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SYNOPSIS : The problem of Instrumentation of Ancient Monuments and Historical Sites is closely related to the methodology of the preservation of historic sites 

as it is defined by the TC19, sponsored by the Associazione Geotecnica Italiana (AGI) Italian Member Society of ISSMFE. The evaluation of the Ground Monument 

System (GMS) requires a tfiree steps analysis consisting of the basic solution, subsidiary provisions and the plan of control and monitoring procedures. The latter 

are described and the latest references are given.

IN T R O D U C T IO N

Reconnaissance and Instrumentation o f soils and ancient foundations and 

more generally o f  historical monuments and sites should help answering two 

questions:

■ W hat is the ground monument system GMS as defined in. AGI(199L) 

in its present state?

■ How will this system respond to restoration works?

A methodology o f elaborating answers to these questions has been presented 

by the Italian Member Society on the occasion of the X European Confer

ence on Soil Mechanics and Foundation Engineering e.g. AGI (1991) and is 

now being developed by the Technical Committee on Preservation o f  Histor

ic Sites T C I9. The use o f  Instrumentation to support this methodology is 

summarized in the next chapters.

O R IG IN A L  S T A T E  O F  T H E  GROUND MONUMENT SYSTEM

For the purpose o f  an engineering approach, an old monument is a highly 

complex geotechnical system, which can be defined as a GMS. The mechani

cal behavior o f a  GMS depends on the interactions between ground and 

foundation as well as between foundations and superstructure. Therefore, 

successful results can only be achieved if  the GMS is analyzed as a  whole.

In most cases, neither the type o f foundations, nor the characteristics of 

these foundations are known. The material consists frequently o f masonry 

used for footings or other types o f foundations. These footings can rest or 

not on piles, generally made o f  wood, or on masonry pits made of aggregates 

o f  different origins, depending on the region.

The question is to establish the presence o f deep foundations under a con

struction. Reconnaissance techniques should give the possibility to assess 

the presence and the depth o f  deep foundations. The most used method in 

this field, the Parallel Seismic Analysis applied in carefully labeled supports 

generally gives an answer to this question.

Although its applications are limited, the Radar Analysis should also be able 

to give complementary information about the existence o f  foundations due to 

its ability to visualize the contact between structure and foundation.

In very special examples like the pyramid o f  Kheops, cavities were investi

gated by the use o f  Seismic Transparency and Microgravimetry.

Whenever no documents describing the ground monument system  are avail

able, it is necessary to try and rebuild the thoughts o f the original builders.

The fundamental gaps o f knowledge can be temporarily filled with hypoth

eses based on historical and archeological research aiming at highlighting 

the events experienced by the system. In turn, these assumptions must be 

tested in the light o f physical evidence including the monitored data.

Suitable graphical models and synthetic representations o f  complex objects 

involving a detailed geometrical description can be very helpful, when it 

comes to test different historical hypotheses o f  past transformations. Com

puterized representations o f these advanced models can be easily updated 

when new monitored data  become available.

B E H A V IO R  O F  T H E  GROUND MONUMENT SYSTEM  D U R IN G  

R E S T O R A T IO N

Engineering analyses aim at forecasting the mechanical response o f  the GMS 

subjected to estimated future actions. In order to successfully complete the 

engineering analyses, a comprehensive study o f  the GMS is required which 

enables:

1 Thorough identification and characterization o f geotechnical 

situations;

2 Interpretation o f failure mechanisms and deformations induced by 

soil movements;

3 Choice o f  suitable mechanical models for computational purposes;

4 Assessment o f service and ultimate limit states;

5 Selection o f reasonable safety factors;

6  Engineering strategies and their relevant measures;

7 Definition o f a monitoring program;

8 Operation guidelines.
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Owing to uncertainties, conventional design methods are often replaced by 

an observational approach based on a three steps procedure:

1 The basic solution which results from a reasonable characterization 

o f the system based on available data;

2 The subsidiary provisions concern the construction processes to be 

undertaken whenever a better evaluation o f important factors or 

critical parameters during construction yields values that differ from 

the predictable admissible ones;

3 The plan o f  control and monitoring procedures, defined at the 

design stage, is aimed at evaluating those factors that must be kept 

under control. I f  the observed response o f the structure differs from 

the expected one, correction measures must be taken to adjust design 

to real conditions.

Once a basic GMS being established, the choice o f the monitoring system or 

instrumentation can be best made to search for possible correlation with fac

tors presumably related to main disturbing actions.

Data acquisition is recommended, provided the relevant plans are closely re

ferred to critical values o f parameters governing the presumed limit states, 

proceeding by trial and error. It is difficult to predict the signifying or the 

critical places, so the number o f sensors must generally be important and 

these must be distributed in the GMS. The captured data must be centralized 

and treated. Regarding the differential settlements, the amplification o f the 

movements by the height o f the construction is often used by placing the sen

sors much higher than the foundations. The most current techniques are H y

draulic Settlement Gauges, Extensometry Techniques for monitoring the 

fissures, and Inclinometers at the highest levels.

It should be emphasized that the quality o f the monitoring supposes that it 

starts before action and ends after it, taking into account the records o f sea

sonal variations.

Examples o f this methodology can be found in the bibliographic study T C 19 

(1993) and in Riccioni and Rossi (1990).

E X P E R IM E N T S  A N D  IN S T R U M E N T A T IO N

On-site testing o f soils and rocks and o f structural members are necessary to 

assess the GMS. It includes:

1 Geotechnical load tests in boreholes,

2 M inim um  disturbance sampling techniques,

3 Stiffness, strength and ductility testing o f beams, arches and shells,

4 N on destructive indirect methods like optical soundings to explore 

cavities and other inaccessible sites, thermography and sonic 

spectroscopy to evaluate dishomogeneities, micro-gravimetry, 

sclerometer and penetrometer as light sounding operations;

5 Seism ic measurement parallel to existing old piles or foundation 

structures by Temporal (M icro-Seism ic Transparency) or Frequency 

Analysis,

6  Radar.

Absolute and relative deformations and displacements under static or dy

namic actions are measured using the tools o f the experimental stress and 

strain analysis:

1 Mechanical or electrical strain-gauges (linear or rosettes),

2 Electrical transducers,

3 Rotating laser,

4 Sighting stakes,

5 Hydraulic settlement gauges,

6 Piezometers and Inclinometers.

Temporal (M icro-Seism ic Transparency) Analysis

An  impulse at the head o f a pile initiates a seismic \yave which is measured 

by a seism ic sensor inside a boring parallel to the pile. The elapsed time 

grows nearly linearly with the depth as long as the pile exists and follows a 

hyperbolic law when the pile vanishes. If  the distance between pile and bor

ing is short, the diagram is practically bilinear and the cross-point indicates 

the existing length o f the pile e.g. De Sloover (1993). If  the soil is severely 

remolded around the pile, the result is hardly influenced because nearly all 

the information is contained at the base level.

Frequency Analysis

Th is technique is comparable to the temporal analysis, but it adds some in

terpretation o f the frequency content o f the transmitted signal. The presence 

o f fissures can be made apparent.

Rotating Laser

The French program IT E L O S  develops a system o f displacements measure

ments o f constructions based on the intensity o f the beam captured by trian

gular photo-cells. The range is 300m and the resolution l/20mm with a 

frequency o f 10 to 20 r/sec.
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Description Of Some Recent Techniques

Instrumentation for on-site measurements o f the state o f stress include:

1 Overcoring methods

2 Flat jack methods

The acquisition o f the data is usually gathered by a local microcomputer or 

through Minitel.
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