GEOTECHNICAL ENGINEERING IN RESIDUAL SOILS 

University of Chile, Santiago

PART 1: WEATHERING PROCESSES AND SOIL FORMATION

1.1 Weathering Processes.

The weathering processes that convert rock into soil are generally a combination of physical and chemical processes. 

Physical weathering may be one of two types:

(a) Erosion – by the action of glaciers, water of wind. 

(b) Disintegration – caused primarily by wetting and drying, or by freezing and thawing in cracks in the rock. 

These processes produce a range or particles of varying sizes, which are still composed of the same material as the parent rock. The grinding action of glaciers tends to produces a very fine grained material generally known as rock flour. 

Chemical weathering processes are much more complex and involve chemical changes to the mineral content of the parent rock due to the action of percolating water, oxygen and carbon dioxide. The process will be accelerated if the percolating water contains traces of alkali or acid. This chemical weathering results in the formation of groups of particles of varying sizes and properties, known as clay minerals. These particles are generally crystalline in form and are of colloidal size ie less than 0.002mm. The most common clay minerals are identified by the names kaolinite, illite and montmorillonite, but less well known clay minerals of special importance in volcanic areas are halloysite and allophone/immogolite. 

The chemical processes are complex and not of direct interest or concern to geotechnical engineers – it is the properties of the end product that are of direct interest. The particular clay mineral to be produced in any given situation appears to be dependent on both the parent rock and the weathering environment, in particular whether the site is well drained. and whether the percolating water is acidic or alkaline. Kaolinite for example is formed from feldspar by the action of water and carbon dioxide. Quartz is one of the minerals most resistant to weathering, so that soils weathered from granite tend to have a substantial proportion of coarse quartz particles within a matrix of finer material. 

Solution and leaching are likely to be important components of the weathering process in most situations. The weathering process which converts rock to soil almost always means a reduction in the density of the material – this means that material is being removed in some way, leaving voids filled with water in its place. An extreme example of solution is the weathering of limestone; limestone does not actually “weather” like other rocks - it simply dissolves in water percolating through it, or over it. With some rocks, especially sedimentary formations, the weathering processes may simply involve the solution and removal of “bond material” between particles and the conversion of a cemented material into an un-cemented material. With some sandstones or clay-stones, the removal of the bond material may also release active clay minerals that already existed in the parent material, but were rendered inert by the cementation bonds between particles. In other words, the clay minerals were “locked” into the rock by bonds between particles and could not behave in their normal manner. The weathering process which occurs in tropical countries known as “laterisation” is also essentially solution and leaching out of silica by percolating water, and a consequent concentration of iron and aluminium compounds.   

The weathering of volcanic ash deposits is a special case that does not conform to the normal understanding of the weathering process  (ie as a process which starts at the rock surface and progresses vertically downward). Because volcanic ash deposits are built up in layers from a series of eruptions and form in well drained areas, the weathering process can continue to take place at great depths. Weathering may thus be more advanced at depth than at the surface, simply because the deeper deposits have been undergoing weathering for a longer period of time than the fresher deposits at the surface. 

It is worth noting that the weathering process is different in hilly, well drained areas, to flat poorly drained areas. Weathering in well drained areas tends to produce soils with good engineering properties while weathering in poorly drained areas tends to produce soils with undesirable engineering properties. This is illustrated in Figure 1.1. 
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Figure 1.1.1 Relationship between topography and weathering process.

1.2 Weathering Profiles 

The most well known weathering profile is that which was put forward by Little (1969). This is shown in Figure 1.2.1. 
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          Figure 1.2.1 Weathered soil profile and classification based on degree of weathering. 

This profile is typical of many weathered igneous rocks in a tropical environment, especially granites, where weathering starts and progresses along the discontinuities in the parent rock. However it is important to realise that this profile should not be expected with all formations. With some rock types, the boundary between fresh rock and completely weathered rock may be quite abrupt. Even with some igneous rocks the transition zone can be quite thin; this appears to be the case with basic rocks, such as basaltic lahar or lava flows.  The question of weathering profiles will be discussed further in a later section of this course dealing with description and classification of residual soils. 

The term saprolite should be noted at this point. It is used by some geologists and geotechnical engineers to describe the zone of weathering between rock and soil; this would probably include zones lll to V in Figure 1.1. The criteria for a soil to be described as saprolite are the following:

(a) it is a soil in the geotechnical sense

(b) it exhibits clear inherited structural features which make possible the identification of the parent rock.

(c) it is authentically residual, meaning it is derived directly from the weathering of the rock below it. In other words it forms part of the weathered profile from the parent rock. 

These criteria are put forward by the Committee on Tropical Soils of the ISSMFE (1985)

1.3 Erosion, transportation, and re-deposition.  

The action of rainfall is to erode the surface of the weathered rock and transport the weathered material by stream and river until it reaches “still” water, in the form of an ocean or a large lake. Here it will settle out and form a deposit on the sea bed or lake bed. The process is illustrated in Figure 1.3.1.  The soil formed directly from the weathering of the underlying rock is called a residual soil, and the soil built up in layers by deposition in the sea or a lake is called a sedimentary or transported soil.
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                                                     Figure 1.3.1 Soil formation processes. 

Sedimentary soils may undergo a great deal of compression or “consolidation” as additional layers are deposited above them; they may also experience uplift as a result of tectonic movement and end up again as dry land many metres above sea level. A second cycle of erosion may then occur and much of the upper layers may be removed. As we are well aware, soils which have not had any removal of overburden material are called “normally consolidated”, while those that have experienced unloading are known as “overconsolidated” soils. 

It is perhaps worth noting that not much chemical weathering continues after the soil has been re-deposited; the minerals it consists of are the result of the original weathering process that converted its parent rock to soil.  

     Soil mechanics grew up in northern Europe and North America, and most of its concepts regarding soil behaviour were developed from the study of sedimentary soils. In fact, most of the early concepts came from the study of remoulded soils and involved investigating the influence of stress history on their behaviour, in the belief that this was simulating the influence of the stress sequence to which the soil is subject during its formation processes. Most textbooks and university courses on soil mechanics place considerable emphasis on stress history – and soils are divided into normally consolidated and over-consolidated on this basis, and behavioural frameworks are developed around this stress history concept. 

     This might be appropriate if all soils were sedimentary soils. This is clearly not the case. Large areas of the earth consist of residual soils, and the application of concepts coming from sedimentary soils may or may not be relevant to these soils. It is interesting to note that very few textbooks, and probably very few university courses on soil mechanics, even mention residual soils, let alone give an  account of their properties. 

The implications of the statement in the above box will be pursued and discussed during the remainder of this course. 
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