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11*2 Seotion Et STRESS DISTRIBUTION IN SOILS

No. E-6 A RATIONAL METHOD FOR THE DETERMINATION OF THE VERTICAL NORMAL STRESSES UNDER FOUNDATIONS

Dr. W. Steinbrermer, Teohnische Hoohsohule, Vienna, Austria

The basis for a reliable forecast of the settlement 

of a struoture is the determination of the stresses in the 

underground, caused by the load. To give an idea of the 

extent of this preparatory work, it may be mentioned that 

for every point of the foundation, where the settlement is 

to be predicted, the function representing the variation 

of the vertical normal stress CT with the depth must be 

known. With this function determined the settlement of 

the point in question is given by,

where z is the depth under the base of the foundation

and a an empirical coefficient, determined in the 
1+-E

laboratory. As a varies both with the material and 
1 +  £.

the depth, the integration ie diffioult to carry out, how

ever, a graphical integration generally suffices. It is 

further to be noted that, in the case of cohesive soils 

•with low permeability, the total computed settlement •will 

only be reached in the course of several years, 

j In order to arrive at even a rough approximation of

the stress distribution in the underground (l) (Numbers 

: refer to Bibliography), it is necessary, first of all, for 

; an infinite depth theoretically to replace the generally 

very inhomogenous soil by a homogenous and fully elastic 

material (the elf.stically isotropio, semi-infinite body). 

Under this assumption Boussinesq has determined the ver

tical normal stress in point P (see Fig. la) as caused by 

the conoentrated load Q, acting on the surface of the 

semi-infinite body. If we further assume that the reaction 

of the underground on the foundation structure is evenly 

distributed, we obtain through integration (2), and for 
the various cases of loading shown in Fig. 1., the vertical 

normal stress at the depth o under the bottom of the 

foundation. By determination of the stress distribution 

under a building foundation the case of loading and ap

purtenant formula to be applied depends, not only on the 

type of foundation structure, but also on the distanoe be

tween the particular part of this structure and the point 

in the underground at the moment under investigation. For 
Quadratics! 1 Streifen lost 2 example, we are to determine the stresses in the under

ground close to the foundation structure, then we must 

use the formula for stripload or rectangular load, re

spectively, for wall or column fomdations. On the other 

hand, in greater depth it is possible to replaoe these 

cases of loading by the simpler cases of line load or oon- 

eentrated load, as the curves show (see Fig. 2) that, at 

depths greater than twiee the smallest diameter of the loaded area under consideration, the difference 

in stress caused by the exaot and the simplified ease of loading, respectively, is negligible. At depths 

smaller than the smallest diameter of the loaded area it is, however, absolutely necessary to use the 

exact formulas. Under these conditions an exact stress determination requires a very large amount of 

calculation, and several writers have already published tables and charts, whioh reduoe the amount of 

work and without whioh it, in some cases, would be impossible to carry the work out at all. At the 

soil meohanics laboratory at the TechniBohe Hochsohule in Vienna several such charts for rectangular-, 

line-, and conoentrated loads are in use and will be described in the following.

In the oase of loading shown in Fig. Id, the point P, at the moment under investigation, lies 

exactly under the oorner D of the loaded rectangular square A B C D (see Fig. 3). In explaining the 

method of stress determination to be proposed here, we confine our considerations at first to the ver

tical normal stress at a definite depth z = 0 under point D and obtain the coefficient of influenoe 
(r/cj as a funotion of the two variables a and b. This means that the ooeffioient of influenoe 

is completely detennined by the position of the corner point B opposite to point D . The funotion 

O yn  -  f(a/c#b/c) is shown in Fig. 3 the curves of equal influence. As these curves only de

pend on the ratios a/o and b/c a single influence ohart can be used for the determination of the 

stresses at any depth by just ohanging the scale to which the foundation plan A B C D is drawn. In the
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chart shown in Fig. 3 we call the distance (0 - 1.0) = m 

the unit length of the chart, if the foundation plan is drawn 

to the scale l»x the chart will give us the coefficient of in

fluence for the depth o=inx. In order to determine the 

stresses at other depths, the foundation plan may be drawn to 

various scales, each giving the coefficient of influence for 

the depth corresponding to the scale. However, 6uch a re

drawing of the foundation plan to various scales is unneces

sary, as the same result can be reached in a much easier way.

If we have determined the coefficient of influence in the 

depth c/n we draw a line from the origin to point B and 

extend it to a point B* in n time6 the distance d from 

the origin (OB* = n.OB = n.d) and we can then read the coef

ficient of influence for the depth c/n directly at B*. For 

example, the coefficient of influence for the depth c/2 can 

be read at the distance 2d from 0, for the depth 2o at the 

distance d/2. As subdivision of the distance d is more 

troublesome than multiplication by a whole number it is ad

vantageous to draw the foundation plan to a scale that cor

responds to the greatest depth o at which the stresses are 

to be determined. The asymptotes of the curves in Fig. 3 

represent the influence values for infinitely long evenly 

loaded strips. As the law of superposition here oan be ap

plied, we can use the influence chart even in the more general 

case, where the point P does not lie under a corner of the 

rectangular loaded square. In this case we replaoe the ori

ginal rectangle A^ B^ by four rectangles, each with a 

corner point in 0, and determine the coefficient of influence 

for A^ B^ D^ as the sum of the influence values read di

rectly at A-pB^C^ and D-̂  giving eaoh value its proper

sign according to the position of the rectangle. From this it 

will also be clear, how the charts are to be applied to in

vestigate the stress distribution under a building, the founda

tion of which can be subdivided into a number of reotangles.

For the practical determination of the foundation stresses a 

plan at the level of the underside of the footings is drawn on 

transparent paper and placed on the influence chart in suoh a 

manner that the coordinate axis of the ohart are parallel to 

the sides of the footings, while the origin of the chart co

incides with the point of foundation at the moment under in

vestigation. The total vertical stress is then the sum of the 

various loads multiplied by the respective coefficients of influence.

The process of determination of the stress in a depth z = c under a line load p per unit of 

length is essentially the same as described above. The foundation plan is placed in suoh a way on the 

chart that the point under investigation coincides with the origin 0 and the axis "a" of the ohart 

is parallel to the line load in question. The influence value of a line load with the length a and 

in a distance b from the origin 0, as shown in Fig. 1+ (see also Fig, lb) is read at the endpoint B. 

In order to investigate a line load in a position, where one endpoint does not ooinoide with 0, a 

reading is made for each end and added, the proper sign being considered. After the above explanation, 

also the use of the chart for concentrated loads, the influence lines of which are ciroles, will be 

easily understood*

To make a sufficiently accurate determination of the various possible coefficients of influences, 

the original charts, designed under the supervision of the writer according to the formulas given 

above, are 70/70 cm large (3)« The preparation of these charts required a very large amount of time 

and effort, which however was more than regained in elimination of tedious meohanical computations 

especially when investigating building foundations with a large number of various types of loadings
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3* The complete charts have not been published, but oan be obtained directly from the writer.


