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Abstract
This communication shows part of the investigation done by the author related to the operation 

designed for lightweight structures and prefabricated, with manual assembly, removable, and 

descendent (gravitational) loads. The strategy of the investigation presents this new foundation 
as a combination of traditional foundation typologies, where current and accepted analytical 

is presented. The investigation shows how a systematic methodology based on established 
scenarios, combined with numerical tools of modelling and experiments, allows the study and 
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1. Introduction

As our society has increased its complexity, new aspects of structure requirements have started to 
be considered, and nowadays the importance of these aspects are increasing, such as the environ-
mental impact, facility of construction, industrialization, etc. These new requirements have produced 
changes in most of the structural elements, but small changes in the design of the foundation ele-

fundamental objective: searching for a solution that allows the construction of foundations for 
structures on Spanish beaches. The main motivation was the presence of regulations that limit 
the possibility of using traditional founding solutions like the Spanish coast law.  That law forces 
businesses to dismantle most of the structures, including foundations installed during the summer 
season.

Therefore, knowing that the installation has to be done in the middle of the beach, it has to be 
simple and able to be built with manual tools without the usage of heavy machinery, as well as 
reusable in order to be installed the following summer. The design of the new foundation is based 
on a reinforced concrete piece that weighs approximately 30 kg with four steel bars diagonally in-
serted into the concrete piece. The bars are driven into the ground forming a 40º angle in relation 
of the vertical axis (see Figures 1a and 1b), the whole structure (concrete piece and bars) weighs 

The design of this new foundation allows industrialisation, to create a prefabricated element that is 
easily transported to the installation site. The ease of the assembly, as well as the capacity of being 
dismounted, recovered and reused make this foundation technology more attractive for installa-
tions where its special features are appreciated, among them, lowering the environmental impact. 
(see Figures 2 and 3).

As a result, this new foundation is used as a support element for more complex structures and 
structures that require a higher level of responsibility (see Figure 3). Therefore, it was necessary to 
have a formal approximation to the foundation function and the resistant mechanisms associated 
with the interaction of the foundation with the ground, as it was shown in a previous publication at 
2017 Seoul Congress (Tarrago et al, 2017). 

This article documents part of the research on the function of this non-traditional, shallow foun-

descendent vertical loads.

2. Methodology

The non-traditional nature of the foundation involves the lack of an established theoretical frame-
work which allows for an adequate analysis of the foundation. The strategy to achieve a deeper 
understanding of the behaviour of the foundation is raised on three levels that arrive at the object 
of the investigation. These levels are an analytical, numerical and experimental approach.

B
e

h
av

io
u

r 
an

d
 p

e
rf

o
rm

an
ce

 a
n

al
ys

is
 a

ga
in

st
 g

ra
vi

ta
ti

o
n

al
 l
o

ad
s 

o
f 

a 
n

o
n

-t
ra

d
it

io
n

al
, 

p
re

ca
st

, 
re

m
o

va
b

le
 a

n
d

 r
e

u
sa

b
le

 s
h

al
lo

w
 f

o
u

n
d

at
io

n
 



ISSN 2309-0103
www.archidoct.net
Vol. 7 (1) / July 2019

64 //

Figure 1a. 

New foundation (left) and new supporting of a structure

Figure 2. 

Package with 4  and 8 foundations (above) and some elements of the new foundation holding up a modular 

structure (below)

Figure 1b. 

New foundation drawings (centimetres)
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3. Analytical approach

The analyzed foundation, due to its non-traditional quality, lacks a particular theoretical framework 
that allows for analysis of its performance, so was planned a new theoretical framework based on 
suitable traditional frameworks or combinations of some of them (see Figure 4) in order to have a 

structure. There are two kinds of foundation reactions: on one hand, the resistance to the subsid-
ence of the concrete piece, a behaviour intuitively associated with a traditional shallow foundation 
(concrete footing), and on the other hand, the resistance to the vertical penetration into the ground 
of each of the four tubes of the foundation. It is important to realise, concerning the resistant 
mechanism related to the penetration by the tubes, that given the symmetry of the piece and the 
considered loads, the tubes will have a vertical movement rather than a longitudinal movement. 
In conclusion, it is considered that the new foundation resistance can be analysed as the sum of the 

same area as the concrete piece (aprox. 30 * 30 cm).

-
rection, equivalent to a continuous deep foundation with a thickness of 43 mm (diameter of the 
tubes) and a variable depth.

This breakdown of the resistance mechanisms is consistent with the results and conclusions 

the prior hypothesis may be considered reasonable. Regarding the new foundation’s total resis-
tance , it is taken into consideration that the combination of the mechanisms implies the sum of 
the capacity of both mentioned resistance mechanisms. This hypothesis is coherent with a security 
standpoint based on Ultimate Limit States (Eurocode 7) and is traditionally accepted in other types 
of foundations, such as pile foundations, where its resistance mechanism is seen as the sum of the 
base and shaft resistance mechanisms. 
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Figure 3. 

Installation (2016) of the new foundation holding up the Möbius building in Oñate Square, Donosti (Spain). 

Installation done by students from Superior Architecture Technical School of UPV/EHU
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Figure 4. 

Reinterpretation of the resistance mechanism of the non-traditional foundation as a union of traditional 

foundations resistance mechanisms

Figure 5. 

Two opposing mechanisms against the foundation 

vertical load

Table 1. 

Variation of the ultimate resistance with the 

soil parameters: cohesion and friction angle. An 

embedment of 20cm and homogeneous ground 

are assumed
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For the resistance mechanism associated with the subsidence of both the concrete piece and the 
tubes in the ground, and after analyzing some theoretical frameworks, the methodology proposed 
by Brinch Hansen (1961) was selected. This methodology is based on the Terzaghi equation (Ter-
zaghi, 1943),  and some corrective parameters are applied that allow us to approximate the existing 
mechanisms in the studied foundation, as well as the consideration of drained or undrained situa-
tions (see below).

where:           
qu: unit ultimate resistance.
c:  cohesion.
: density.

q: Pressure on the base of the foundation (depends on the depth)
B:  Width at base of the foundation 
Nc,Nq,N :  capacity load factors (dimensionless)

The ultimate resistance of the foundation will be

where:            

Ru: Ultimate subsidence resistance of the foundation
Rh: Ultimate subsidence resistance of the concrete piece as an isolated piece.
n: Number of segments that the tubes are divided into. This allows for the consideration of the 
variation of the pressure (q) with the depth, as well as considering the existence of diverse kinds of 
ground or the water level if it exists.
Rpi: Ultimate subsidence resistance of the studied segment of the tube

The theoretical framework previously described allows for the evaluation of the maximum capacity 
of the new foundation for diverse types of soils, introducing the variables:

 : Internal soil friction angle
C:  Cohesion
:  Density.

H: Foundation embedment (depth of the inferior face of the concrete piece).

In the next table (table 1) the proposed method is applied, considering a foundation with 20 cm 
3 and homogeneous ground with varying values of internal 

friction angle and soil cohesion.
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4. Numerical simulations

The interaction between the new foundation and the soil has been analysed using the numerical 

the soil. This analysis allows for the consideration of three dimensional resistance mechanisms as 
well as the introduction of  the geotechnical features of the soil and strength-deformation charac-
teristics of the concrete piece and the steel bars that form the foundations. The points highlighted 
in the model are:

form the foundation inside the prism. The elements that form the discretization mesh have and 
average length of 0.03 meters (see Figure 6). 

interactions on ground-piece interfaces.

adjustment of the model to the data of a load test, where four cycles of vertical increasing loads 
were applied on the foundation.

The numerical model provided several conclusions.  Among them: 

loads transmitted by the structure is the sum of the resistance to the subsidence of the concrete 
piece and the resistance to the vertical penetration in the ground of each of the four tubes of the 
foundation. In a comparative analysis, considering the presence and the absence of the tubes gave 
the new foundation an important added  resistance and more stiffness (see Figures 8 and 9).

predict the load/settlement relation observed in real essays.

its geotechnical parameters. Therefore, the model can estimate the maximum load capacity of the 
foundation, allowing for a comparison with the maximum load capacity obtained from the analytical 
analysis. This analysis shows that the capacity obtained with the analytical analysis was inferior to 
the capacity obtained from the numerical model (see Table 2).
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Figure 6. 

Discretization mesh (left) and analysis where movements are represented (right)
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Figure 8. Figure 9. 

Comparison of the load/deformation relation 

considering the concrete piece without 

tubes(red) and the complete foundation (green)

Figure 7. 

Results of the load test where loads were applied in phases (left). Photograph of the test  assembly (right)

Table 2. 

Estimated ultimate resistance in the numerical model (column 4) compared to the estimated ultimate resistance 

using the proposed analytical method ( column 3)
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Figure 10. 

Load test assembly sketch (left). Load test photograph (right)

Figure 11. 

Components of the loads: lateral, pull up and torsion

Table 3. 

Estimated ultimate resistance on the load test (column 4) compared to the estimated ultimate resistance using 

the proposed analytical methodology (column 3)



ISSN 2309-0103
www.archidoct.net
Vol. 7 (1) / July 2019

71//

Ju
an

 Jo
se

 R
os

as
 A

la
gu

er
o

5. Experimental testing

In order to better understand the performance and behaviour of the new foundation, a series of 

The load tests required a previous study for their design, with the objective of providing the re-
searched data and agreeing with the generally accepted regulations. The regulation used for the 
elaboration of the protocols was the Standard Test Method for Pilar Under Static Axial Compres-
sive Load from ASTM [1]. This regulation is usually applied to static load tests on deep foundations.

The data obtained from the load tests was used to adjust the numerical model explained in the 
previous chapter, and allowed us to verify that the proposed analytical method used to estimate 
the ultimate capacity of the new foundation resulted in estimations inferior to the ones obtained 
in load tests (see Table 3).

6. Conclusions

This article shows a few of the results from part of the investigation on the function of a non-tra-
ditional foundation typology formed by a concrete piece with four steel bars inserted diagonally at 

being prefabricated, mountable with manual tools, removable and reusable.

of the new foundation against vertical descendent forces. This analytical method is based on the 
assumption that the resistance mechanism of the new foundation can be reinterpreted as the com-
bination of two traditional resistance mechanisms: the associated mechanism of the resistance of 
the concrete piece to subsidence and the mechanism associated with the vertical sink resistance 
of the four tubes.
The validity of the developed analytical method has been proven using numerical modelling to sim-
ulate in 3D the interaction of the foundation with different kinds of soils. These numerical models 
have allowed us to get close to the actual behaviour of the new foundation and to verify that the 
designed analytical method estimates lower resistance values, so it is on the safe side, if you com-
pare it to the ultimate resistance obtained by a complex numerical 3D model.
With the exposed analytical and numerical study, an intense series of load tests on the new foun-
dation has been done. The data obtained has allowed us to develop numerical models and to verify 
that the result of the analytical method for determining the ultimate capacity of the new foundation 
is also on the safe side.
This article is focused on analysing the behaviour of the foundation against vertical descendent 

loads with ascendant, lateral and torsion components (Figure 11).

Acknowledgements

Notes

(1) ASTM., “ Standard test Methods for Deep Foundations Under static axial Compressive Load”, 
Designation D1143/D1143M-07, American Society for Testing and Materials.

B
e

h
av

io
u

r 
an

d
 p

e
rf

o
rm

an
ce

 a
n

al
ys

is
 a

ga
in

st
 g

ra
vi

ta
ti

o
n

al
 l
o

ad
s 

o
f 

a 
n

o
n

-t
ra

d
it

io
n

al
, 

p
re

ca
st

, 
re

m
o

va
b

le
 a

n
d

 r
e

u
sa

b
le

 s
h

al
lo

w
 f

o
u

n
d

at
io

n
 



ISSN 2309-0103
www.archidoct.net
Vol. 7 (1) / July 2019

72//

Ju
an

 Jo
se

 R
os

as
 A

la
gu

er
o

References

Brinch H. J., “A General Formula for Bearing Capacity”, Bulletin nº 11, Geoteknisk 
Institut, Danish Geotechnical Institute, Copenhagen 1961.

Tarrago D., Gens A., and Rosas J., “A New Re-usable Shallow Foundation for light 
loads. Load Tests and Analysis”, Proceedings of the 19th International Conference on 
Soil Mechanics and Geotechnical Engineering, Technical Committee 307,Seoul 2017, 
pp. 3409-3412.

Terzaghi K., “ Theorical Soil Mechanics”,John wiley & Sons Inc., New York, London, 
1943, pp. 118-143.

B
e

h
av

io
u

r 
an

d
 p

e
rf

o
rm

an
ce

 a
n

al
ys

is
 a

ga
in

st
 g

ra
vi

ta
ti

o
n

al
 l
o

ad
s 

o
f 

a 
n

o
n

-t
ra

d
it

io
n

al
, 

p
re

ca
st

, 
re

m
o

va
b

le
 a

n
d

 r
e

u
sa

b
le

 s
h

al
lo

w
 f

o
u

n
d

at
io

n
 




