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Origin of Soil:

duction▪ For Geologist, soils means unconsolidated material.  In 

civil engineering, soil is defined as a collection of 

mineral particles that was formed due to the weathering 

process of igneous rock and mixed with organic matter. 

▪ The void between particles is filled with water and gas.  

▪ Cementation among the particles is weak and is due to 

carbonation and oxidation between particles and organic 

matter.



Types of Soil

Parent Rock

Residual soil Transported soil

in situ weathering                             

(by physical & chemical agents) of 

parent rock

weathered and 

transported far away  by 

wind, water, ice



Weathering Classification



Transported Soils:  Rock and Soil particles are 

transported in other locations by: 
• glaciers (glacial soils), 
• running water (alluvial soils), 
• quiet water (lacustrine soils), 
• sea water (marine soils), 
• wind (aeolian soils), 
• gravity (colluvial soils). 

Alluvial soils retain the most groundwater 



Soil Texture

In general, soil characteristics is highly depends on the grain size 
characteristics which was influenced by the history and the process of soil 
formation.  The size varies from 100 mm to less than 0.001 mm.  Based on 
the particle size, soil can be grouped as:
• Coarse Grained (Gravels, Sands)
• Fine Grained (Silts)
• Fine Grained (Clay)
• Organic soil

REVIEW: SOIL CLASSIFICATION: 
BS, ASTM, AASHTO  etc. 
(including lab tests for soil classification purposes).



Soil Texture

In general, soil characteristics is highly depends on the 
grain size characteristics which was influenced by the 
history and the process of soil formation.  The size 
varies from 100 mm to less than 0.001 mm. 

Based on the particle size, soil can be grouped as:

• Coarse Grained (Gravels, Sands) --- COHESIONLESS

• Fine Grained (Silts and Clay) -------- COHESIVE

• Organic soil (Peat)



Cohesionless soil:

The structures generally encountered in cohesion-less soils can be 
divided into two major categories: 

(a) single grained; 

(b) honeycombed

• The single grained structure is more stable because each particle 

is in contact with other particles. 



Cohesionless soil:

• The density of packing depends on the size, shape 

and distribution of particles and their relative positions.  

• For simple cubic packing e = 0.91,  while for pyramidal 

type e = 0.35.

• Thus the behavior of cohesionless depends on the 

particle size and packing

Loosest Densest



Cohesive soil:

Contain more than 30% (by weight) clay size particles
Parts of the clay particles are clay minerals
Clay minerals govern soil behavior

What are clay size particles?
Particles less than 2 mm in size
Contain clay and non-clay minerals
Has plasticity → Use Atterberg Limits to determine

Clay particles exist in the form of platelets or sheet.  Ends of these 

particles have a positive charge, while its surface is negatively charge.  

If clay is mixed with water, then the particles will move away from each 

other.  Then the particle will form sediment, or flows in water.  



Clay: What are clay material?Cohesive soil:

If the sediment has a loose structure and, 

• the particles arrangement is parallel to each other, it is called 

dispersed.

• If the particles form a right angle to each other, then it is called 

flocculent. If salt is added in the clay-water solutions, then it is  

called salt flocculated (Marine soils)

Flocculated sediment has higher void ratio and less specific gravity. 

Soil structure formed in marine environment is highly flocculent; thus 

highly compressible.



Important groups of clay mineral

1. Kaolinite, Not expansive, formed by several sheets composed of one  silica 
and one alumina atau gibbsite.  This mineral is usually called 1:1 Layer 
mineral.  The chemical composition of this mineral is Al2Si2O5 (OH)4.  Two 
members of this family is  kaolinite and serpentine.  Other mineral that 
comes in the same form is Halloysite.

2. Mica: e.g. llites and vermiculites, sometimes expansive, referred as 2:1 layer 
mineral because it contain two  silica and one alumina .  Potassium atom 
exists between the layers.  Member of this group is Illite, with chemical 
composition : Ky.Al2.(Fe2.Mg2.Mg3).(Si4-y.Aly).O10(OH)2 where y varied 
from 1.0 to1.5.

3. Smectite, e.g: montmorillonites, highly expansive.  This mineral  is referred as 
2:1 layer mineral composed of two silica dan one alumina. The chemical 
formula of montmorillonite is:  Al2.Mg(Si4O10)(OH)2.xH2O. Montmorillonite 
is smaller in size as compared to illite dan kaolinite.  The shape is platy with 
the thickness of 0,001 micron and length of   0,003 micron. The small size 
makes montmorillonite is highly plastic and very active.  The cation exchange 
capacity of montmorillonite is  0.8–1.5 mequiv/gram.
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Klasifikasi Tanah

Distribusi ukuran butiran tanah
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For particles smaller than 0.075 mm (ASTM) or 0.063mm (BS), the 

distribution can be determined by sedimentation principles (hygrometer, 

pipette, buoyancy methods). Fine grained soils is also further classified 

based on consistency through Atterberg Limit test (LL and PL) 

0.075mm
4.75mm

300mm0.002mm

Coarse grainedFine grained

Clay              Silt                          Sand                   Gravel        Cobbles



Atterberg Limits
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Penentuan batas cair






