
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Discussion Session 2.1 / Séance de Discussion 2.1  

Design and performance of shallow foundations under static and dynamic loading 
Dimensionnement et comportement des foundations superficielles sous chargement

O.Kusakabe — Tokyo Institute of Technology, Japan

Following the theme lecture by Professor H. G. Poulos on 
“Foundations and retaining structures”, the Discussion Leader,
0. Kusakabe, initiated this session by summarizing 40 papers 
presented to the session and stated the important issues 
surrounding the theme of this session. Some of which are (1) 
which design philosophy should be adopted in designing shallow 
foundations, material factored approach (MFA) or resistance 
factored approach (RFA), (2) whether the use of a 3-dimensional 
yield surface defined in V-H-M space is practically viable for 
design of foundations on slopes; (3) how significant is the cyclic 
loading effect in shallow foundation design, and (4) whether, the 
methods for evaluating settlement of shallow foundation based 
on subgrade reaction concepts should be discarded.

The presentations by the Panellists followed. Professor J. 
Gamier, presented the use of centrifuge model tests in design of 
foundations under static and cyclic loading. The design of the 
Rion bridge in Greece, which has a total length of 2290 meters 
and central span of 560 meters, needs to consider the local soil 
condition of a 500 meters thick deep deposit of weak soils under 
the water depth of 60 to 65 meters and shoulders a risk of 
collision of ship vessels. The piers of the foundations are as 
large circular caissons with 90 meters in diameter, consisting of 
250 steel pipes with 2 meters in diameter and 25 meters in 
length, seated on the 3 meters thick granular layer. Centrifuge 
model test were conducted with instrumented model pipes on the 
Rion clay bed, which were loaded to failure with appropriate 
combinations of shear force and overturning moment. The 
bending moment developed along the model pipes and the pore 
water pressures induced within the model soil foundations were 
examined with respect to the shear force and overturning 
moment. It was emphasized that the prime objectives of 
centrifuge model tests are to validate the theoretical prediction of 
ultimate bearing capacity under shear force and overturning 
moment, to properly assess the behaviour of the foundations 
under various combined loading conditions, and to identify the 
shear failure mechanism of the foundations.

Professor R. Berardi presented the evaluation of the 
settlement for shallow foundations under static loading with 
special emphasis on soil characteristics and soil-structure 
interaction. Prof. Berardi firstly pointed out that one of the 
major achievements of geotechnical engineering research over 
the past 30 years or so is the understanding of the principal 

features of soil stiffness and the importance of non-linearity even 
at small strain. The adequate evaluation of soil stiffness clearly 
leads to a better prediction of foundation settlement, though 

some difficulties to be met are noted as follows. Due to the 
non-linearity of soil stiffness with shear strain, the adequate 
“operational” stiffness needs to be introduced by considering the 
range of shear strain commonly encountered in shallow 
foundations, because the use of the initial stiffness results in 
under-estimation of foundation settlement. The estimation of 
soil stiffness against SPT blow count might be in part viable, 
though the relations are heavily dependent on the degree of 

foundation settlement. The laboratory tests were well deserved, 
however, suffer soil inherent variability, and the foundation

bearing pressure and field strain need to be properly taken into 
account.

Professor M. R. Madhav, showed the liquefaction damages 
incurred by 2001 Bhuj Earthquake in India, such as lateral 
spread, sand boils and ground surface cracks. The failures of a 
concrete block wall, and of a railway and road embankment at 
Navalakhi port, which is located 45 km away from the epicenter 
were also presented. The stability analysis of a failed wharf at 
the port, which is 12 meters high, was conducted against 
overturning, sliding, bearing capacity, settlement and slope 
failure, and it was concluded that the sliding might have been 
responsible for the failure as the corresponding factor of safety 
was most close to unity.

The presentation given by Professor K. Ozaydrn consisted of 
stiffness degradation and strength loss in soil under earthquake 
loading, earthquake geotechnical hazards for buildings supported 
on shallow foundations, examples of ground failures during 
August 17, 1999 Kocaeli Earthquake in Turkey, and 
performance of buildings founded on shallow foundations in 
Adapazan. In the topic of stiffness and strength under 
earthquake loading, the strain criteria in the plot of shear 
modulus G-shear strain e was discussed, and the elastic threshold 
and plastic threshold were introduced. It implies that when the 
cyclic strain ratio is lower than the elastic threshold, no 
degradations in stiffness and strength occur, however, dur in part 
to the increased pore water pressure to the detriment of particles 
contact, the consolidation setdement might be accumulated. 
Among earthquake geotechnical hazards for shallow 
foundations, the settlement frequently observed in granular soils 
and the bearing capacity loss in clayey soils were highlighted.

The floor discussion was centered on which of the design 
philosophies are more tolerable for shallow foundations; 
resistance factored approach (RFA) or material factored 
approach (MFA). Professor T. Orr (Ireland) stated that in 
geotechnical design, safety factors are introduced to provide an 
adequate margin against failure, ensure deformations are 
acceptable, account for uncertainties in soil parameters, and 
account for uncertainties in calculation model and to provide 
required level of reliability. In the limit design framework, 
partial factors are applied to increase the loads (action) and to 
reduce the soil strength (MFA), or to reduce the ground 
resistances (RFA). The downsides of the material factored 
approach were voiced, in which the selfweight of material is not 
factored, and it is not clear how' to incorporate the non-linearity 

of soil parameters. In the current method stipulated in 
Eurocode 7, slope stability assumes MFA, pile foundations 
assume RFA, and retaining structures assume both RFA and 
MFA. Prof. Orr also presented an example of ultimate bearing 
capacity calculations of square pad foundation and concluded 
that MFA is more reliable and safer for higher friction angles. 
Regarding this issue the Theme Lecturers, professor H. G. 
Poulos, commented that RFA is preferable in the viewpoints of 

practical design engineers.
Dr. Walter Steiner (Switzerland) stated that the MFA has 

many fundamental fallacies. It implicitly assumes independent
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variables of resistance and load, which is mostly true in 
structural problems. In geotechnical problems, load and 
resistance are coupled in many ways, i.e. they are correlated in 
various degrees and directions. A true probabilistic analysis will 
identify these facts and will allow establishing the reasons for 
the differences in resistance factor. As an example for a pile, the 
MFA leads to a compensation of skin friction, with a reduced 

friction angle for the MFA, the interface friction angle decreases 
at the same time the horizontal stresses for normally 
consolidated soil increase with respect to the unfactored values. 
With the MFA the true safety may be extremely increases or 
uncontrollably decreased with respect to the true values.

In relation to one of the topics as future directions of the 

research pointed out by the Theme Lecturer, in-situ correction of 
deficient foundations, Dr. O. J. Cosovlin from Romania asked 
for presentation about a case history of restoring the old 
cathedral in Romania.

The Discussion Leader briefly summarized the session by 
stating that this discussion session clearly suggested that there 
still exist separate views about the selection of MFA vs. RFA for 
shallow foundation design, although many people would agree 
that RFA would be preferable for pile foundation design. 
Obviously we need more intensive discussions to reach a sort of 
comfortable level of agreement about this issue among our 
profession.

The Chairman, Prof. A. G. Anagnostopoulos expressed his 
appreciation to audience for their participation of discussion as 
well as the Discussion Leader and the Panellists, and closed the 
session.
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