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  الرحیم الرحمن االله بسم



Main Topics 
1- Introduction, Definition 

2- Three phases soil system 

3- Soil evaluation 

4- Sampling 

5- Laboratory geotechnical testes 

6- In Situ geotechnical testes 

7- Ground water related soil foundation 

(Porosity, Permeability, Flow, Hydraulic 

Gradient, …). 

8- Engineering Classifications of soils 

9- Problematic soils 

 



• Difinations:  

Mechanics of materials is a branch of 

engineering that deal with stresses and 

properties of materials.  

Steel & Concrete: homogeneous (same 

composition throughout), isotropic (same 

directional properties throughout), Lab. 

Testing. 

Rocks & Soil: inhomomgeneous & 

anisotropic, both Lab. and field Testing.  



Definitions: 

• Soil is composed of individual particles 
with differing sizes, shapes, and mineral 
composition.  

• The engineering properties of soil depend 
on how these individual particles behave 
as a mass. 

• For Engineering purposes, it is useful to 
anticipate the behavior of a soil mass 
based on ist soil classification.  



Three phases soil system: 
1- Solid phase 2- Liquid phase 3- Gas phase 



Soil evaluation: 
 

1- Residual soils (Weathered) 

2- Transformed soils (Detrital, 

mechanical, organic,..) 

 



Sampling 

i- undisturbed samples.  

ii- disturbed samples 

i- undisturbed samples: 

Undisturbed samples retain the in situ soil 

structure and the in situ water content, they are 

suitable to determine water content, density, 

stress history, compressibility, stress-strain and 

strength characteristics and flow properties.  



Undisturbed samples obtained from block 
samples, that have been cut by hand at the 
bottom or from the sides of trial pits or by special 
devised samplers. 

 

Disturbed samples are representative of the 
particle size distribution, but the structure has 
been destroyed and significant changes of the 
water content have occurred. They are suitable 
for classification tests and compaction tests. 

Samples obtained from trial pits, augers, etc. 

 

 



• Samples are classified into five classes 

depending on their quality, according to 

the information that can obtained from 

them.  
1- class 1: classification tests, water content, density, 

stress-strain and strength, compressibility, stress history, 

flow properties. (must be undisturbed sample) 

2- class 2: limited to classification tests, water content, and 

density. (must be undisturbed sample) 

3- class 3: classification and water content tests. 

4- class 4: classification tests.  

5- class 5: limited to soil identification.   



• Engineering classification of soil are based 
on texture and plasticity. 

• Gradation of soil is a common means for 
describing the particle size distribution 
present in soil.  

1- Grain size analysis: 

     a- Sive analysis 

     b- Sedimentation analysis 

2-  Consistency (Atterberg limits) test 

      (Plasticity) 



1- Grain size analysis: 

Coefficient of uniformity (Cu) 

Cu = D60/D10  (must be greater than 4 for gravel, and greater than 6 for sand) 

D60: the particle size diameter for which 60 percent of 

       the sample was finer. 

D10: the particle size diameter for which 10 percent of 

       the sample was finer. 

Coefficient of curvature (Cc) 

Cc = D30
2/D10 * D60    (must be between 1 and 3) 

D30: the particle size diameter for which 30 percent of 

the sample was finer. 



 

A: well-

graded 

(poorly 

sorted) 

B: poorly 

graded 

(well 

sorted) 

C: skip 

or gap-

graded 



2-  Consistency (Atterberg limits) test 

      (Plasticity): 

 

 







 

Plasticity Index (PI) = Liquid limit (LL) – Plastic limit (PL) 



 



Soil compaction 

Types of soil compaction: 

1- Dynamic compaction 

2- Kneeding compaction 

3- Static compaction 

4- Vibratory compaction 



Dynamic compaction 

Proctor tests: 

1- Standard Proctor test 

2- Modified Proctor test. 

 



Standard Proctor test 

 

 



 



 



Index of compaction: (I comp) 

= Dry Density (in situ) / Maximum Dry 

Density (in proctor test) 



Soil classifications 

1- Particle size classification 

2- Textural classification 

3- Highway research board (H.R.B) 

classification 

4- Unified soil classification 



1- Particle size classification 

 



2- Textural classification 



3- Highway research board (H.R.B) 

classification 



4- Unified soil classification 



Unified soil classification 





Problematic soils 

 
Definition of Problematic soils (Difficult soils): 

Types of problematic soils: 

1- Soft clay soil (normally consolidated Clay, 

Organic soil, Peat, Muck, Sabkha)   

2- Expansive or swelling soil (shale, Mudstone, 

Claystone, Marl) 

3- Collapsing soil (Loss, cohesive sands,  sand 

dunes, loss granular soil) 

4- Fills 



 


