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SUMMARY

In many cases the only places available for
the construction of a new car park are the
existing streets or roads. These streets may
also have important or historic buildings very
close to the structure, which means that they
cannot be disturbed in any way during the
construction of the parking structure.

In this particular case, the novelty is that the
top deck is solved with a unique structure: a
vault that interacts with the pile wall not only
for vertical but also for horizontal loads due
to the arch mechanism. The construction of
the vault is solved as a large precast element
of one piece of more than 16 in length and
2.40m in width, which is built in the fac-
tory, transported with the help of trucks and
erected on site with large cranes.
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RESUMEN

En muchos casos las tnicas localizaciones
para construir aparcamientos son las calles
o carreteras. Estas calles también suelen
tener alrededor importantes edificios histo-
ricos muy cercanos a la propia estructura.

En este caso particular la novedad reside en
que el forjado superior estd resuelto con
una estructura especial: una bdéveda que
interacciona con la pantalla de pilotes no
solo en el sentido vertical sino también
en el horizontal formando un verdadero
mecanismo de arco. La construccion de la
béveda se ha resuelto con grandes elemen-
tos prefabricados de una pieza de mds de
16m de longitud y de 2,40m de ancho. Se
han fabricado en una factoria, transporta-
dos y montados en obra con grandes gruas.

Palabras clave: Aparcamiento subterra-
neo; cimentacion profunda; pantalla de
pilotes; secuencia de montaje; elementos
prefabricados; béveda.
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1. INTRODUCTION

Parking structures can be built both above
and under ground. Parking structures built
above ground are normally solved with a
regular structure developed with columns,
beams and slabs. When the situation does
not allow enough land for a new structure
above ground then new solutions have to
be developed. This is a normally the case
inside the cities in Spain where there is a
great need for parking places but almost no
place to build them (1) (2) (3).

In many cases the only places available for
the construction of a new car park are the
existing streets or roads. These streets may
also have important or historic buildings
very close to the structure, which means
that they cannot be disturbed in any way
during the construction of the parking
structure (4).

A solution is then to build a pile wall in the
first place to limit the deformations on the
ground and to protect the buildings around
and afterwards start building the rest of the
structure (5).

Intermediate decks have to withstand nor-
mal loads for parking structures but the top
deck has to endure traffic loads and also
the land fill that is needed for landscape
purposes of the street. These loads are quite
large, normally higher than highway traffic
loads or railroad loads (6).

In this particular case, the novelty is that the
top deck is solved with a unique structure:
a vault that interacts with the pile wall not
only for vertical but also for horizontal loads
due to the arch mechanism. The construc-
tion of the vault is solved as a large precast
element of one piece of more than 16 in
length and 2.40 m in width, which is built
in the factory, transported with the help of
trucks and erected on site with large cranes.

After the vault for the top deck is built and
secured, then excavation of the lower levels
and the construction of the lower decks is
developed.

This article describes the complete system
of an underground parking structure built
using the cut and cover method using pile
walls, and special vault precast elements for
the top deck, taking into account the soil
interaction with the structure for both struc-
tural safety of the structure itself and also for
the buildings around it (7).

The underground parking structure has an
almost rectangular external perimeter of
108.50 x 17.20 m. The maximum depth

needed in order to get two parking levels,
plus an important variable fill between 2.47
m in areas coinciding with the longitudinal
pile walls and 0.52 m in the longitudinal
axis of the parking area is approximately
25.8 m excavation. We take into account
the depths of the two decks is a total height
of excavation from the top deck level, and
given that there will be a preliminary ex-
cavation of 0.50 m to configure the work
platform, there will be an excavation for the
pile wall of 7.75 m.

The construction system is planne descend-
ing: an excavation is first performed to the
elevation of the working platform, situated
50 cm below the current street level, then
the pile wall is built. In the next phase the
excavation of the working platform, up to
2.57 m below the op of the beam that joins
the piles pile wall, is carried out.

At this elevation the beam that joins all the
piles will form the supporting base of the
precast vaults that builds the deck. These
segments have a span of 15.83 m, the lon-
gitudinal line is curved, so once placed,
they form a dome with rotational symmetry.
Once the deck is finished then the filling
and urbanization are executed, while dig-
ging begins under the vaults to the height
of maximum excavation that coincides with
the level of support of the foundation slab.
Finally, the internal structure of the parking
structure, (slab foundation, columns and
decks) is built.

Precise Geotechnical information has
been used for the realization of this pro-
ject, based on the Geotechnical Report by
SAVIA to EUROCONSULT. This has been
interpreted to characterize the soils in the
study developed according to the experi-
ence with similar soils in Aranjuez, Spain.

The structural calculations were carried
out by Grahen Ingenieros. and precast ele-
ments where partially checked by the Tech-
nical Department of Prefabricados Castelo.
The design of the solution was carried out
by architects Luis Agosti Sdnchez Sanchez
and Jorge Gomez. The main contractor of
the works was FERROVIAL AGROMAN un-
der the direction of Jose Luis Lovera.

2. GROUND TYPOLOGY

The stratigraphy gathered from the data of
the Geotechnical Report has been used.
The findings and recommendations have
been interpreted and nearby surveys ex-
perience has also been implemented. The
following types of soils have been defined,
where levels have been modified to adapt
to the reference of the project.
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LEVEL 0O (above top level of piles beam):

Type: Artificial Filling

Density: 19.00 kN/m?

Internal friction angle: 29.0 °

Cohesion 0.0 tn/m?

Depth: 0.50 m from urbanization
LEVEL 1°:

Type: Silt

Density: 17.0 kN/m?

Internal friction angle: 29.0 °

Cohesion: 0.0 kN/m?

Depth: 1 m from the 0.00 level

Ballast Mod: 200,000 kN/m?
LEVEL 2°:

Type: Gravel

Density: 20.0 kN/m?

Internal friction angle: 35.0 °

Cohesion: 0.0 kN/m?

Depth: Unlimited

Ballast Mod: 40,000 kN/m?

According to that indicated in the geotech-
nical study it has been found that the water
table lies at a depth —9.50 measured from
the level of urbanization. Therefore this in-
formation is accurate only for the calcula-
tion of ultimate load of the pile wall.

Taking into account the ground analysis of
the geotechnical report no chemical attack on
concrete is expected. In any event, it is indi-
cated that given the nature of soils from the ge-
otechnical report the use of a concrete of the
type lla + Qa is recommended because there
could be a weak chemical attack to concrete
(type lla + Qa environment) so the use of spe-
cial cements is not necessary, but a high dos-
age of cement in the concrete has been used.

3. FOUNDATIONS AND PERIMETER
WALLS

Continuous reinforced concrete pile walls
are vertical walls made in spans of up to 7
metres in length and thicknesses between
0.45 and 1.50 metres, and depths of up to
70 m, and they offer a solution to excava-
tion difficulties in urban areas or close to
the water table level.

To install pile walls in the ground, mechan-
ically-driven grab buckets are used with
weight ratings of between 5 and 23 Tons
and grab openings of between 2.60 and
4.20 metres. This type of grab bucket can
be adapted to practically any type of soil
and depth. To install pile walls on rocks,
excavation techniques are used for thick-
nesses of 0.60, 0.80, 1.00 and 1.20 metres
and depths of up to 60 metres (8) (9).

They are used in a large number of projects
(bearing structures, provisional or definite
retaining walls, etc.) and represent a solu-
tion for different problems such as the ex-
cavation of buried structures for example.
underground car parks and basements, sub-
ways, etc. (10).

Pile wall type 1, most common wall type

The computer application reflects the
above calculation of the pile wall accord-
ing to how the construction process will in
fact develop, because the result is not inde-
pendent of it, due to the nonlinearity of soil
behavior (Figure 1).
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2. Pile wall type 1 Section. Rein-
forcement

3. Deformations of pile wall
type 1.
4. Bending Moments of pile wall
type 1.

5. Shear in pile wall type 1.

Aparcamiento Calle Rey -Aranjuez- (S1)
Deformaciones (mm)
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Also relevant buildings are located close
enough to generate important loads to affect
the dimensioning of the pile wall do not ex-
ist in this section type (Figure 2). The foun-
dations of the relevant existing buildings
close to the site of the underground parking
structure are footings at upper levels.

Additionally an overload of 15 kN/m? is set
at pile wall top equivalent to the action of
traffic and the weight of the land between
the level 0.00 of calculaton and the current
urbanization level (+0.50 m).

4. DESIGN CONSIDERATIONS FORTHE
PILE WALLS

ULS security has been checked for bend-
ing moments considering the compatibil-
ity with the axial force if this exists. With
these moments the bearing capacity of the
reinforcement has been checked. If the
compression is of importance, steel strain is
then calculated in each case, and real stress
applies that may be less than the elastic
limit. (Figures 3 ,4 and 5).

The structure is checked for the crack width
of the sections, according to Article 49.2.4
of the EHE, (11) for the combination of SLS
for frequent loads, which in the case of
earth pressure coincides with the character-
istic combination. This is initially estimated
with mechanical homogenized characteris-
tics of the section, and tensions in the ma-
terials considering that section. This checks
whether the section is cracked or not, and
the cracking moment and the steel stress at
the time of cracking.

The calculation of stresses in the cracked
section in service itself then follows. The
mechanical characteristics of the cracked
section and the stresses in all materials are
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obtained thereafter. The steel will be used
for the calculation of crack width. The char-
acteristic crack width, then obtained, which
for lla + Qa environment should be less
than 0.1 mm.

The shear strength is calculated in accord-
ance with Article 44 of EHE. This is part of
the maximum shear solicitations provided
by the pile walls. From this VU1 (compres-
sion-shear limit shear) and Vu2 (sum of the
collaboration of concrete and reinforce-
ment) is calculated. In the whole process
cracking in 45°, and vertical shear rein-
forcement are considered.

5. STRUCTURE
5.1. Structure configuration

The underground parking has two floors
below the street above, with a longitudinal
dimension of approximately 106 m and a
16.85 m transversally between pile walls.
To this main body, a covered distributor is
attached with irregularly shaped stairs and
ramps that lead to the street. These neces-
sary elements are built with traditional
structure construction and according to the
local normative on parking structures like
the Madrid Communitiy normative on ac-
cessibility (12) and the CTE (13).

The constructive conditions which deter-
mine the final typology that has been cho-
sen are as follows:

e Provision of a large land fill on top of the
deck that supports unrestricted planting
of trees on the banks. This is a very im-
portant feature because it leads to low-
er earth filling in the center of the deck
and more filling on the sides that allows
planting.

/Aparcamiento Calle Rey -Aranjuez- (S1)
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¢ Downward construction to replace traffic
on the top of the parking in the minimum
time possible, much prior to the ending
of the structure.

¢ Allowable stresses foundation available
in the order of 50 kPa.

* Minimize execution time using precast
elements

The structural typology used in this case is
the provision of a recessed vault structure
with a catenoid guideline, using the wall
as a core system for the absorption of the
important horizontal thrust required. The
dome-shaped element permits to limit to a
minimum the filling at the key (where is not
needed for the planting of vegetation, with
only 0.50 m), and instead it has more fill-
ing in the haunches up to 2.5 m of fill. The
types used were as follows:

Pile perimeter retaining wall built with a
series of piles, 55 cm in diameter, spaced
1.0 m and 4.0 m of embedment. It has an
elevation of 7.75 m maximum digging
height, starting from a level situated 0.00,
0.50 m below the street elevation. This al-
lows a contention of curb filling on top of
the deck without affecting pedestrian traf-
fic or services. It also receives significant
horizontal thrust of the vault at half height,
with adequate rigidity to function through a
beam chain connected to the pile wall. It
has adequate bearing capacity to receive
the vertical loads, not only by the resistance
of the recessed area, but also by the friction-
al forces generated by the horizontal thrust

Vault made of prefabricated elements of
45 cm of depth and 2.40 m width, resting
on the beams connected to the pile walls.
The base span is 16.85 m for a camber of
2.25 m (relationship span/camber 7.5/1).
The supports are considered articulated by
delivering a hinge between the beam and
the edge of the precast vaults. Key is left in
a minimum cover of 0.50 m.

Intermediate deck made in situ with reticu-
lar recoverable elements of 20 +12, with 84
cm interval between nerve and minimum
width of 16 cm, based on two columns
longitudinally and alignments of 30 cm at
its widest point, creating some spans in the
vicinity of 7.0 m in the two main directions.
Given the longitudinal dimension of park-
ing, it was considered appropriate to intro-
duce a transverse expansion joint dividing it
into two separate modules.

For the pile walls it has been checked the
security for ULS for bending moments con-
sidering the compatibility with the axial
force if it exists. With these moments it has
been checked the bearing capacity of the
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reinforcement. If the compression is signifi-
cant then is calculated steel strain in each
case, and applies real stress that may be less
than the elastic limit.

These detailed calculations of the behavior
of the pile piles or walls are performed in
different representative sections:

* Maximum negative bending moments in
extrados

e Maximum positive bending moments at
the base.

It is checked the crack width of the sections,
according to Article 49.2.4 of the EHE, for
the combination of SLS for frequend loads,
which in the case of earth pressure coin-
cides with the characteristic combination.
This is initially estimated with mechanical
homogenized characteristics of the section,
and tensions in the materials considering
that section. This checks if the section is
cracked or not, and the cracking moment
and the steel stress at the time of cracking.

Then follows the calculation of stresses in
the cracked section in service itself. It is
then obtained the mechanical characteris-
tics of the cracked section and the stresses
in all materials. The steel will be used for
the calculation of crack width.

It is then obtained the characteristic crack
width, which for Illa + Qa environment
should be less than 0.1 mm.

The shear strength is calculated in accord-
ance with Article 44 of EHE. This is part of
the maximum shear solicitations provided
by the pile walls. From this is calculated
VUT (compression-shear limit shear) and
Vu2 (sum of the collaboration of concrete
and reinforcement). In the whole process it
is considered cracking in 45 °, and vertical
shear reinforcement.

5.2. Building Materials and loads

According to the Spanish Standard EHE, the
following general parameters are defined:

The exposure type of the structure is, for
the concrete elements: lla (non-marine ex-
teriors-absence of chloride-exposed to the
rain in areas of precipitation exceeds 600
mm/year). For the perimeter containment
elements (piles) Qa. While it is true that
the geotechnical report does not prescribe
compulsory use of this type of concrete, it
recommends its use, taking into account
the nature of the soils identified.

The nominal and accidental cover (depend-
ing on the type of environment) is for the
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elements in direct contact with the ground:
70 mm, for the other elements of founda-
tion or (lla): 25 + 10 mm and for the beams,
Slabs and Walls (lla): 25 + 10 mm. The
safety coefficients are for normal control for
concrete yc= 1.50 and for steel ys=1.15

The types of concrete used are HA-30/F/20/
Ila + Qa for the Pile walls, HA-40/5/20/1la
for the prefabricated Vault, HA-25/P/20/1la
for the foundations and HA-25/P/20/11a for
the structure, beams, slabs and walls. The
concrete had the following properties of
size of 20 mm maximum aggregate and a
Modulus of Elasticity estimated for the cal-
culation: Ec = 21.000 /23.500/25000 N/
mm?. The type of Steel for reinforcement is
B 500 S for the entire work.

The structural typologies and Self Weight
for the various decks of the parking struc-
ture are intermediate reticular decks with
recoverable moulds depth-32 cm (20 +12),
reinforced slab 40 cm of depth resting on
the pile wall, interior walls and columns
and precast concrete vaults of 45 cm depth
and 2.40 m width.

The loads considered as Dead Loads are at
the Intermediate Deck with a reticular slab
20 +12 4.94 kN/m?, for the Top Level with
a slab 0.40cm depth, 10.00 kN/m? and for
the PrecastVault of 0.45 m, 11.25 kN/m?2. The
loads considered as Permanent Loads are at
Intermediate Deck, Paving, 0.50 kN/m?, at the
Top Level, 20 cm + 30 cm floor 10.60 kN/
m?, and for the Precast Vault, 20cm pave-
ment and earth fill that vary between 35 and
260cm. The density of the fill is considered
18 kN/m? and the floor = 4.80 kN/m?2. The
loads considered as Live Loads as CTE-SE-AE
E IAP-98 (13) are at Intermediate Deck as a
normal use as parking, 4.00 kN/m* and at the
Top Level, traffic loads with an uniform load
of 4.00 KN/m? and a 600 kN truck.

5.3. Precast Vault calculation

The calculation of the vault solution was
made manually from the classical theory of
strength of materials applied to two-hinged
arches. The calculation is based on determin-
ing a horizontal thrust (H) in each load case as
unknown indeterminate. The establishment of
compatibility of deformations is done once a
horizontal strain link is released. By applica-
tion of Castigliano's theorem it is possible to
calculate the deformation of the arch and the
release of the force to reconcile movements.
It is assumed that the supports are deform-
able horizontally to promote positive bend-
ing work of the vault. It works passively to
the horizontal thrust, giving the pressure to
ground through a beam connected to the pile
wall and a biarticulated support of the vault.

The load cases developed for the load cal-
culation were as follows:

¢ Self Weight and dead load, correspond-
ing to the earth filling and paving, that
generate variable loads in the haunches.

e Live load of 4 kN/m? in the middle of the
vault.

e Truck 600 kN at ¥a span

e Truck 600 kN at V2 span

¢ Thermal and shrinkage deformation.

Truck point actions have been applied to a
rectangular area equivalent to the footprint
of truck (2 x 3) plus a widenining of loads
on the earth fill slope TH / 2V in both di-
rections, thereby establishing a rectangular
area subjected to a uniform load.

For the thermal hypothesis has been a de-
crease of 10° C and 300 pdef shrinkage ac-
cording to site conditions and the type of
concrete used.

That calculation is aimed to know well and
with sufficient security bending work that
may appear positive for the following cir-
cumstances:

¢ Deviation of the pressure on the antifu-
nicular.

¢ Horizontal deformation of the pile walls.

e Point loads and antimetryc loads.

e Shortening due to shrinkage and thermal
deformation.

In order to minimize, the primary cause has
been defined as a guideline for the vault
antifunicular permanent loads (self weight
and earth fill loads and pavement). The dif-
ference is relevant because it deviates up to
13 cm of the 2" order Guideline.

It is also checked the compression and
shear transfer between the vault and the
pile walls in each different load case. Soil
interaction in each case is considered.

The combination of ULS and SLS calcula-
tion is performed according to the crite-
ria of IAP-98 and EHE-08, resulting in the
combination of maximum positive bending
moments, checking security in these cir-
cumstances. The frequent load combina-
tion is also checked for cracking and de-
formation, obtaining appropriate values for
the calculated reinforcement (Figures 6, 7,
8 and 9).

To summarize the results we mention the
following:

e Maximum positive bending moment (at
Key): 454.8 mkN/ml.
¢ Compatible Axile force (Key): 928.3 kN/ml.
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e Maximum vertical characteristic reac-
tion: 437.2 kN/ml.

e Maximum horizontal characteristic re-
action: 679.4 kN/ml.

¢ Deformation in frequent combination (key):
9.6 mm.

5.4. Precast vault construction in the factory

Vault elements have been made precast in the
factory of Prefabricados Castelo, about 20 Km
away. The elements are 16m long, measured
in the cord, 2.40m wide, and 0.45m thick.
The weight of the elements is 44.1 tons which
gives an idea of the difficulty for production
and later transport and erection.

The elements have been concreted in a

vertical way, 90° from the final position on
site due to process needs. The moulds have
been designed as a whole to resist fresh
concrete forces with very low deformation.
Self compacting concrete has been used to
assure perfect filling of the forms and finish-
ing of the surfaces (Figure 10).

The reinforcing cage, that weighs 1600 Kg,
is built as a whole and then placed into the
mould, that has been specially designed for
this work. For transport and erection needs,
a double set of lifting devices have to be
placed in the elements, 8 for lifting in the
vertical way in the factory and another 8 to
be used in the final position and erection
(Figures 11 and 12).

6. Support of the vault in the pile
walls. Longitudinal and cross
section.

7. Example of load distribution
with eccentric loads.

8. Bending moments and Shear
in the Vault due to eccentric point
loads.
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9. Combination of forces and
moments in the Vault.

10. Workshop drawing of form
definition of the normal precast
segments.

11. Workshop drawing of rein-
forcing.

12. Mould and reinforcing cage.

13. Movement
the factory.

14. Transportation with special
trucks.

15. Work site just after cons-
truction of pile walls and before
erection of vault elements.

COMBINACION

Coef.Mayoracion Indirectas =

1.22

LITROS: 17710

M3/ML=1,063 i3

PESO_: 44107 kg.

Momento Max (+) Carros Momento Max (-) Carros Combinacién ELU Flexién (+) [Combinacién ELS Frecuente
X,i (m) | Mx (mkN)  Vx (KN)  Nx (kN)| Mx (mkN)  Vx (kN)  Nx (kN)| Md (mkN) ~ Vd (kN)  Nd (kN)|Md (mkN)  Vd (kN)  Nd (kN)
0.00 0.0 133 175.2 0.0 -62.1 230.5 0.0 26.0 961.4 0.0 -0.1 600.3
0.42 12.7 18.3 174.8 -23.0 -66.5 2322 433 48.4 948.8 16.6 93 606.0
0.84 285 27.9 1735 -40.6 -42.6 234.9] 89.6 69.8 9258 34.0 19.9 591.4
1.26 47.4 36.7 171.9 -63.2 -30.7 236.7 138.5 87.3 905.0 52.0 28.3 578.4]
1.69 69.0 447 170.0 -61.3 -19.6 237.9] 189.8 101.6 886.4 70.7 34.9 567.0
211 93.0 520 167.9 -65.2 -9.3 238.5 2431 113.4 869.6 90.0 401 556.9
253 119.5 58.6 165.6 -65.2 03 238.7 298.3 1231 854.7 109.7 442 548.1
295 1435 546 159.8 -61.6 92 238.5 348.3 115.8 836.0 1276 423 538.6
3.37 160.5 396 151.5 -54.6 17.4 238.1 386.3 914 8156.1 141.2 345 528.9
) . 3.79 170.4 237 144.5 -445 251 237.4 4119 653 797.5 150.7 26.0 520.7
of elements in 421 173.0 7.2 138.7 -31.5 323 236.5 4251 379 7827 156.0 16.8 513.7
4.63 168.1 9.8 134.0 -16.7 39.0 235.5 425.7 9.4 770.7 156.9 7.3 508.0
5.06 165.8 -27.4 130.4 0.0 0.0 0.0 413.6 -20.0 761.0 163.5 -2.6 503.4
5.48 135.9 -45.2 127.7 0.0 0.0 0.0 388.7 -50.1 7535 145.8 -12.8 499.7
590 112.8 -52.8 127.4 0.0 0.0 0.0 357.7 -64.6 750.2 136.0 -17.9 497.6
6.32 911 -49.8 128.6 0.0 0.0 0.0 327.4 -63.5 749.7 126.2 A7.7 496.6
6.74 99.4 67.4 229.0 0.0 0.0 0.0 340.6 109.1 898.5 131.0 39.6 545.6
716 129.0 724 2274 0.0 0.0 0.0 384.4 113.2 895.0 145.8 40.8 543.9
7.58 154.5 62.8 2252 0.0 0.0 0.0 4222 84.6 9335 158.6 314 542.1
8.00 169.8 38.7 2233 0.0 0.0 0.0 446.7 44.2 929.9 166.9 17.4 540.6
843 1749 144 222.4 0.0 0.0 0.0 4548 50 9283 169.6 42 540.0
8.85 169.8 -38.7 2233 -13.4 -329 133.9 446.7 -87.2 929.9 166.9 -31.7 540.6
927 154.5 -62.8 2252 -26.7 -30.1 134.6] 4222 -1225 9335 158.6 -43.7 5421
9.69 129.0 -72.4 2274 -38.8 =272 135.2 384.4 -126.1 895.0 145.8 -451 529.9
10.11 99.4 -67.4 229.0 -49.6 -243 135.7 340.6 -118.8 898.5 131.0 -42.8 531.6
10.53 719 -62.3 230.4 -69.3 -21.2 136.3 298.6 -111.2 9025 116.6 -40.5 633.5
10.95 46.6 -56.9 2318 -67.6 -18.0 136.7 258.4 -103.4 906.8 102.8 -38.1 535.7
11.37 23.4 -51.2 2331 -74.7 -14.7 1871 2201 -95.3 911.6 89.6 -35.6 538.2
11.80 26 -45.3 234.4 -80.3 -11.2 137.4 183.9 -86.7 916.9 76.9 -32.9 541.0
1222 0.0 0.0 0.0 -84.5 -7.5 137.7 1735 -19.3 569.6 72.8 -10.6 426.4]
12.64 0.0 0.0 0.0 -87.1 -3.6 137.9 165.6 -19.8 574.6 69.5 -10.8 429.6
13.06 0.0 0.0 0.0 -88.1 0.6 137.9 156.3 -20.3 580.7 65.5 -11.0 433.4
13.48 0.0 0.0 0.0 -87.3 51 137.8 145.4 -20.7 587.8 61.0 -10.9 437.8
13.90 0.0 0.0 0.0 -84.7 9.8 137.5 133.0 -20.9 596.3 55.8 -10.7 4431
14.32 0.0 0.0 0.0 -80.0 14.9 137.1 1191 -20.9 606.2 49.9 -10.2 449.3
1474 0.0 0.0 0.0 -73.2 204 136.4 103.5 -20.5 617.8 43.4 9.2 456.6
16.17 0.0 0.0 0.0 -64.0 263 135.4 86.3 -19.4 631.4] 36:3: -75 465.1
156.59 0.0 0.0 0.0 -63.2 30.7 236.7 67.4 -17.4 647.3 28.4 -5.0 4751
16.01 0.0 0.0 0.0 -40.6 426 2349 46.8 -141 665.6 19.7 1.3 486.7
16.43 0.0 0.0 0.0 -23.0 5565 2322 243 -8.9 686.7 10.3 3.9 500.1
16.85 0.0 62.1 230.5 0.0 -13.3 175.2 0.0 76.2 10442 0.0 34.2 646.8
Hk.max (kN/m) = 679.4 Reaccién Horizontal méxima caracteristica sobre pantalla
Hk frec (kN/m) = 457.0 Reaccién Horizontal combinacién frecuente
Vk .max (kN/m) = 437.2 Reaccioén Vertical maxima caracteristica sobre pantalla 9
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Underground Parking structure built with deep foundations and vault precast elements in Spain

Aparcamiento Subterrdneo construido con cimentaciones profundas y elementos tipo béveda prefabricados
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Because the elements have been concreted
in a vertical way the elements have to be
tilted to the final horizontal way. The tilting
has to be done in the factory with the help
of large mobile cranes (Figure 13).

For the temporary work as a vault when
the elements are in horizontal way, during
stock, transport and erection some tension
bars have been designed to resist the hori-
zontal force due to the arch behavior for
self weight. These tension elements have to
be adjustable and removable after the con-
crete has been finished on site, when the
vaults work as they are designed. The ten-
sion elements are 3 bars of diameter 32 mm
for each vault element (Figure 14).
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5.5. Precast vault transport and erection

For transportation special trucks were used;
one vault element in each truck. All the el-
ements had to have tensile bars to be able
to resist the horizontal load that comes from
the vault action on self weight. Erection was
made with a large mobile hydraulic crane.
Due to the limited space available on site it
was necessary to complete erection with just
one crane instead of two which would have
given more flexibility (Figures 15 and 16).

The vaults are temporarily supported on
vertical footings on the ground that is exca-
vated just at the level of the support. After
the concrete placement of the connection

16. Erection of vault elements
with a single crane on top of the
distribution beam of the pile wall.

17. Vault elements already erec-
ted in the final place of the struc-
ture just before excavating next
levels.

18. Final state of the outside of
the parking structure with trees
and other urban elements.

19. Final state of the inside of
the parking structure with box for
the stairs.

w
U1
w
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of the vault and the pile wall the tempo-
rary footings are released and thus the vault
loads on the pile walls.

After the erection of the vault elements then
the connection with the pile wall is con-
creted and then the excavation can contin-
ue because the vault structure acts as a prop
to the horizontal forces coming from the
pile walls. Then both the street circulation
and garden planting can be finished straight
away so as to inconvenience as little as pos-
sible the users of the streets (Figure 17).

The final view of the street with the trees and
other urban elements well integrated in the ur-
ban landscape can be seen in Figure 18. Also
it is possible to see the final view of the park-
ing structure from the inside (Figure 19). In this
picture it is possible to see the installations for
ventilation and for electrical equipment inte-
grated in the design and also the places for the
stairs combined in the vault design.

6. CONCLUSIONS

For parking structures, when the situation
does not provide enough land for a new
structure above ground then new solutions
have to be developed. This is normally the
case inside the cities in Spain where there
is an important need for parking places but
almost no place to build them. The follow-
ing ideas can be set as conclusions:

1. In many cases the only places where it is
possible to be able to build a new park-

ing are the existing streets or roads.
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