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ACEG434 FOUNDATION ENGINEERING 
 
Site investigations for foundation design 
 
Objective 
 
In this lecture we will learn how to perform site investigations to determine the soil 
parameters needed to carry out foundation design. 
 
Introduction 
 
As you learned in Geology, before we carry out any design work for a new civil 
engineering project, we must investigate the ground under a site. We need to find out 
what type of soil exists under a site and to measure its engineering properties. 
 
In foundation design, of course, it is essential to have stiffness and strength 
parameters for the soil under the proposed building. These parameters will come 
from the site investigation. 
 
Purpose of the site investigation 
 

• To select a suitable type and depth of foundation. 
• To predict the bearing resistance of the foundation. 
• To predict the settlement of the foundation. 
• To determine the depth of the water table. 
• To identify potential problem soils (e.g. expansive soil, collapsible soil, 

landfill). 
 
The two most important soil parameters needed for foundation design are: 
soil strength (cu for foundations on clays, φ′ for foundations on sands) to calculate the 
bearing resistance of the foundation, and 
soil stiffness to calculate the settlement value for the foundation. 
 
A third parameter which we need is the weight density γbulk of the soil. 
 
How deep to investigate? 
 
Before starting the site investigation, we need to decide how deep to investigate and 
how many holes to bore. The soil under a foundation supports the foundation, so we 
need to investigate to some depth under our proposed foundation. 
 
To plan our site investigation we must first estimate the foundation loads and then 
the size and type of foundations needed to support those loads. To estimate loads 
from a reinforced concrete framed building it is common to use a preliminary value of 
about 12.5kN/m2 per storey. A quick calculation or experience could then be used to 
estimate an appropriate size and depth for the foundation. 
 
With our estimated foundation, we use elastic solutions (such as Fadum’s charts 
from Soil Mechanics I) to estimate the depth at which the change of stress in the soil 
∆σ′ equals 0.1q (where q is the foundation pressure). We assume that at bigger 
depths, where ∆σ′ is smaller than 0.1q, the stress change is so small that we do not 
need to investigate the soil. 

 

2 

Example: the foundation load from a proposed building will be 300kN. It is estimated 
that a 1.5m square pad foundation at 2.5m depth will support the foundation load on 
this soil. 

 
From Fadum’s chart it is estimated that under the centre of the foundation the stress 
change in the soil ∆σ′ equals 0.1q at a depth of about 3m below the foundation. 
 
Since the estimated foundation is already at 3m depth below the surface, the stress 
change in the soil ∆σ′ equals 0.1q at a total depth of 3.75m + 3m = 6.75m. 
 
Therefore, in our site investigation we should bore to a depth of at least 6.75m. 
 
 
If a proposed building has a basement, then as a general rule we should bore to a 
depth of at least 1.5 times the depth of the basement excavation. 
 
Borehole spacing 
The spacing of boreholes depends on many factors such as the variability of soil 
under a site, how hazardous is the geology under a site, the size of the site. 
Generally, boreholes are about 10m – 30m apart for a multi-storey building and 250m 
– 500m apart for a highway or large housing development. 
 
Soil sampling or in-situ testing? 
 
Another decision to take when planning the site investigation is how to test the soil to 
find its strength and stiffness. There are many methods of testing a soil “in-situ”. 
Alternatively, you can “sample” the soil, that is bring it to the surface and take it to a 
laboratory for testing. There are advantages and disadvantages of each method, as 
you learned in Geology. 
 
Generally, the strength and stiffness of sands and gravels is tested in-situ because it 
is difficult to take samples without disturbing the soil. The strength and stiffness of 
clays and silts is usually tested in a laboratory because undisturbed samples can be 
taken more easily and the drained properties of clays and silts could take months to 
determine in-situ. 
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When you plan the site investigation, you need to decide how many times you will 
take samples of soil or carry out in-situ tests. Again, it depends on the variability of 
the ground and how hazardous the geology is. 
 
We will learn more about in-situ testing and laboratory testing in the following lecture. 
 
Measuring the groundwater 
 
As you learned in Soil Mechanics, water in soil has a big effect on its behaviour. It 
reduces the strength of a soil by increasing pore pressure and reducing effective 
stress. The rising and lowering of the groundwater level can also cause swelling 
(increase in volume) and shrinking (decrease in volume) of some soils which will 
damage buildings if the foundations have not been designed correctly. 
 
In foundation design it is therefore very important to find: 
 

a) the depth to the groundwater level 
b) and perhaps how much the groundwater level moves up and down during the 

year. 
 
If water is encountered in a borehole its depth must be measured and recorded. The 
water level may rise as water flows into the borehole so it must be left to stabilise, 
preferably for 24 hours. When the water level has stabilised, it is recorded again as 
the depth to the water table. 
 
In clays it may take weeks for the water level in the borehole to stabilise. In such 
cases a piezometer is installed. A piezometer is also installed if we want to measure 
the depth to the water table over a period of time, e.g. through seasons of the year. 
 
A piezometer is basically a plastic tube which is placed into the borehole. It has small 
holes along the tube to allow groundwater to flow in and out of the tube as the water 
table moves up and down. The borehole is backfilled around the plastic tube. 
 
The depth to the water table is measured with a special tape measure that makes a 
sound when one end touches water. 
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