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Foundations for the rehabilitation of an ancient building
Fondations pour la réhabilitation d’'un ancien batiment

F. MUZAS, Dr. Ingeniero C.C.P., Rodio, Madrid, Spain
F. MORENO-BARBERA, Dr. Arquitecto, Madrid, Spain
A. URIEL, Dr. Ingeniero C.C.P., Agroman, Madrid, Spain

SYSNOPSIS The problems are described In connectlon with a rehablllitatlion projJect of a 15th Century
bullding In Burgos (Spaln) Involving the excavatlon of three basement levels below groundwater
level and having to conserve several parts of the anclent bullding. An analysls Is made of the
different problems encountered. The solutlon flnally adopted, at present being carrlied out,
Includes a perlimeter retalning wall constructed Just below two fagade walls, by means of the soll
freezlng technique and the temporary underplinning of the Interlor walls by means of a relnforcing
structure conslsting of microplles.

1 - INTRODUCTION 1) gravel and sand down to 4.0 to 6.5 m
depth;

The "Casa del Cordén'" Bullding Is a fortlifled

palace bullt In the c¢lty of Burgos (Spain) [N sl1ty-sandy clay 1lying 2.0 to 3.0 m

durlng the last years of the flfteenth Century. thick In some zones;

Its archlitectural constructlon corresponds to
the translition between the Gothlc and
Renalssance styles.

Nowadays the bullding belongs to the "Caja de

Ahorros Munlclipal of Burgos' whlch declded to CORDON STREE
rehablllitate It to Instal the company's head T
offlces. The proJet Includes the excavatlon of PARTS THAT MUST BE |
a cellar 11.5 m high, with three 1levels, to ) !
lodge a Conference Hall, safe box faclllitles CONSERVED

for <c¢llents and underground parkling. P

BBV S S S

The FIne Arts Authorlitles have glven permlsslon
for the rehablllitatlion works of the Bulldling

but have Imposed the condlitlon that several

parts of the palace must be conserved, such as

two fagades,the central clolster and a lateral

arcade.

 (NCORPORATED
AREA OF
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Flg. 1 shows the plant of the Bullding and the HZZ

parts that must be conserved durlng the works. __J

The total surface area Is about 4,000 m2,70% n ‘
corresponding to the palace and 30% to old i
houses, the grounds of whlich are Incorporated ‘
Into the palace bullding. i CALVO SOTELO SQUARE

Flg. 2 shows a view of the Bullding correspond - e
Ing to the fagade onto Calvo Sotelo Square. 0 5 10 15 20m

The walls of the palace are constructed of cut

1Imestone blocks laylng on a spread foundatlon A
1.5 m wlde, made of stone and 1lme mortar.The ﬁ4
foundatlon depth Is about 2.0 m from ground I Il "
level. m ﬁ
= _
-~ 1 > 1
= | A
2 - GROUND CONDITIONS | il -
| P il F =
The geologlcal soll proflle of the ground Is

as follows:
Flg. 1 - Plant of the '"Casa del Cordén" and

1) backf111, about 2.0 m deep; cross-sectlon of the new Bullding.
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Tv) mar! with gypsum lylng from about 6.0 to
10.0 m depth downwards.

Flg. 2 - Vlew of the '"Casa del Corddn" Bullding

Flg. 3 shows the mean soll proflle. The water
table 1les at about 2.5 m depth with a small
gradlent towards the Arlanzon Rlver that flows
parallel to the fagade onto Calvo Sotelo Square
and about 150 m away.
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Flg. 3 - Mean geological soll proflle and

bullding underground levels.

3 - DESIGN PROBLEMS ENCOUNTERED

Due to the ground condltlons, malnly the
presence of ground water and the permeablllity

of the gravel and sand layer, and also due to
the above mentloned projJect characterlstlics,
several problems arose.

These problems may be resumed as follows:

1) need of a water-proof screen surrounding
the area to be excavated.

1) need of a supportling structure to bear
the ground and water thrusts.
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INRD] need to brace some parts of the anclent
buliding, durlng the cellar excavatlon
works, untll the permanent supports
were constructed.

Iv) need to restrict as much as posslble
the movements of those structural
parts of the palace that must be
conserved In order to avold damage

durlng the works.

4 - SOLUTIONS ADOPTED

In order to solve the problems that have just
been resumed, Rodlo Company collaborated wlith
the ProjJect Manager Dr. of Archltecture
F. Moreno-Barberd.

The posslibillitles of several foundatlon
technlques were anallzed to answer the
requlrements and to solve the problems.
Subsequently, the solutlon adopted was as
follows:

1D Temporary underplinning of all the

structural elements that must be

conserved Inslide the Bulldling.

11D Perimetric relnforced concrete wall,
embedded In the marls, In order. to
create a reslstant and water-proof
enclosure, permlitting the ground to be
excavated Inslde thls.

Initially, for thls last purpose, a dlaphragm

wall, constructed by the slurry trench

tecnlique, was deslgned, slted along the

perimeter 1lne except along the fagades to be

conserved where the dlaphragm wall was slted

Just Inslde. The solutlon could be carrled out
along all the perlmeter 1lne except In three
separate zones located In the fagades, where
the machynery was not able to work. In those
three zones the soll freezlng technlque was
envisaged as a way to complete the perlimeter
wall. Flnally, the need for space Inslde the
cellar made It necessary to Jlocate the

perimeter wall just below the exlstling
fagades. So for all this zone of the bullding
the soll freezlng technlque was adopted In

construct a
also

order to
foundatlon,
retalning wall.

contlnous pler
serving as perlmetric

5 - TEMPORARY UNDERPINNING CHARACTERISTICS

The purpose of the wunderplnning was to
transfer the loads of the structural elements
that must be conserved from the exlstling
foundatlons to the ground below the cellar
excavatlon bottom.

For thls, the system deslgned was as follows:

1D The existlng foundatlons had to be
strengthened by two reinforced concrete
beams (0.5 x 1.3 m) which had to be
pressed over the spread foundatlons by
means of stressed steel bolts, as
Indlcated In Flg. 4 (2 steel bars 40 mm
§ every 2.0 m, stressed to 500 kN).

had to be

i) The foundatlons underplinned



with '"Ropress'" mlicropiles that have a
steel pipe relnforcement, fltted with
non-return grout valves In the lower
part of the plpe, In order that the
bonding to the ground could be created
by grouting cement mixture at high
pressure.

The microplles were also to be fitted wlith an

inner steel rod In order to preload the

microplles before they were bonded to the foun-
dation beams. After that the rods were to be re-
lieved and the plpe filled with cement mixture.

Two types of mlcroplles, 250 and 450 kN

allowable 1load, were deslgned, which had to be

preloaded to 200 and 350 kN respectlively.

EXISTING WALL

R
R FOUNDATION
Q g REINFORCING
- &
i
STRESSED BOLTS
20/2.0m
MICROPILE
Flg. 4 - Foundatlon relnforcement and
temporary underpinning.
6 - CONTINUOUS PIER FOUNDATION WITH SOIL
FREEZING TECHNIQUE
As we mentloned above, to construct the
perimeter retalning wall below the fagades of
the Building, It was declded to make adJacent

plers by using the soll freezlng technlque.

First of all, it
strengthen the

was considered advlisable to
spread foundation of the walls
by placing two relnforced concrete beams
(0.40 x 1.50 m) In a simllar way as descrlbed
above for the temporary underpinning.

After that, the constructlon process was to be

the following (see Flgs. 5 and 6):

1) In a flrst phase, 16 thick hollow
cylinders of frozen soll were to be
constructed, with the followling

characterlistlcs:

- Inner #: 4.0 m to 4.5 m
- thlickness: approx. 1.0 m
- distance between axes: 6.5 m. to

7.0 m approx.

1) Exacatlon was to be carrled out Inslde
the cyllinders In alternate order and
rectangular plers were to be concreted,
2.0 or 3.0 m long.
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SECOND PHASE CYLIMDERS
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Fig. 5 - Plant of frozen soll
pler foundatlon panels.

cylinders and

IRED] The <cyllinders were to be
properly compacted soil.

fllled with

iv) In a second phase, 15 Intermedlate
cyllinders of frozen soll were to be
constructed (5.0 m Inner B).

v) Excavatlon was to be carrled out Inside
the second phase cylinders and

rectangular plers 4.0
were t6 be concreted,
of the flrst phase.

or 4.5 m long
Jolned to those

vi) The second phase cylinders were to be
filled with properly compacted soll.

FOUNDATION 50
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Flg. 6 - Sectlon of a frozen soll cylinder
and a pler foundation panel. Anchors

are placed during general excavatlon.
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7 - GENERAL EXCAVATION PROCEDURE

After the perimeter wall and the Inside
underplnnling works were completed,as described
above, the general excavatlon was to be
executed according to the followlng procedure:

1) Flrst of all the anclent structures had
to be braced In order to obtaln overall
rigldity for them.

11) The excavatlon had to progress In three
phases down to levels -2.8m, -6.5m
and -11.5 m placlng two rows of
temporary anchors grouted Into the
ground at -2.8 m and -6.5 m levels.

1il) As the excavatlon progresses the
mlcroplles are to be convenlently
braced each 2.0 m In order to <create
temporary supports (Fig. 7)

Tv) When the bottom of the excavatlon |Is
reached (~11.5 m level) the permanent
structure Is to be constructed and the
mlcroplles then removed.
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Flg. 7 - Temporary supportlng structure made

wlith mlcroplles durlng general
excavatlon.

8 -~ CONSTRUCTION

The works for the rehabllitatlon of the ''"Casa

del Cordon" Bullding began 1n June 1.983. They
were contracted to Agroman Company assoclated
wlith Rodlo Company to perform the soll
freezling works.

To date (June 1.984) the works of underpinning
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and the perimeter retalnling wall have been
completed and the general excavatlon has Just
started. Durlng the perlimeter retalning wall
constructlon the water table level rlsed about
50 cm.

For the <constructlion of the pler foundatlon
panels below the fagades, wusling the frozen
soll technlque, two freezing plants were used,
of 160,000 Kcal/h refrigerating power each.

Along the perimeter of each cyllnder of frozen
soll, about 24 freezer polnts were Installed,
approx. every 0.80 m, to freeze soll In about
1.0 m thickness. As coollng fluld, a terpene
mlx was used Instead of brine.

Each cyllnder of frozen soll took about 15
days to create. The soll temperatures and the
frozen soll evolutlon was monlitored by thermo-
electric couples Installed In the ground and
automatlically controlled by mlcrocomputer.

Excavation Inslide the cylinders could be
started when the temperature at the
theoretlcal excavatlon boundary reached -59C.

The works for Inner excavatlon, relnforcement,
framework and concreting took about 25 to 30
days per cyllnder. Flg. 8 shows the construc-
tlon of a pler foundatlon panel Inslde a fro-
zen cylinder.

Durlng the works no relevant movements of the
fagades were observed nor any damage to same.

Flg. 8 - Constructlon of a pler foundatlon
panel Inslde a frozen soll cyllinder.

9 - CONCLUSION

The case hlstory reported here Indlicates that
the frozen soll technlque may be used for
bullding underplinning works, at least In sIml-
lar cases where the conflguratlion of the fa-
brics and foundatlons, (convenlently relnfor-
ced when necessary) prevents heaving risk.



