete saturation.
. However, in fact, soft soils are found under engineering buildings with
Recelved:. 177412022 natural moisture, that is in a state of partial sgturatior?, which gallows
Accepted: 6/6/2022 researchers to enter into a large scientific field to determine the behaviour of

this condition and compare it with the results of Terzaki’s theory of the concept
@ @@@ of settlement.

Aim of presented research was to study the behaviour of soft soils, in
saturated and unsaturated states, using the experimental method, on 15
damaged samples of soft soils to study them in the state of full saturation, and
15 samples to study them in the state of partial saturation. The samples were
formed using a regular proctor test according to ASTM requirements. Also, a
compressibility experiment was chosen to determine the values of settlement
and oedometric modulus of elasticity, E oed.
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(Fredlund M D 1999), (Noor Md., MJ. Jidin R.
Mat., Hafes M.A. 2008).
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LS Aradial) cligal) 4ilSaally Aljadll Gailuadll (1) Jgaad

45 all) 4y 8 45 galll as gl as gLyl da Apalisall Jalaa e o) il eaall 34l Azl 44 5l )
29.78% 24.36% 54.14% 91.20% 0.734 2.69 1.937 24.89%
27.90% 20.22% 48.12% 92.16% 0.618 2.67 2.02 22.33%
28.98% 26.59% 55.57% 94.78% 0.735 2.7 1.958 25.81%
37.60% 35.66% 73.26% 99.58% 0.92 2.7 1.881 34.12%
29.29% 27.38% 56.67% 92.85% 0.76 2.71 1.94 26.03%
26.21% 21.43% 47.64% 93.27% 0.634 2.68 2.018 21.25%
30.92% 29.57% 60.49% 91.18% 0.843 2.72 1.89 28.26%
37.41% 33.47% 70.88% 100.0% 0.884 2.69 1.897 32.87%
36.39% 29.94% 66.33% 92.30% 0.86 2.69 1.87 29.62%
27.35% 21.65% 49.00% 94.76% 0.648 2.67 1.993 22.98%
17.06% 30.11% 47.17% 96.79% 0.81 2.7 1.92 29.03%
27.82% 22.86% 50.68% 93.87% 0.67 2.68 1.982 23.44%
35.85% 32.26% 68.11% 94.12% 0.92 2.71 1.86 31.94%
26.32% 23.98% 50.30% 91.21% 0.704 2.69 1.956 23.87%
34.37% 31.88% 66.25% 99.47% 0.823 2.72 1.94 30._11%
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(mm) (Kglem?) W %35kl
0.5298 19 24.89

0.469 31 22.33
0.626 23 25.81
1.098 11 34.12
0.624 23 26.63

0.51 31 21.25
0.618 18 28.26
1.076 13 32.87
0.775 16 29.62
0.566 31 22.98
0.352 27 29.03
0.597 296 23.44
0.957 14.8 31.94
0.561 28 23.87
0.915 15 30.11
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%29.78 %?24.36 %54.14 %73.68 0.688 2.69 1.886 %18.34
%27.90 %20.22 %48.12 %79.43 0.622 2.67 1.942 %18.00
%28.98 %26.59 %55.57 %74.43 0.7 2.7 1.893 %19.21
%37.60 %35.66 %73.26 %70.69 0.635 2.7 2.049 %24.12
%29.29 %27.38 %56.67 %76.76 0.682 2.71 1.933 %19.98
%26.21 %21.43 %47.64 %78.47 0.627 2.68 1.945 %18.11
%30.92 %29.57 %60.49 %77.09 0.71 2.72 1.91 %20.20
%37.41 %33.47 %70.88 %72.62 0.638 2.69 2.034 %23.87
%36.39 %29.94 %66.33 %72.99 0.651 2.69 1.981 %21.62
%27.35 %?21.65 %49.00 %79.20 0.692 2.67 1.865 %18.20
%17.06 %30.11 %47.17 %63.04 0.715 2.7 1.862 %18.30
%27.82 %?22.86 %50.68 %77.86 0.697 2.68 1.867 %18.25
%35.85 %32.26 %68.11 %79.76 0.74 2.71 1.9 %21.71
%26.32 %?23.98 %50.30 %79.05 0.665 2.69 1.921 %18.87
%34.37 %31.88 %66.25 %71.17 0.674 2.72 1.973 %21.43
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0.4 62.7 18.34
0.346 99.75 18.00
0.406 57 19.21
0.56 18.9 24.12
0.442 51.3 19.98
0.343 91.2 18.11
0.497 22 20.20
0.543 19.4 23.87
0.512 28.6 21.62
0.331 84.36 18.20
0.355 85.5 18.30
0.378 86.4 18.25
0.534 21 22.94
0.42 79.8 18.87
0.51 31.4 21.43

Jsaall 3 A Allall odgl dplaliiady) dujas il Ll

(4)

£ e alall il dgl iyl (alea ad i yis Al
385 sl g yall Jalaa aad 535 (o Lo Al

Ta<5



(St yi

il gLyl Al £ L) illan AUl cuill Jagagl dglug Sriagas¥) Aigyall Jalaa o

o3 O Lo )il @il (ymymy Lndd (6) Jsanl 3
oillall SUST g el Jalas
QU (58 Ligpal Jalan A5l (6) Jgaad)

) E ] E FIP RN
Wi dmsdiall Qipll | LIS dnuiial) il %
62.7 19 54.14
99.75 31 48.12
57 23 55.57
18.94 11 73.26
51.3 23 56.67
91.2 31 47.64
22 18 60.49
194 13 70.88
28.6 16 66.33
84.36 31 49.00
85.5 27 47.17
68.4 29.6 50.68
21 14.8 68.11
79.8 28 50.30
314 15 66.25
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0.4 0.5298 54.14
0.346 0.469 48.12
0.406 0.626 55.57
0.56 1.098 73.26
0.442 0.624 56.67
0.343 0.51 47.64
0.497 0.618 60.49
0.543 1.076 70.88
0.512 0.775 66.33
0.331 0.566 49.00
0.355 0.352 47.17
0.378 0.597 50.68
0.534 0.957 68.11
0.42 0.561 50.30
0.51 0.915 66.25

7346



(St yi

il gLyl Al £ L) illan AUl cuill Jagagl dglug Sriagas¥) Aigyall Jalaa o

g i lelya) allaing Slg e Gud Lis dav il
doai ¥ Gy sl e ddailaal) el el
il (e agle Bl e ) 1aa g LusY) dal
e Caad Ldgal) olaall als Ll dada ) oLl
sl o3a & dasde yu L5 o ddiladll Gl il

rol sl Al bl

Agrdl 2 et EJL:DC.A o=atlin By 4yl Jalas B -1
Gaadall e daadiall declil) copll ellyg LL

Coill i 5T LIS da i) dae ) ayill agagll aad =2
A deadal) daclill

e sl o qoplaall (it pLall e 2y Y Sl
S Lgilaey colatll i il ore aShl (gyal Gl
bt Glle ) W e Lilas) aluy s 6

Lolad) CalKa 4l untiene 1l ] albuagill-5
s Ll alSie 8 Lage Saie W <3 Gl 1a
Al ggnsal Gyl Y (Ljgur (B Aol Clshadl (ga B9l
Al ) oy eenigh kil aal) adlgll A8
Lol Gailad e Sl (Wl Sl (5309 cAariiall 58
o e dalal) o i) oy gl LSl Ll

Reference :zalali-6

Al gae daale 48y

Soil Mechanics T.H. WW 1966.
Das B M (2006). Principles of geotechnical engineering. 5thedition, THOMSON, Australia, chapter 10,
pp.259, 269-293.

. Fredlund M D (1999). The Role of Unsaturated soil property Functions in the Practice of Unsaturated Soil

3
Mechanics. PhD Thesis, Chapter 3, pp.29-30.

4. Noor Md., MJ. Jidin R. Mat., Hafes M.A. (2008). Effective stress and complex soil settlement behaviour.
EJGE, volume 13, pp. 1-4.

5. Fredlund D G (1996). The Emergence of Unsaturated Soil Mechanics. Forth Spenser J Buchanan Lecture,
Texas A & M, College Station, Texas, November 8, pp.8-14.

6. Georgiadis K (2003). Development Implementation and Application of Partially Saturated Soil Models in
Finite Element Analysis. PhD Thesis, Chapter 2, pp. 21-33, pp. 70.

7. Lambe T W, Whitman R V (1969). Soil mechanics. Joein Wiley & Sons, New York, chapter 27, pp 404.

8. Giulia Scelsi, et al (2021). Modelling the Behaviour of unsaturated non-active clays in saline
environment. Journal home page : www.elsevier.com /locate/.

9. Rahardjo et al. Geo-Engineering (2019) 10:8. Role of unsaturated soil mechanics in geotechnical

engineering. http://doi.org/10.1186/s40703-019-0104-8.

10.American for Testing and Materials.

7857


http://www.elsevier.com/
http://doi.org/10.1186/s40703-019-0104-8

