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Foundations for the rehabilitation of an ancient building

Fondations pour la réhabilitation d'un ancien bâtiment

F. MUZAS, Dr. Ingeniero C.C.P., Rodio, Madrid, Spain

F. MORENO-BARBERA, Dr. Arquitecto, Madrid, Spain 

A. URIEL, Dr. Ingeniero C.C.P., Agromán, Madrid, Spain

SYSNOPSIS The problems are descr ibed In connect ion with a r e h a b i l i t a t i o n  p ro ject  o f  a 15th Century 
bu i l d i ng  In Burgos (Spain) Involving the excavat ion of  three basement le ve ls  below groundwater 
leve l  and having to conserve several parts of  the ancient bu i ld in g .  An ana ly s is  Is made of  the 
d i f f e r e n t  problems encountered. The so lu t i on  f i n a l l y  adopted, at present being c a r r ie d  out, 
Includes a perimeter re ta in in g  wal l  constructed Just below two façade wa l l s ,  by means o f  the so i l  
f r eez ing  technique and the temporary underpinning o f  the I n t e r i o r  wa l l s  by means o f  a r e i n fo r c i ng  
s t ruc tu re  con s is t in g  of  m lc rop l l e s .

1 - INTRODUCTION

The "Casa del Cordon" Bu i l d ing  Is a f o r t i f i e d  
palace b u i l t  In the c i t y  o f  Burgos (Spain) 
dur ing the la s t  years o f  the f i f t e e n t h  Century. 
I ts  a r ch i t e c tu ra l  const ru ct ion  corresponds to 
the t r a n s i t i o n  between the Gothic and 
Renaissance s ty le s .

Nowadays the bu i ld in g  belongs to the "Caja de 
Ahorros Munic ipa l  o f  Burgos" which decided to 
r e h a b i l i t a t e  It to Instal  the company's head 
o f f i c e s .  The pro jet  Includes the excavat ion of  
a c e l l a r  11.5 m high, wi th three le ve ls ,  to 
lodge a Conference H a l l ,  safe box f a c i l i t i e s  
fo r  c l i e n t s  and underground parking.

The Fine Arts  A u t ho r i t i e s  have given permission 
fo r  the r e h a b i l i t a t i o n  works o f  the Bu i ld ing 
but have Imposed the cond i t io n  that several 
par ts  o f  the palace must be conserved, such as 
two fa çades, the cent ra l  c l o i s t e r  and a l a te ra l  
arcade.

Fig .  1 shows the p lant  o f  the Bu i l d ing  and the 
parts  that must be conserved dur ing the works. 
The to ta l  surface area Is about 4,000 m2,70% 
corresponding to the palace and 30% to old 
houses, the grounds o f  which are Incorporated 
Into the palace bu i ld in g .

Fig.  2 shows a view of  the Bu i l d ing  correspond 
1ng to the façade onto Calvo Sotelo  Square.

The wa l l s  o f  the palace are constructed o f  cut 
l imestone b locks laying on a spread foundat ion
1.5 m wide, made of  stone and l ime mortar.The 
foundat ion depth Is about 2.0 m from ground
1 eve 1 .

I I )  gravel and sand down to 4.0 to 6.5 m 
depth;

M l )  s l l t y - s andy  c lay ly ing 2.0 to 3.0 m 
th i c k  In some zones;

0 5 10 15 20m

GROUND CONDITIONS

The geo log ica l  s o i l  p r o f i l e  o f  the ground Is 
as f o 11ows:

1 ) b a c k f i l l ,  about 2.0 m deep;
F ig .  1 - P lant  o f  the "Casa del Cordón" and 

c ro ss - sec t i on  o f  the new Bu i l d ing .
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Iv) marl w i th  gypsum ly ing  from about 6.0 to 
10.0 m depth downwards.

F ig .  2 - View of  the "Casa del Cordon" Bu i ld ing

F ig .  3 shows the mean so i l  p r o f i l e .  The water 
tab le  l i e s  at about 2. 5 m depth with  a small 
gradient  towards the Ar lanzon R iver that f lows 
pa r a l l e l  to the façade onto Calvo Sotelo Square 
and about 150 m away.

F ig .  3 - Mean geo log i ca l  so i l  p r o f i l e  and 
bu i ld in g  underground leve ls .

3 - DESIGN PROBLEMS ENCOUNTERED

Due to the ground cond i t ions ,  mainly the 
presence of ground water and the permeabi l i ty  
o f  the gravel and sand layer ,  and a lso  due to 
the above mentioned pro ject  c h a r a c t e r i s t i c s ,  
several problems arose.

These problems may be resumed as fo l lows:

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

II ) need of  a support ing s t ru ctu re  to bear 
the ground and water th rust s .

I l l )  need to brace some parts of the ancient 
bu i ld in g ,  during the c e l l a r  excavat ion 
works, un t i l  the permanent supports 
were constructed.

Iv) need to r e s t r i c t  as much as pos s ib l e  
the movements o f  those s t ru c tu ra l  
par ts  of  the palace that must be 
conserved In order to avoid damage 
dur ing the works.

4 - SOLUTIONS ADOPTED

In order to solve the problems that have just  
been resumed, Rod Io Company co l l abo ra ted  wi th 
the Pro jec t  Manager Dr. o f  A r ch i t ec tu re  
F. Moreno-Barbera.

The p o s s i b i l i t i e s  o f  several foundat ion 
techniques were ana l l zed to answer the 
requirements and to solve the problems. 
Subsequently, the s o lu t i on  adopted was as 
fo l  1ows:

I) Temporary underpinning o f  a l l  the 
s t ru c tu ra l  elements that must be 
conserved Inside the Bu i l d ing .

II ) Pe r imet r ic  re in fo rced concrete wa l l ,  
embedded In the marls,  In order, to 
create a re s i s tan t  and water-proof  
enclosure,  permit t ing the ground to be 
excavated Inside t h i s .

I n i t i a l l y ,  f o r  t h i s  la s t  purpose, a diaphragm 
wa l l ,  constructed by the s l u r r y  trench 
tecnlque,  was designed, s i t ed  along the 
perimeter l i n e  except along the façades to be 
conserved where the diaphragm wal l  was s i ted 
Just Inside.  The s o lu t i on  could be ca r r ie d  out 
along a l l  the perimeter l i n e  except In three 
separate zones located In the façades, where 
the machynery was not able to work. In those 
three zones the s o l i  f r eez in g  technique was 
envisaged as a way to complete the perimeter 
wa l l .  F i n a l l y ,  the need f o r  space Inside the 
c e l l a r  made It necessary to locate  the 
perimeter wal l  ju st  below the ex i s t i ng  
façades. So f o r  a l l  t h i s  zone of  the bu i ld in g  
the so i l  f r eez in g  technique was adopted In 
order to const ruc t  a contlnous p i e r  
foundat ion, a lso  serving as per imetr ic  
retaInIng wa l1.

5 - TEMPORARY UNDERPINNING CHARACTERISTICS

The purpose o f  the underpinning was to 
t r an s fe r  the loads o f  the s t ru c tu ra l  elements 
that must be conserved from the ex i s t i n g  
foundat ions to the ground below the c e l l a r  
excavat ion bottom.

For t h i s ,  the system designed was as fo l lows:

I) The ex i s t i ng  foundat ions had to be 
strengthened by two re in for ced concrete 
beams CO. 5 x 1. 3 m) which had to be 
pressed over the spread foundat ions by 
means o f  s tressed steel  bo l t s ,  as 
Indicated In F ig .  4 ( 2 steel  bars 40 mm 
0 every 2. 0 m, stressed to 500 kN).

II ) The foundat ions had to be underpinned
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w ith  "Ropress" m lc ro p lle s  that have a 
s te e l p ipe re in forcem ent, f i t t e d  w ith  
non-return  grout va lves In the lower 
part o f the p ipe, In order that the 
bonding to the ground cou ld be created 
by grouting  cement m ixture at h igh 
p re ssu re .

The m lc ro p lle s  were a lso  to be f i t t e d  w ith  an 
Inner s tee l rod In order to pre load the 
m lc ro p lle s  before they were bonded to the foun­
da tion  beams. A fte r  that the rods were to be re ­
lie ved  and the p ipe f i l l e d  w ith  cement m ixture. 
Two types o f m lc ro p lle s , 250 and 450 kN 
a llow ab le  load, were designed, which had to be 
preloaded to 200 and 350 kN re sp e c t iv e ly .

I  3. 75 3. 25 I  3. 00 . 3. 65 j  3. 00 j  4.4. 85

F ig . 5 - P lan t o f frozen  s o i l  c y lin d e rs  and 
p ie r  foundation  panels.

I l l )  The c y lin d e rs  were to be f i l l e d  w ith  
p roperly  compacted s o i l .

Iv) In a second phase, 15 Intermediate 
c y lin d e rs  o f frozen  s o i l  were to  be 
constructed  (5.0 m Inner 0).

F ig . 4 - Foundation reinforcem ent 
temporary underp inn ing.

and

v) Excavation was to be c a rr ie d  out Inside
the second phase c y lin d e rs  and 
rec tangu la r p ie rs  4.0 or 4.5 m long 
were to be concreted, Jo ined to those 
o f the f i r s t  phase.

6 - CONTINUOUS PIER FOUNDATION 
FREEZING TECHNIQUE

WITH SOIL

v l) The second phase c y lin d e rs  were to be 
f i l l e d  w ith  p roperly  compacted s o i l .

As we mentioned above, to con stru c t the 
perim eter re ta in in g  w a ll below the façades o f 
the B u ild in g ,  It was decided to  make adjacent 
p ie rs  by using the s o i l  fre e z in g  technique.

F i r s t  o f a l l ,  It was considered adv isab le  to 
strengthen the spread foundation  o f the w a lls  
by p la c in g  two re in fo rce d  concrete beams 
(0.40 x 1.50 m) In a s im ila r  way as described 
above fo r  the temporary underpinn ing.

A fte r  th a t, the con s tru c t io n  process was to be 
the fo llo w in g  (see F ig s . 5 and 6):

D In a f i r s t  phase, 
c y lin d e rs  o f frozen 
constru cted , w ith  
c h a ra c te r is t ic s :

Inner 0: 4.0 m to 4.5 m 
th ickness: approx. 1.0 m 
d is tan ce  between axes:
7.0 m approx.

16 th ic k  hoi 1ow 
sol 1 were to be 
the f o l 1 owlng

6.5 m. to

ID Exacatlon  was to be c a rr ie d  out Inside 
the c y lin d e rs  In a lte rn a te  order and 
rec tangu la r p ie rs  were to  be concreted,
2.0 or 3.0 m 1ong.

FOUNDATION 

REINFORCING BEAM

„1,50. FREEZER POINTS

r

MARI WITH 
GYPSUM

WX. ~2. 50

FROZEN SOI L

¿-»•so

F ig . 6 - Section  o f a frozen  s o i l  c y lin d e r  
and a p ie r  foundation  panel. Anchors 
are p laced during general excavation.

MICROPILE

FOUNDATION

REINFORCING

BEAM

STRESSED BOLTS 

2 U /  2 .0  m

EXISTING WALL
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7 - GENERAL EXCAVATION PROCEDURE

A fte r  the perim eter w a ll and the Inside 
underpinning works were completed,as described 
above, the general excavation  was to be 
executed accord ing to the fo llo w in g  procedure:

I) F ir s t  o f a l l  the ancien t s tru c tu re s  had 
to be braced In order to ob ta in  o v e ra ll 
r ig id i t y  fo r  them.

II)  The excavation had to progress In three 
phases down to le v e ls  -2 .8 m , -6 .5 m  
and -11.5 m p la c in g  two rows o f 
temporary anchors grouted Into the 
ground at -2.8 m and -6.5 m le v e ls .

and the perim eter re ta in in g  w a ll have been 
completed and the general excavation  has Just 
s ta rte d . During the perim eter re ta in in g  w all 
con s tru c t io n  the water ta b le  le ve l r lse d  about 
50 cm.

For the co n s tru c t io n  o f the p ie r  foundation  
panels below the façades, using the frozen 
s o i l  techn ique, two fre e z in g  p lan ts  were used, 
o f 160,000 Kca l/h  r e fr ig e ra t in g  power each.

Along the perim eter o f each c y lin d e r  o f frozen 
s o i l ,  about 24 free ze r po in ts  were In s ta lle d ,  
approx. every 0.80 m, to freeze  s o i l  In about
1.0 m th ickness . As co o lin g  f lu id ,  a terpene 
mix was used Instead o f b r in e .

I l l )  As the excavation  progresses the 
m lc ro p lle s  are to be conven ien tly  
braced each 2.0 m In order to create  
temporary supports (F ig .  7)

Iv) When the bottom o f the excavation  Is 
reached (-11.5 m le v e l)  the permanent 
s tru c tu re  Is to be constructed  and the 
m lc ro p lle s  then removed.

Each c y lin d e r  o f frozen  s o il took about 15 
days to c rea te . The s o l i  temperatures and the 
frozen  s o l i  evo lu t io n  was monitored by thermo­
e le c t r ic  coup les In s ta lle d  In the ground and 
au tom atica lly  c o n tro lle d  by microcomputer.

Excavation Inside the c y lin d e rs  cou ld be 
s ta rted  when the temperature at the 
th e o re t ic a l excavation  boundary reached -5QC.

EXISTIMO FOUNDATION FOUNDATION 

REINFORCING BEAM

GROUTED

BONDING

LENGTH

F ig . 7 - Temporary supporting s tru c tu re  made 
w ith  m lc ro p lle s  during general 
excavatI on.

The works fo r  Inner excavation , re in forcem ent, 
framework and concre ting  took about 25 to 30 
days per c y lin d e r .  F ig . 8 shows the co n s tru c­
t io n  o f a p ie r  foundation  panel Inside a f r o ­
zen cy1 Inde r .

During the works no re levan t movements o f the 
façades were observed nor any damage to  same.

F ig . 8 - Constru ction  o f a p ie r  foundation  
panel Inside a frozen  s o i l  c y lin d e r .

CONCLUSION

8 - CONSTRUCTION

The works fo r  the re h a b llI ta t lo n  o f the "Casa 
del Cordon" B u ild in g  began In June 1.983. They 
were con tracted  to Agroman Company assoc ia ted  
w ith  Rodlo Company to  perform the s o li 
fre e z in g  works.

The case h is to ry  reported here Ind ica tes  that 
the frozen s o i l  technique may be used fo r  
b u ild in g  underpinning works, at le a s t In s im i­
la r  cases where the co n f ig u ra t io n  o f the fa ­
b r ic s  and foundations, (conven ien tly  r e in fo r ­
ced when necessary) prevents heaving r is k .

To date (June 1.984) the works of underpinning
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