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Background:
The Modulus of Subgrade Reaction (MSR) is used to obtain the settlement, pressure, shear and
bending moment in mat foundations. It is defined as the ratio between the pressure p at a point
under a foundation and the settlement s of that foundation at that point under p.

k=2 (1)

s

The advantage is simulation simplicity; the disadvantage is that the MSR is difficult to obtain as it
depends on several parameters involved in the soil-structure interaction problem. Different
practices exist to obtain the MSR and the purpose of this project was to evaluate current practice
and develop guidance on how to best obtain the MSR value.

What The Researchers Did:

A database of MSR values from 152 plate tests on sand and on clay is collected and organized as
well as from 48 large mat foundations also on sand and on clay. The data between plate tests and
large mats is analyzed and compared to recommendations by Terzaghi and Bowles. In a second
part, a parametric study is undertaken to quantify the influence of the choice of the MSR on the
settlement, pressure, shear and bending moment of mat a simplified full scale mat foundation. In
a third part the Finite Element Method is used and compared with the results of the MSR approach.

What The Researchers Found:
The modulus of subgrade reaction k approach is a practical approach to estimate the behavior of a
mat foundation subjected to loads. The data presented led to the following conclusions.
e kisnot a soil property; it increases with the soil modulus but decreases with the mat width.
Like the soil modulus, k is a function of the mean stress level and mean strain level
e The analysis of a database of 152 plate load tests and 48 large mat foundations indicated
that the k values from the plate tests are typically 10 times larger than the k values from
the large mats. The plots of the k values vs sy for clay and vs N for sand do not show any
reasonable correlations.
e The product kB correlates better with the soil properties s, and N. The following equations
give a lower bound of the k values.
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e Terzaghi and later Bowles made recommendations to correct the k values for different mat
sizes. The database indicates that Terzaghi’s equation for mats on sand gives k values much
higher than the measured k values. The database indicates that Terzaghi’s equation for mats
on clay gives lower to much lower values of k compared to the measured k values. The
database indicates that Bowles equation for mats on sand and on clay gives values that are
higher for smaller mats to much higher for larger mats than the measured k values.

e The parametric study using the MSR approach showed that increasing the k value from
1000 kN/m? to 14,000 kN/m? has no influence on the shear force in the mat, little influence
on the pressure distribution under the mat, much influence on the bending moment in the
mat (reduction of 40%) and a direct linear influence on the settlement.

e The parametric study using the Finite Element Method (FEM) showed that

o The FEM gives maximum bending moment much higher than the MSR approach.
The reason is that the mat curvature is much larger in the FEM-Elastic solution.
When the MSR values are increased near the mat edges it is possible to match the
maximum bending moment given by the FEM.

o The maximum bending moment decreases when the soil modulus increases

o The FEM confirms that the shear force diagram is largely unaffected by varying the
mat thickness, the mat size and the soil modulus.

o The relative rigidity RR quantifies the stiffness of the mat over the stiftness of the
soil. As RR increases so does the maximum bending moment. Most of the mat
foundations simulated in this work fit in the RR value of the flexible mat behavior
range.

e There are many flaws in the MSR approach including:

o A constant k value under the entire mat leads to lower maximum bending moments
than those obtained by the FEM-Elastic solution.

o For arelatively uniform load distribution on the mat, it is necessary to increase the
MSR values near the mat edges to match the maximum bending moment given by
the FEM-Elastic solution.

o The more flexible the mat foundation is, the more the curvature of the settlement
profile is while the more uniform the pressure is. This is not the case with the MSR
as the settlement and the pressure are tied by the MSR value and vary
proportionally.

o The shear transfer existing in the soil is not represented in the MSR as the spring
do not transfer the soil shear resistance.

o The MSR is not a soil property only as it depends also on the width of the
foundation.

e The recommended way to obtain the k value is for the geotechnical engineer to perform a
settlement analysis of the mat foundation. The use of correlation equations is not
recommended as the scatter is significant and the mean predictions are far from the
measured mean values.
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Fig. 1 — Mat on soil mass simulated with the Modulus of Subgrade Reaction (MSR) method
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Fig. 1 — Modulus of Subgrade Reaction k as a function of foundation width B for sand
deposits.
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Fig. 2 — Modulus of Subgrade Reaction k as a function of foundation width B for clay
deposits.




