LONG-TERM VS SHORT-TERM BEARING CAPACITY OF SHALLOW
FOUNDATIONS IN CLAYS
Summary Findings

CONSORTIUM FOR EDUCATION AND RESEARCH IN GEO-ENGINEERING PRACTICE
Texas A&M University

Research Supervisor: Jean-Louis Briaud (briaud@tamu.edu)
Researcher: Erick Christian Cruz
Project period: November 2021 — October 2022

Background:

The ultimate bearing capacity, p., of shallow foundations in clays varies from a short-term value
as the foundation is constructed to a long-term value many years after construction. The short-term
value is often referred to as an undrained loading condition and the long-term value to a drained
loading condition. For an undrained (short-term) loading condition, the ultimate bearing capacity
is determined using Skempton’s equation which is mainly a function of the undrained shear
strength Su. Empirical correlations using field test data (i.e., SPT, PMT, and CPT) also exist to
estimate the ultimate undrained bearing capacity of clays on the basis of direct equations. On the
other hand, for a drained (long-term) loading condition, the ultimate bearing capacity is determined
using the general bearing capacity equation which is mainly a function of the effective cohesion
¢’ and effective angle of friction ¢’. The CERGEP members requested a study on the ultimate
bearing capacity of clays to determine which ultimate bearing capacity equation should be adopted
in practice.

What the Researcher Did:

A database (TAMU-SHAL-CLAY-Load Test) of 97 shallow foundation load tests in clays was
assembled to compare the measured ultimate bearing capacity from a load test to the calculated
drained and undrained ultimate bearing capacities. In addition, a parametric analysis using actual
shear strength data, S, on one hand and c¢’-¢’ on the other, obtained in the Houston area was
performed to compare the calculated undrained and drained ultimate bearing capacities.

A probabilistic analysis was also performed to determine the multiplier a necessary for the
predicted ultimate bearing capacity pult,p to be 90% of the time less than the measured ultimate

bearing capacity value pui,m: Prob(a X Puiep < pult,m) = 0.9.
What the Researcher Found:

Overall, it is found that the general bearing capacity equation using ¢’ and ¢ " effective stress shear
strength parameters gives predicted ultimate bearing capacity values, p.i, which are larger than the
puir values obtained from the use of the undrained shear strength and the Skempton equation except
when Su > 2.5 ksf or 120 kPa. Based on a 97 load tests database, it is found that the two best
methods to estimate the short-term ultimate bearing capacity of shallow footings are the use of S,



based on the UU laboratory test together with Skempton method and the use of the pressuremeter
limit pressure p; together with the direct equation.
Puit = NcSu(UU) + yD

Puit = 0.9p, + yD

These two equations give average values of the predicted over measured short term ultimate
bearing capacity ratios equal to 0.89 (UU) and 1.05 (p.) with R? values equal to 0.9 (UU) and 0.94
(PMT py). The use of the S, values from CU tests gave an average of 0.97 with an R? of 0.94 which
is better than the results for the UU derived approach but the CU database has much less data than
the UU database. The use of a reduction factor equal to 0.70 for the UU Skempton approach and
0.70 for the PMT pL direct approach leads to predicted ultimate bearing capacities which are 90%
of the time less than the measured ultimate bearing capacities. This leads to the following design

equations
Puit = 0.7N Sy + 0.7yD

Puit = 0.63p, + 0.7yD
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