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SPECIAL INVESTIGATIONS REQUIRED RELATED TO OLD STRUCTURES 

ENQUETES SPECIALES RELATIVES AUX ANCIENNES STRUCTURES

V. Cuellar E. Dapena

Doctors in Civil Engineering 

Geotechnical Laboratory. CEDEX (MOPT) 

Madrid, Spain

SY N O PSIS: T his paper covers the use o f  special non-conventional m ethods to obtain geotechnical inform ation in historical constructions 

w here the preservation o f  the zones investigated is o f  param ount im portance. Am ong the d ifferent in situ techniques available to the 

geotechnical engineer, geophysical m ethods such as resistivity p rofiling , propagation o f  surface w aves and ground penetrating radar, have been 

selected due  to their non-destructive character. Using those m ethods the G eotechnical L aboratory o f  the Public W orks Study and Research 

C enter (C ED EX ) has collected valuable data concerning the behaviour o f  som e facilities existing a t the historical site o f A lham bra in G ranada.
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IN T R O D U C T IO N

In the follow ing sections a b rie f  review  is m ade o f  som e 

experim ental and analy tical procedures that can be  used to 

investigate the geotechnical behav iour o f  old structures. T o 

illustrate their application , tw o constructions in A lham bra site have 

been choosen.

R E T A IN IN G  W A L L  IN  T H E  S U L T A N A  Y A R D

In the palace that used to be  the sum m er house o f  the m edieval 

sultans there is a very old 5 m high retaining w all w hich in the 

spring o f  the year 1991 exhibited large lateral disp lacem ent that 

could endanger its stability . D ue to the historical value o f  the 

structure, and in o rder not to in terfere  w ith visitors to the palace, it 

was decided to stabilize the wall by strengthening its backfill 

m aterial. A ccordingly , it w as grouted using sleeve p ipes, the 

p ressure and flow  o f  the g routing  m ixture being contro lled  very 

strictly. T he m ethods used to assess the physical conditions o f  the 

backfill m aterial before and after that treatm ent a re  briefly  

com m ented in the follow ing paragraphs:

D C  R esistiv ity  p ro filin g

R esistivity p rospecting  m ethods em ploy an artificial source o f  

current w hich is in troduced into the ground through point electrodes 

and potentials are  m easured at o ther e lectrodes in the vicinity  o f  the 

current flow . A ssum ing a given d istribution o f  actual resistivities in 

the ground and solving the d ifferential equation that governs the 

distribution o f  the electric potential around a poin t source o f 

curren t, the potential values at d ifferen t points can be determ ined 

and com pared w ith the potential values m easured in situ. I f  they 

d iffer by a  substantital am ount the actual resistivity m odel can be 

m odified to obtain a  new  solution and the process be repeated until 

a reasonable agreem ent betw een the theoretical and m easured 

values is reached.

F ig. 1. A pparent resistiv ity  values determ ined with double-dipole 

arrays on the backfill o f  Sultana yard.

T o investigate the degree o f  com pactness o f  the backfill m aterial 

before it w as grou ted , several resistiv ity  profiles w ere carried  out 

on its su rface em ploying a  double-d ipole array . Then a  F in ite 

E lem ent p rogram  w as used to set up a theoretical m odel for the 

d istribution o f  actual resistivities w ithin the backfill mass. A t each 

step o f  the trial and e rro r  process used to reach a final solution, the 

apparent resistivity  values calculated w ere com pared w ith those 

m easured in situ. F igu re  1, show s a 3-D  plo t o f  the latter values. 

T he high resistive zones identified in the m odel, indicative o f  high 

porosity  non-saturated m aterials, w ere later on confirm ed by the 

high adm ission rates detected when grouting those particu lar zones.

S p e c tra l A nalysis o f  S u rfa c e  W aves.

Surface w ave m ethods, not requiring  the drilling  o f  boreholes for 

the determ ination  o f  shear w ave velocities within a soil m ass, are 

now  becom ing w idely accepted am ong engineers. Basic to the 

method is the determ ination  o f  the so called dispersion curve in the 

field w hich reflects the geom etrical and elastic properties o f  the 

d ifferent ground layers at each observation point. A m ong the 

d ifferen t procedures existing to collect data in situ, the Spectral 

A nalysis o f  S urface W ave m ethod (SA SW ), S tokoe and N azarian
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P H A S E  V E L O C I T Y  (m/s)

Fig . 2 .-  D ispersion  curves obtained from  backfill a t Sultana yard.

(1984) has proved  to be  a  h ighly cost-effective non-destructing 

technique C ue llar (1992). T he test is conducted by placing two 

recievers on the g round surface at a  preselected spacing and 

appliying a  vertical im pulse a t a certain  d istance to generate  a 

transient signal contain ing  the range o f  frequencies needed to 

construct the dispersion  curve  at the m iddle poin t betw een 

receivers.

W ith a  view  to checking the efficiency o f  the grou ting  in the 

Sultana yard , su rface w ave tests w ere carried  out on the backfill 

before and after the treatm ent, and dispersion curves sim ilar to 

those indicated in F ig u re  2 w ere obtained at d ifferent points. T he 

interpretation o f  those curves led to post-grouting  shear m oduli o f  

the backfill ranging  from  5 to 10 tim es the values obtained before 

the injection took place.

W A L L  F O U N D A T IO N  IN  SA N T A  E L E N A  C A S T L E

In o rd er to investigate the foundation conditions o f  the w alls in 

Santa E lena castle , located in a  place locally  known as "the m oorish 

chair" on top o f  the A lham bra site, the follow ing tchniques have 

been used:

Seism ic re fra c tio n

Several surveys, parallel to the w alls, w ere perform ed in the 

in terio r yard o f  the castle. T hey w ere im plem ented w ith o thers in 

the outside perim eter o f  the structure. T he in terpretation  o f  the 

seism ic profiles allow ed the determ ination o f  a surficial layer in the 

ground, w ith a low  P-w ave velocity value, reaching a  m axim um  

thickness o f  5 m near a zone o f the wall w here signs o f  large 

settlem ents had been observed.

G ro u n d  p e n e tra t in g  r a d a r

To further exp lore the existence o f  anom alies in the subsoil, that 

could affect the behaviour o f  the w alls, several ground penetrating 

radar p rofiles w ere obtained with a 500 M H z antenna. This 

technique, being based in the analysis o f  the arrival tim es and 

am plitudes o f  the reflections experienced by short pulses o f  

electrom agnetic energy, can be used to obtain inform ation about the

30  m. 25 m. 20m.

F ig . 3 .-  D istinctive m aterials identified  in a  rad ar p ro file  close to 

the w all o f  Santa  E lena castle.

location and nature  o f  d ielectric d iscontinuities inside a  m aterial 

m ass, C u illa r  e t al. (1993). Its high degree o f  resolu tion  m akes it a 

very  su itable m ethod to delineate buried features close to the 

ground surface that can affect the behaviour o f  civil constructions. 

F igu re  3 show s the  continuous p ro file  o f  w iggle traces constructed 

with the reflected energy captured  by the  antenna in one  o f  the 

traversees carried  ou t besides a  zone w here  the  w all w as badly 

cracked. T he d isturbed zone in that figure revealed the existence o f  

d istinctive m aterials and sm all cavities in the ground through w hich 

w ater from  heavy rains could easily perco late  dow n to the 

foundation system  o f  the wall affecting  its shear resistance.

C O N C L U S IO N S

G eophysical m ethods, such as those com m ented in this w ork , when 

applied correctly  constitu te  reliab le  p rocedures to obtain the elastic 

p roperties o f  soil foundations, to detect anom alous zones in the 

ground and to ju d g e  the degre  o f  im provem ent achieved w ith som e 

ground treatm ents. T heir non-destructive character m akes them 

very adecuate to investigate the foundation conditions o f  old 

build ings and m onum ents o f  g reat historical value.
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