
DIAGNOSTIC TECHNIQUES OF THE 
' 

BUILDING CONSTRUCTION SYSTEMS 
IN THE MEDINA OF FES 

Introduction 

The use of "non destructive" diagnostic techni
ques assumes a preliminary analysis of building 
deterioration aimed at setting priorities for dete
rioration levels, otherwise it would be impossi
ble to apply indiscriminately techniques to all 
historical buildings in the Medina covering a 
surface of about 300 ha and 16,000 buildings. 
Of these , there are 8,000 buildings of historical 
value dating back to 61

h c. a.D. to be restored 
and/or rehabilitated and which account for a 
surface of 124 ha.; 2400 'nee-traditional' buil
dings to be rehabilitated over a surface of about 
24 ha; and 25 modern buildings with apart
ments to be redeveloped. (2) 
According to the provisions -of the Town 
Extension Plan, the study was limited to the 
oldest part of Medina, which is also the most 
threatened by deterioration. 
Preliminarily, it was necessary to perform an 
empirical assessment in order to reduce investi
gation priorities to the building units in condi
tions of extreme deterioration, with actual risks 
of collapse , and consequently of people safety. 
Later, based on the assessment of the degree 
of structural deterioration, the most suitable dia
gnostic technique/s were applied to ascertain , 
confirm or verify the results of the empirical 
investigation. 
The greatest attention was paid to the condi
tions of buildings in the central quarter surroun
ding Karaouine mosque. 
This quarter includes different production and 
craftsman businesses as well as product tra
ding along the ways crossing the Medina, which 
are the true rib of the town structure (3). (Fig. 1 
- Structuring pathways) . 

1. Performed investigations 

The main way runs in the Medina starting from 
"Bab Bou Jeloud" gate. This gate giving access 
to "Fes el Bali" (Ancient Fez) has two openings, 
the one on the left in the fortified structure of 
Merindian age, and the other on the right deco
rated in ceramic ti les , which is more recent 
(1913) and was built by the French during their 
occupation . (Fig . 2) 
This is also the highest point of the valley where 
the old town lays, which overlooked the defense 
walls of the old castle destroyed by the 
Almohade kings (1199-1213) , and on whose 
area the "casbha" was built to accommodate 
the Merinids during the construction of New Fes 
(Fes Djedid) . (Fig . 3) 
The Rue du Grand Talaa (or Rue Talaa Kebira) is 
the main road of Fes El-Bali and it is partially 
sheltered with mats to relieve sun heat in the hot
test hours of the day, particularly in summertime. 

202 

It winds among the market shops (Souk) and 
crosses the most important parts of the "medina". 
Some ten meters from the beginning of this 
road, there is Bou lnania mosque, which was 
built by the emir Abou lnan between 1350 and 
1357. Despite deterioration, the mosque keeps 
intact its importance. It used to be the most 
important religious college of the town and, 
indeed, on its entrance door on the main road 
there are still the bas-reliefs which distinguished 
important sites and "madrases" along the ways 
of the "medina". 
The sumptuous wooden door with bronze laye
red engravings, gives access to the lobby two 
floor high surmounted by a precious hand-car
ved cedar wood ceiling with regular stalactites. 
From the lobby you enter the court-yard paved 
in white and red marble and green onyx, while 
the court-yard walls are decorated with geome
trical patterns and arabesques on the plaster 
surfaces. The cedar wood timbering and fini
shing are all hand-carved and sometimes show 
painted surfaces. (Fig. 4) 
The timbering is surmounted by very projecting 
haunches to form a truss of green ceramic tiles, 
which was distinctive of important buildings as 
opposed to dwellings. 
The internal court-yard is crossed by a water 
canal , running along the worship hall, opposite 
the entrance. The canal could have replaced 
the central fountain for the ritual purification by 
washing. 
On the upper floors there are the cells for the 
students which show worrying cracks corre
sponding to wall junction to the outside main 
walls , revealing foundation walls are subsiding 
with a consequent deterioration of the horizon
tal floor structure, whose support beams are in 
some points translated , and a worrying deterio
ration of the roof floor. 
Several effects of structure deterioration depend 
on discontinuity of the structure cause by time. 
The main causes of structure deterioration are 
feeding and discharge water infiltration in the soil 
due to canalization clogging or breaking. 
Soil permeability is the cause of a different foun
dation deposit resistance with the consequent 
subsidizing of the load bearing walls mainly 
along the perimeter of buildings, often including 
several construction units; such a subsidizing 
results in crack patterns both on the outside and 
inside of buildings. 
During surveys, it was remarked deterioration 
due to the relative permeability of the upper
floor walls by ascending dampness, the conse
quent reduction of resistance to compressive 
forces and the progressive falling off of the pla
ster coating and sometimes of "stucco" and 
"gypsum" works (Fig . 5). 
This type of deterioration is well visible in Bou 
lnania Mosque where also the mosaics decora-
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ting the inner "court-yard" are jeopardized, and 
firmness of stucco works on walls are threate
ned, in spite of no sign of deterioration. 
Further on along the winding Rue du Grand 
Talaa among the small shops and craft work
shops, it has been noticed the road and the 
meeting streets are steadily crossed by waste 
water rivulets flowing hump-like on their sides 
and adding to soil moisture near the outside 
main walls of the buildings on the way (Fig . 6) . 
Lacking canalization , water is absorbed by soil 
contributing to soil subsidizing with effects simi
lar to those remarked at Bou lnania Mosque. 
Furthermore, due to the wide temperature 
range , water ascends from the subsoil onto 
walls , whose surface is generally deteriorated 
from foundation to a height of about 1.50 mt. 
This type of problem affects all the buildings 
along the way, about 1 and a half kilometer 
long, to Es Seffarine square where Seffarine 
Madrasa is, the oldest religious college of 
Morocco (founded in 13th c. by Abou Youssef 
and Yacoub) , whose layout reveals it was inspi
red to the early Mammeluc religious colleges of 
Cairo, with the only difference it has only one 
"liwan" instead of four, which were usually erec
ted on the four corners of the inner courtyard to 
represent the four schools of Islamic jurispru
dence. This can be explained by the fact that at 
the time of the Almoravids there was only one 
recognized law school , that of Malakites, and 
consequently only one "liwan" was meant as 
worship hall , the three other sides being occu
pied by a continuous porch. 
Saffarine Medersa is the oldest public and cul
tural center of "medina". 
In the "liwan" there are areas where plaster and 
stucco are falling off due to descending moistu
re from awning, which cannot be conveyed into 
descending discharge pipes. 
In student cells and in the awning the symptoms 
of degradation due to this phenomenon are evi
dent. 
Furthermore on the roof, the dangerous subsi
dizing of the minaret tower can be observed; it 
shows a vertical cleft and the coming apart of 
edges, which widens from bottom to top. 
The settl ing appears to be due to the increase 
of loads following the construction of other buil
ding units on the minaret roof, which caused a 
rotation of the outside walls on the horizontal 
axis (Fig. 7) . 
In this area , in the nearby of Karaouine 
University, other activities were started, partially 
incompatible with the site as they cause vibra
tions and accidental overloads increasing struc
ture deterioration. 
The same causes and the same building defi
ciencies, to different extents, were found in the 
dwellings in the area under examination . Some 
houses are indeed emblematic as they cover all 
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type of deterioration. 
The really precarious conditions of these hous
es appear in all their severity when compared to 
the well, though few, conserved houses of the 
"medina", which have mostly changed their ori
ginal function from dwellings to shops for the 
sale of clothes and/or carpets, and which often 
offer also catering services. 
The building structure is usually made of load 
bearing walls with preciously decorated wooden 
beam floors (Fig. 8). 
On the horizontal timbering of courtyards, such 
decorations of Arabic-Moresque taste are 
always present and they can sometime reach 
excellent levels of refinement. 

1. 1 - Structural characteristics 

The static construction system of the "medina" 
buildings is a load transmission system not lim i
ted to the single "unit" but which extends to the 
level of building compartment to a block, inclu
ding a number of "construction units", dwellings 
or for other uses. 
This interconnection between the different buil
ding units establishes a shared building support 
system, whereby if the settling of a structural 
element in a building unit occurs, its effects are 
spread also to its neighboring parts. 
Several effects of structure deterioration 
depend, indeed, on the discontinuity of the con
struction system caused by time. 
These structural deficiencies add to the high 
population and business density, which increas
es accidental loads and stresses on the already 
deteriorated structures. All this is clearly reflec
ted on the overall habitation conditions and on 
the progressive worsening of toilet waste water 
disposal , ever more inadequate for the growing 
needs. 
In private dwellings, raveling of walls rising 
through all stories is generally due to the same 
causes as identified before for the architectu ral 
emergencies: 
- excessive soil moisture; 
- loss of foundation deposits; 
- breaking of water feeding and discharge 

piping; 
- permeability of walls to ascending moisture; 
- wall permeability to rainwater infiltration from 

awning fall pipe; 
The effects can be seen in the falling off of pla
ster coat , decorations and stucco works; hence 
preventive examination of wall sticking condi
tions is necessary and appropriate using "non 
destructive" diagnostic techniques (thermo
graphic and/or ultrasound dynamic examina
tion). 
Several deficiencies of surface materials are 
due to the destruction of architectural elements 



4 - BOU INANIA MOSQUE. DECORATED WOODEN TIMBE
RING IN THE COURTYARD . . 

6A - DETERIORATION OF WALLS DUE TO ASCENDING 
MOISTURE. 

6B - DETERIORATION OF WALLS DUE TO ASCENDI NG 
MOISTURE. 
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5 - BOU INANIA MOSQUE: STUCCO AND GYPSUM LINING 
ON THE COURTYARD OUTSIDE WALLS. 

7 - ES SAFFARINE MINARET. 



protecting wall facing from weathering , 
washing-out and sun rays, for instance the 
"weathered tiles" corresponding to each floor 
level (Fig. 9) . These deficiencies, derived 
essentially from the complete absence of main
tenance, add to those due to moisture descri
bed above. In order to start a maintenance pro
gram, preventive investigation using infrared 
thermography is needed to identify, locate and 
quantify damages due to canalization lines insi
de walls. Some construction deficiencies can be 
ascribed to the complete absence of routine 
maintenance of coating surfaces. In many 
cases, the neglect of any form of maintenance 
has worsened damages and ruin so much to 
require extraordinary maintenance, which in 
itself implies the replacement of the irremedia
bly ravaged structural elements (Fig. 10). 

1.2 - Conservative reconstruction and rehabili
tation 

There are many different types and levels of 
deterioration in dwellings depending on the 
above mentioned causes of structural damage. 
Hence, any safeguard program rests on strate
gic choices concerning the reconstruction acti
vities , which can be of two types: 
- aimed at conservative reconstruction , which 

does not tend to recovering the constructional 
work for use in its original function , but to 
avoid further degradation and deterioration of 
the structures. 

In this case the constructional work is kept in 
the same conditions as at the time of survey. 
Or activities aimed at rehabilitation , that is at 
recovering the conditions and performances of 
the constructional work which will enable it to be 
used in its original function. 
Such a distinction is essential , for instance, for 
interventions on the "emerging" structure of the 
clock of Bou lnania Mosque, whose operation was 
finally broken by negligence and whose architec
tural details are only the elements of a mechanical 
structure which used to work long ago. 
The choice to recover the clock operation, and 
thus to rehabilitate it, implies the demolition and 
later reconstruction of destroyed elements, 
whereas conservation would only require a con
solidation intervention simply aimed at preven
ting progressive and further destruction of the 
present remains of its structures. 
In building structures meant for "reuse", that is 
for a different use from the original one, rehabi
litation should take into account the type of acti
vities the buildings are going to host. 
An example for this are the "fondouks", which 
were old hostels for vagrants and their beasts of 
burden. In the project guidelines of the "medina" 
safeguard program, the "fondouks" are general-
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ly meant to host cultural and/or gathering activi
ties, which require different building perform
ances from the original ones. 
An example is the "fondouk" on the road from 
Najarine Square to Karaouine Mosque, where 
the survey revealed building characteristics and 
material composition which witness of the bui l
ding techniques generally used in the "medina" 
buildings (Fig. 11 ). 
The exterior walls, 30-40 cm wide, are made of 
cross-laid bricks and lime-sand mortar; floor 
texture for small spans such as those of dining 
rooms composed of wooden beams at a distan
ce of 30 cm. and support boarding of the above 
block made of lime and sand mixed with straws. 
The floor was made by a layer of lime covered 
with fine mortar which was the treading surface 
simply with carpets on it (Fig. 12). 
Obviously, were these rooms meant to host 
activities causing accidental loads greater than 
those for which they were built, the structure 
must be reconstructed with materials, size and 
techniques allowing to bear the stresses of the 
new function it should accommodate. 
All this implies accurate choices as to the new 
destination from which depend the reconstruc
tion or rehabilitation operations which will allow 
a new exploitation of the constructional work. 

1. 3 - Scheduled maintenance 

Based on the observations, there is the need to 
develop a scheduled maintenance activity of 
the constructional elements on a town and buil
ding scale, which will make the structures guard 
the static properties which allowed them to resi
st time. 
To this purpose, if such properties are lacking 
the causes and degree of deterioration must be 
assessed in order to select the needed restora
tion and/or reconstruction operations; should 
these properties be still existing, though threa
tened by abandonment and negligence as in 
most of the building heritage in the "medina", it 
is sufficient to identify the most suitable mainte
nance interventions. 
This is true for instance for wooden beams 
exposed to weathering , which though ruined on 
the surface, accomplish well their original func
tions. 
Sometimes it is sufficient to reconstruct the var
nish film which , beside a decorative function, pro
tects the beams from external agents. (Fig. 14) 
The same applies to wall coating, which is the 
sacrificed surface (Fig. 15) protecting walls from 
washout. · 
All in all , scheduled maintenance has the aim to 
prevent further deterioration of the structural 
and architectural elements as well as costly and 
destructive reconstruction and restoration inter-



8 - DECORATION PATIERNS IN THE "COURTYARD" OF A HOUSE 

10 - WORKS FOR THE REPLACEMENT OF VERTICAL 
RISING STRUCTURES IN A HOUSE OF THE "MEDINA". 

11 - FONDOUK NAJARINE: CONDITIONS OF THE 
INTERNAL COURTYARD. 

207 

9 - INSIDE WEATHERED ROOF OF THE COURTYARD OF A HOUSE. 

12 - FONDOUK NAJARINE: FLOOR SECTION MADE VISI 
BLE AFTER COLLAPSE OF HORIZONTAL STRUCTURES. 
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13 - FONDOUK NAJARINE: SUPPORT CRIBBING 
OF THE INTERNAL COURTYARD. 



ventions, by simply reviving original lining and 
protections. Therefore this is therapy which 
could be called "omeopatic" in medical terms. 
For instance, in some cases it would be suffi
cient to increase roof tile overhanging to redu
ce the effect of washout on outside walls ; in 
other cases the repair of slope in awning cana
lization and down-pipes prevents the conse
quences of discharge water infiltration in walls 
and subsoil with all the deriving structural 
advantages. 
In order to carry out a program having these 
goals, the types and degrees of deterioration 
must be established to guide the application of 
non-destructive diagnostic techniques , and 
verify and possibly quantify hypotheses based 
on preliminary analysis and choose the most 
appropriate building recovery actions. 
This is indeed the goal of "non-destructive" dia
gnostic techniques, which are ever more essen
tial when the cause and level of the decay is 
known or supposed according to an "guidance" 
analysis of building deterioration essentially 
based on the empirical assessment of the con
ditions of the different structural elements: pri
mary, secondary, completing and finishing ele
ments (5) . 

2. Guidance assessment of deterioration 

For its overall value , the "medina" is to be regar
ded as an unrepeatable whole of great cultural 
interest not only for the Islamic community 
which recognizes itself in it , but on account of its 
original characteristics of ancient Mediter
ranean civilization which belong to the whole 
community. 
That is why the "medina" is not only a material 
wealth , but it meets spiritual and social needs 
connected to uses, not only local , which make 
of it a "cultural heritage" for the whole commu
nity which finds in urban and town life the natu
ral outcome of common social relationships 
which date back to the ancient Mediterranean 
civilization and whose features are still present 
in the development of the modern town. 
No doubt, Fez and the "medina" are a clear 
example of such an outcome. Indeed, it repre
sents "choral" building, which , despite being 
considered as "minor" for the materials and 
techniques used, redeems the "lower" value of 
buildings with the greater environmental worth 
of the built-up area. 
In this case it is impossible to draw a distinction 
between the value and the meaning of the 
terms "urban" and "building". After all , this is 
very difficult for all architecture dating back to 
"ancient" time (51

h c. BC - S1
h c. AD) 

Hence, although strictness in building recovery 
concerning th'e concepts of "conservation", 
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"rehabilitation" or "reconstruction" must be pur
sued at all cost, in this case it cannot refer 
merely to economic criteria. 
In the case of Fez, merely economic indicators 
would not support a recovery program, however 
social and cultural indicators show the need to 
safeguard, re-use , rehabilitate and reconstruct 
what was ruined by time. 
Such a need arises from the exigency to regain 
the stability conditions of multi-connected 
and/or interconnected building compartments in 
order to recover the structural continuity of bu il
dings in the "medina" (Fig. 16). 
There is no evolution of the types of buildings, 
which are based on a repetition of courtyard 
houses on two or three floors following the Koran 
precept suggesting Muslims " ... build your own 
house so that it does not looks into your neigh
bor's one". (Mohammed). Dwellings were not 
built as independent units the ones from the 
others, rather in time they have been made into 
a complex static system, giving rise to large 
multi-connected wall structures. (Fig. 17) 
The building criteria used in time can be sum
marized in the motto "working in progress"; the 
structural choices of the different ages were 
left to the know-how and intuition of skilled 
workers who chose construction modes and 
techniques based on their experience to deter
mine different forms of aggregation of the bu il
ding units. 
From a preliminary, but sufficient, survey of the 
conservation or, rather, deterioration conditions 
of ancient dwellings in Fez "medina", we beca
me persuaded to be faced with a "widespread 
recovery", that is a safeguard program covering 
maintenance, rehabilitation and reconstruction 
of a large ancient building heritage of great 
environmental interest. 
Hence, the analysis and intervention guidelines 
needed to be set accurately as in the case of 
monument restoration , but with characteristics 
shared by the whole building heritage, using 
methods and tools suitable to achieve the con
crete goals of the safeguard program, divided 
into sub-programs for the relevant degrees of 
deterioration identified in the buildings. 
Analytical investigation, therefore, aimed at sin
gling out and defining not only the theoretical 
guidelines but the experimental applications to 
real cases of "non-destructive" diagnostic tech
niques, which are needed to quantify structural 
damage due to the different causes of static 
decay. 
Provided such an investigation must be per
formed at the same time as or be preceded by 
a survey of the following: 
- geometrical and size features ; 
- technical-constructional characteristics; 
- economic-social composition and environ-

mental-stylistic characteristics; 



14 - DETAIL OF A PAINTED BEAM. 

15 - EXTERNAL PLASTER COATING ENGRAVED 
WITH PATIERNS REPRODUCING 

REGULARLY THE UNDERLYING WALL TEXTURE. 
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16 - VERTICAL JOINTS BETWEEN BUILDINGS. 



for which we refer to the studies, accomplished 
or underway, for the Extension Scheme of Fez 
Safeguard Plan; we shall indicate herewith the 
analysis procedure most suitable to define the 
intervention guidelines according to building 
conditions for that peculiar urban context. 
Due to the variability and large number of actual 
cases, it is difficult to apply analytical methods 
and tools devised for samples or typical exam
ples, which are meant for application to any 
structural context. 
Hence, it is preferable in the first step to create 
a collection of analytical data for any real situa
tion and then perform analyses based on obser
vations recorded during surveys and the study 
of actual cases. 
This empirical method allows a preliminary 
9efinition of the deterioration degrees. Thanks 
to the systematic organization of quantitative 
and qualitative data, the use of deductive 
methods on purely theoretical grounds can be 
avoided . 
Different criteria, instead, can be applied to the 
historical and stylistic study of buildings, since 
such a study requires the use of historical-criti
cal methods. 
In this project aimed at "widespread recovery", 
the collection of data cannot be limited simply to 
the graphic representation of the building, let 
alone can it do without the qualitative and quan
titative information needed for restoration and 
redevelopment. 
The analytical collection of data , then , 
accounts for a reasoned and organic repre
sentation of the building object, including: geo
metrical data, as well as hygienic data, data on 
user composition , environmental comfort , con
struction techniques , materials, alterations of 
different origin and importance, and on overall 
static safety. 
Only in this way, can the survey become a valid 
working tool to carry out the needed interven
tions on material and building elements aimed 
at recovering the original performance condi
tions of each building unit (7) (see survey cards 
for rooms - Tab. 1 ). 
Based on the collection of the description , con
servation assessment of each building element 
by room, data and evaluations can be grouped 
under an overall judgement of the status of the 
building or more often of structures made up of 
several buildings. (8) - (survey cards for building 
elements - Tab. 2) 
After having collected all the descriptions and 
assessments for the single elements of each 
room, it is then possible to gather data into a 
synthetic card including quantitative data for 
use in the estimate of restoration and recon
struction operations. (9) - (synthetic card and 
bill of quantities for the construction elements -
Tab. 3). 
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3 - Classification of structural deficiens in histo-
rical buildings 

The indispensable prerequisite to a technically 
sound and economically profitable rehabilitation 
of buildings in ancient Fez is the in-depth know
ledge of the "medina" in terms both of functional 
and technological performances. 
Very often such investigations simply aim at col
lecting town planning data, while the technical 
and structural characteristics of the constructio
nal works are regarded as minor aspects, often 
difficult to interpret, hence operation and inter
vention choices turn out to be inefficient and 
expensive. 
In order to define the working plan for the impro
vement of the "medina" the following steps have 
to be covered: 
- a planning investigation; 
- a project and executive investigation. 
The former is a large scale investigation on a 
great number of buildings located in different 
areas of the town (see Sk. 1 - Sk. 2 - Sk. 3) 
The coverage and detail of such an investiga
tion requires a rather long time and its validity in 
time should be at least the same as that of the 
town rehabilitation strategic plan, thanks to the 
recording of data the least subject to variation in 
time. 
The goals are the identification of intervention 
priorities in the planning of the area meant for 
recovery and the indication within such priorities 
of the intervention schedule and types accor
ding to the conservation requirements (mainte
nance, restoration and redevelopment). 
The systematic recording of data on cards can 
be useful to set up a computerized town plan
ning information system. 
In this way, within the intervention program it will 
be possible to compare the type and construc
tional characteristics of the buildings and the 
use destination they have been assigned. 
Such a work has already been started for the 
"medina", what remains to be carried out is 
small scale investigation to detail the knowled
ge of the building elements and their conserva
tion conditions. 
To perform such an investigation we suggest to 
proceed as follows: 
a) breakdown of the constructional work into its 
components. 
Such elements are the structures, the comple
tion and the finishing elements. 
The adopted classification and relevant termi
nology has been inferred from traditional hand
books on historical buildings following the fol
lowing breakdown grid of structural elements. 

Traditional Classification 
- foundation walls ; 
- walls rising through all the stories; 



17 -YIELDING OF MULTI-CONNECTED WALL STRUCTURES. 

l 

i r\lll I 

* 

A a c 

19A - SCHEMATICS OF BACK WALL YIELDING. 

c •+ 
+·-··--l- · - ·-l - ·-i··t 

1 c:::::=:J I . 

0 

~th 
I I 

19B - SCHEMATICS OF CRACKS DUE TO INTERMEDIATE 
VERTICAL TRANSLATION. 
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18 - CRACKS DUE TO FOUNDATION SETTLEMENTS 
CONSEQUENT TO DISCONNECTION OF BUILDING JOINTS. 

B) 

20 - CONNECTION BETWEEN POSTS AND PLINTHS 
IN UNDERPINNING WORKS. 

21A- SCHEMATICS OF YIELDING DUE TO TERMINAL 
VERTICAL TRANSLATION. 

21 B - CRACKS DUE TO FOUNDATION SETTLEMENTS. 



Classes of Technological Units: 
I - Structures 
II - Vertical closures; 
Ill - inside walls ; 

Classes of Technological Elements: 
1.1.1 Vertical structures rising thourgh all the 

stories 
2.1.1 Outside main walls ; 
3.1.1 Vertical inside walls 

Subclasses; 
- Type: framework partition; 

continuous partition ; 
mixed partition; 

Structural elements: 
- Walls - homogenous; - discontinuous; - dry; -

buttressed; - columns ; 

Materials: 
- Clay brick; 
- Concrete ; 
- Stone; 
- Wood; 
- Binder. 

Deterioration of Structural Elements: 
- Confined cracking ; 
- Widespread cracking ; 
- Confined cracks; 
- Widespread cracks; 
- Rotary deformation ; 
- Shearing strain; 

Material Deterioration and Decay: 
- Binder: 
- chemical modifications; 
- original inadequacy; 

Bricks and Stones: 
- crumbing ; - cracks; - fissuring ; 
- clefts ; 
- Wood: - mildew; - cracks; - fissuring ; 

By "deterioration" of a structural element or of its 
material , the natural or not natural phenomenon is 
meant which has diminished the properties of the 
element. "Decay" is considered, instead, the phe
nomenon causing the partial or total loss of func
tion by the element. There are several causes of 
decay and they are often connected, e.g. project 
deficiency, execution deficiencies, changed load 
conditions, material deterioration, etc. 
For th is reason in the synthetic assessment of 
structural conditions , mainly the apparent 
effects of decay are reported rather than the dif
ferent types of decay. 
The distinction between deterioration and 
decay is better defined for structural elements, 
and less so for materials. 
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Such information is assumed to allow a suffi
ciently reliable assessment of the conditions of 
structural components through a percentage 
threshold representation of apparent deteriora
tion and decay. 
For the description of decay, cracking is repor
ted as: 
Advanced capillary cracking ; 
- it refers to cracking bringing about the falling 

of edges, which are found on the outside 
facing surface and whose maximum width is 1 
- 3 m/m. 
Deep cracking: 

- when cracking is accompanied by bellying 
and coating ejection , their approximate width 
could be greater than 8 m/m and they usually 
affect the walls underneath; 
True cracks: 

- they imply the replacement of the affected 
wall section. 

3.3. Synthetic assessment of deterioration 

In view of the objectives of Fez town recovery 
program and of the UNESCO MOR/83/004 pro
gram, an assessment procedure was establi 
shed for the conservation status of historical 
building structures in the "medina", which is the 
core of this study. 
The vastness of the town context and the com
plexity of buildings make it difficult to carry out 
surveys by "building unit", as these would imply 
the work of surveyors working concurrently with 
operators performing geometrical and graphic 
surveys of deterioration for each constructional 
work. 
Although an accurate analytical survey by "buil 
ding unit" would be needed, using cards for the 
collection of data and information on each struc
tural element, in a first step, investigation must 
be confined to the building heritage closer to 
collapse, hence it is suggested to adopt the 
assessment method of the "... conservation 
condition and static solidity of the building heri 
tage ... ", which allows survey operations to be 
accomplished quickly. "For this as for any inve
stigation, the choice of significant parameters 
depends on the intended use of the acquired 
knowledge" (10) 
The final goal of this investigation is the survey 
of deterioration situations and of the relevant 
hazardous level of each structure, as well as the 
identification of the needed corrective action to 
eliminate such situations and prevent further 
deterioration. 
" ... Even the statement of this objective, which 
is at first sight easy to accomplish, immediately 
poses complex problems concerning the 
method. When should hazard be considered 
"actual"?. That is, which is the threshold distan-
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ce from collapse at which hazard should be 
considered as "actual"? 
Two more questions follow immediately this, the 
first one is which modification agents should be 
accounted for, which can worsen the static condi
tions of the building up to the collapsing of parts 
essential to its practicability? The second question 
is: which are the description parameters able to 
establish a connection between destruction 
agents and the extent of the "actual" situation? 
Besides, a third question is asked as a conse
quence of the second one: the distance threshold 
from collapse shall be measured directly, or is it 
not easier to measure it indirectly through the 
assessment of how far the present situation is 
from the initial condition of the building?" (11 ). The 
reply to these questions will allow to establish a 
deterioration assessment criterion for the histori
cally well-defined situation of Fez "medina". 
Going backward through the above questions, it 
can be said these are ancient structures and 
generally speaking deterioration should be eva
luated in terms of difference between the pres
ent conditions of each structural element of the 
building unit and its original conditions. In this 
way, theoretical inferences can be avoided, 
which can be hardly translated into actual inter
ventions; furthermore, since the final goal is 
"conservation restoration", the recovery of the 
original performance of the constructional work, 
the operations needed to recreate the initial 
conditions of each element are a compulsory 
reference in order to safeguard the intrinsic and 
environmental heritage on which we are going 
to intervene. 
The description parameters relating deteriora
tion causes to the present situation of the con
structional work can be summarized in a 
description of the performances of the single 
building elements subject to alteration due to 
different deterioration causes. Hence the choice 
of those elements which , according to the 
above remarks, are more easily subject to 
structural deterioration and decay and whose 
conservation allows to respond to the stresses 
and functions for which they were originally con
ceived . 
The modification agents worsening the static 
conditions of the building can be identified 
essentially in further settling of soil as a conse
quence of the progressive change of foundation 
deposits due to water infiltration, or sagging of 
structures due to a loss of their elastic proper
ties as a consequence of the change of resist
ance of the used materials . Alteration of the ori
ginal composition of materials are mainly due to 
reactions of their compounds to contact with 
rainwater and subsoil ascending moisture. 
Supposing the agent causing static modification 
is "moisture", the survey should account for the 
present situation on whose grounds the diffe-
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rence from the original situation can be inferred 
by assigning a value corresponding to the 
import of operations needed to recover the ori
ginal performance of the components. 
The elimination of the deterioration bill of quan
tities from this synthetic assessment, which 
would imply detailed topographic and photo
grammetrical measurements and the graphic 
representation of works and cracking widths, 
inevitably obliges to have recourse to asses
sments and scores based on empirical evalua
tions assigned to different types of decay. 
This procedure is suitable to Fez town planning 
which shows homogenous building types to 
explore and a repetition of construction 
methods which necessarily correspond to recur
ring deterioration situations of single elements 
as well as of the building organism as a whole. 
In this case, repeated observations can be assi
gned a conventional information value for qua
lity and extent of deterioration. Therefore, the 
information card of synthetic assessment was 
conceived as a sequence of repeated deteriora
tion cases of single constructional elements 
distinguished into: 
1 - Vertical structures; 
2 - Horizontal structures; 
3 - Vertical connecting elements; 
4 - Covering; 
5 - Arcades and porches; 
6 - Inside partitions; 
7 - Lintels and arches; 
8 - False ceilings and linings. 
This first general subdivision of the structural 
elements was broken down according to the 
static function of each element in the structure. 
For each element, a score was assigned with 
respect to the degree of conservation of their 
original properties and characteristics, which 
cannot obviously be generalized, and are to be 
assumed case by case with reference to the 
age and used construction technique. 
The scores and the deterioration value to esta
blish intervention priorities are the first objective 
to pursue and they are the result of the product 
between the score assigned to the description 
of decay and the "correction coefficient" rele
vant to the location of the decay. 
These coefficients allow to change the value 
according to whether the position where decay 
has occurred can transmit its effects to other 
elements and/or structural parts. 
This correction is especially needed in an envi
ronment where the behavior of structures is 
affected by their interconnections with the sur
rounding and proximity buildings. 
In conclusion , data can be grouped based on the 
assessment of homogenous groups of elements 
according to four main data collection cards: 
SK 1 - Data on building location; 
SK 2 - Data on building exploitation; 
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SK 3 - Data on building use and facilities; 
SK 4 - Data on building structural deterioration; 

(see annexed tables) 
The three first cards are the same as were used 
in the assessment of the conditions of Bolsena 
(Viterbo - Italy) historical town. (12) 
The forth card was completely revised and 
amended based on the specific objective of Fez 
recovery program and on the structural and 
type specificity of the "medina". 
The grouping of data into homogenous classes 
and their codification allows, thanks to statistical 
calculations , to define several indicators of 
habitation conditions based on facilities , servic
es and exploitation, use and type variables or 
on apartment composition. 
The proposed filing allows also the computer 
input of collected data and their treatment to 
infer simple but significant indicators of inter
vention priorities. 

List of variables and codification 

SK1 - Data on the Location of the Building Units (BU); 
item number 
Land registration page 
Cadaster plot no. 
Address of the building unit 
Street or Square 

House number 

List of variables and codification 

SK2 - Data on Exploitation, Use and Type of BU 
1 - Title for Enjoyment 

011 - Ownership 
012 - Rent 
013 - Other 

2 - Use destination 
021 - House 

0211 - Domicile 
0212 - Residence 
0213 - Second house 
0214 - Temporary residence 

022 - Larder 
023 - Cellar 
024 - Warehouse 
025 - Garage 
026 - Shop 

0261 - Crafts 
0262 - Trade 

027 - Office 
0271 - Professional 
0272 - Company 

3 - Apartment composition 
031-1 1 - Number of beds 
032-1 1 - Max. number of beds 
033-1 1 - Number of bedrooms 
034-1 1 - Sitting room 
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035-1 1 - Kitchen/dining room 
036-1 1 - Kitchen in single room 
037-1 1 - Toilet 
038-1 1 - Bathroom 

4 - Characteristics of rooms and apartment 
041 - 1 Number of rooms without windows; 
042 - 1 Number of rooms with natural lighting; 
043-1 Total no. of rooms; 
044-1 Total surface in sqm.; 
045-1 Height in m.; 
046-1 Total volume in cubic m. · 

5 - Access type characteristics 
051 - Direct 
052 - Indirect from the outside 

0521 - External staircase 
0522 - Internal staircase 
0523 - Common access 
0524 - Not common access 

6 - Room localization 
0611-11 - No. of rooms on base floor (cellar) 
0611-1 1 - No. of rooms on base floor (basement) 
0621-1 1 - No. of rooms on ground floor (cellar) 
0621-1 1 - No. of rooms on ground floor (basement) 
0630-1 1 - No. of rooms on first floor 
0640-1 1 - No. of rooms on 2nd floor 
0650-1 1 - No. of rooms on 3rd floor 

List of variables and codification 

SK3 - Data on Facilities and Services of BU 
7 - Electrical installation: 

071 Under the floor or not 
072 - With security switch 
073 - With grounding 

8 - Drinking water: 
081 - Drinkable 
082 - From water system 
083 - From artesian well 
084 - From reservoir 

9 - House facility installations: 
091 - Telephone 
092 - Radio 
093 - TV 
094 - Refrigerator 
095 - Freezer 
096 - Washing machine 
097 - Dish-washer 
098 - Other 

10 - Range: 
101 Wood and coal range 
102 Gas or electrical range 
103 Gas range 
104 With small oven 

11 - Gas installation with bottle: 
111 - Inside the BU. 
112 - Outside the BU. 

12 - Hot water to kitchen: 
121 - Gas boiler 
122 - Electrical boiler 
123 - Wood or coal boiler 
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CONCRETE CURBING. 



124 - From heating installation 
125 - In common with W.C. and bathroom 

13 - Hot water to hygienic facilities: 
131 - From independent boiler 
132 - Gas boiler 
133 Wood and coal boiler 
134 - Electrical boiler 
135 - From heating installation 

14 - Heating installation 
141 - Fuel 
142 - Wood and coal 
143 - Electrical 
144 - Shared with other BUs 

15 - Single heating elements: 
151 - Fireplace 
152 - Electrical coils 
153 - Wood or coal stoves 
154 - Kerosene stove 

16 - Number of bathrooms 
161 - Full : 
162 - with shower 
163 - with tub 

17 - Toilet: 
171 - Inside 
172 - Outside 

1721 - Common 
1722 - With natural lighting and aeration 
1723 - Without windows 
1724 - With aeration hole 

List of variables and codification 

SK4 - Building Structural Deterioration 
Decay judgement - Score - Correct. Coeff. - TOT 
18 - Vertical structures 
181 - Wet walls 1 x ( )= ...... . 
182 - Capillary lesions 2 x ( )= ...... . 
183 - Minor cracks 3 x ( )= ...... . 
184 - Confined severe cracks 4 x ( )= .... .. . 
185 - Widespread severe cracks 5 x ( )= ...... . 

Overall judgement value 
Location correction coefficients 
18a - If located on outside main walls = (1 ,2) 
18B - If located on inside walls = (1 ,0) 

19 - Position of decay: 
191 - On outside walls; 
192 - On inside walls; 
191.1 - on wall facing 
191 .2 - near openings 

20 - Horizontal structures; 
201 - Floors 
202 - Awnings; 

2011 - Yielding of large frameworks 
2012 - Yielding of small frameworks 
2013 - Depressions 

Overall judgement value .. ... . 
Location correction coefficients: 

2 x ( )= ...... . 
1 x ( )= ...... . 

3 x ( )= ...... . 
2 x ( )= ...... . 
1 x ( )= .. .... . 
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20a - If located on supports 
20b - If located in internal area 
2021 - Yielding of large frameworks 
2022 - Yielding of small frameworks 
2023 - Depressions 
2024 - Decayed awning cover 

Overall judgement value 

Location correction coefficients: 

=1 ,2 
=1 ,0 
4 x ( )= .... .. . 
3 x ( )= ...... . 
2 x ( )= .... .. . 
1 x ( )= ...... . 

20c - If on awning supports =1 ,2 
20d - If close to down-pipe inlets =1 ,0 
Total judgement of floor conditions 
Total judgement of awning conditions 

21 - Maintenance conditions 
211 - Flooring; 
212 - Wood finishing; 
213 - Linings; 
214 - Down-pipes; 

2111 - Minor deformations 1 x 
2112 - Noticeable deformations 2 x 
2113 - Important deformations 3 x 

Overall judgement value ..... . 
Correction coefficients: 
21 a - Localized or confined =1 ,0 
21 b - Widespread =1 ,2 

2121 - To be replaced 
2122 - To renovate 

3 x no. elements 

2123 - To renovate partially 
Overall judgement value ..... . 

2131 - Plaster coat peeling 
2132 - Bellying 

Overall judgement value ..... . 
Correction coefficients: 
21 c - Confined 
21 d - Widespread 
2141 - To renovate partially 
2142 - To renovate 
2143 - To be replaced 

Overall judgement value .... . . 
Correction coefficients: 

2 x no. elements = 
x no. elements = 

2 x ( )= ...... . 
1 x ( )= ...... . 

= 1,0 
= 1,2 
1 x ( 
2 x ( 
3x( 

)= ...... . 
)= ...... . 
)= ...... . 

21 e - If inside walls =1 ,2 
21f - If outside walls =1 ,0 

Overall maintenance conditions 

3.2 - Evalution criteria 

The assessment criterion is based on the 
distinction of structural deficiencies into: defi
ciencies depending on "static conditions" and 
those depending on "maintenance conditions". 
Hence, the conditions of vertical structures ris
ing all the floors and of horizontal connection 
structures are indicative of static conditions, 
whereas the status of facing surfaces, flooring , 
wood finishing and of other completion ele
ments such as canalization, weathered tiles, 
awning slope, down-pipes, etc. are indicative of 
the maintenance conditions. 
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The static conditions concern the rising structu
ral components divided as follows: 
Vertical structures: walls 
1. Wet walls ; 
2. Capillary lesions; 
3. Minor cracks; 
4. Confined severe cracks; 
5. Widespread severe cracks; 
The correction multiplying factors according to 
transmission of effects to adjacent structures 
are: 
1.2 - If located on outside main walls ; 
1.0 - If located on inside walls ; 
In this preliminary assessment the value was 
assigned to "typical" decays according to repea
ted case history; a score 1-5 was given according 
to the hierarchical ranking by type and extent of 
the decay, to account for the distance from the ori
ginal conditions the decay has produced. 
Such a score, multiplied by the correction coeffi
cients established according to the position of the 
decay leads to an assessment case history which 
can be summarized by values from "1" to "33". 
1.0 - wet walls on inside partition walls ; 
1.2 - wet walls on exterior load-bearing walls ; 
2.0 - capillary lesions on inside walls; 
2.2 - wet walls on outside and inside walls ; 
2.4 - capillary lesions on outside walls; 
3.6 - minor cracks on inside partition walls ; 

- minor lesions on outside walls ; 
4.0 - severe cracks confined to inside walls; 
4.4 - capillary lesions on outside and inside 

walls ; 
4.8 - severe cracks confined to outside walls ; 
5.0 - severe widespread cracks on inside walls; 
6.0 - severe cracks on outside walls ; 
6.6 - minor cracks on outside and inside walls ; 
8.8 - severe cracks confined to outside and insi-

de walls ; 
11 - severe widespread cracks on outside and 

inside walls ; 
Such a ranking is not at all final , but simply a 
guidance to decay conditions at large which can 
be assessed as: 
0 to 3 = minor; 
3 to 5 = noticeable; 
5 on = remarkable ; 
although the size of the case history allows to 
divide the ranking into different degrees of 
severity corresponding to each range of values. 
To this first assessment of vertical structures, an 
evaluation of the location of decay and the type 
of connection of the facing with the bordering 
wall is added. 
Location of decay: 
inside walls : 
outside walls: 1 - near openings; 

2 - on wall facing 
3 - in tenons; 

these scores are to be multiplied by the joint-type 
coefficients, whose value changes according to 
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transmission of effects to the remaining structure. 
Correction coefficients: 
1 "L" joint, corner joint; 
1 .2 - "T" joint; 
1.5 - cross joint; 
When joint type is L, decay is located at the cor
ner wall of the building and thus there is no tran
smission of its effects, hence the coefficient for 
this joint is 1. 
For T and cross joints, effects are transmitted to 
a different extent to the adjacent structures, the
refore the multiplication coefficients of effects 
are 1.2 and 1.5, respectively with the following 
case history: 
0,5 - 0,6 - 0,75 - 1,0 - 1,2 - 1,5 - 1,8 - 2,0 - 2,25 
- 2,4 - 3,0 - 3,6 - 4,5. 
The case history applies to all the foreseen 
cases, whereby the scores for confined decay 
on outside and inside walls are added and mul
tiplied by the coefficients corresponding to the 
three joint variables. 
The record of cases continues to a maximum 
score of 33.3, which is the result for cases in 
which all the types of decay considered are pres
ent, referred to all the considered joint variables. 
The sum of the suitably corrected decay asses
sment values allows to obtain an indicative 
value of the conditions and continuity of the ver
tical rising structure with a good degree of 
approximation to reality. 

Horizontal structures: 
Floors: Considered decay: 
1 - Depressions; 
2 - Yielding of small frameworks ; 
3 - Yielding of large frameworks. 
These score are to be multiplied by the effect 
transmission coefficients according to two pos
sible locations: 
Decay located on the floor support perimeter = 1.2; 
Decay located in floor internal areas = 1.0. 
The case record for assessment of decays is 
the following: 
1,0 - 1,2 - 2,0 - 2,4 - 3,0 - 3,6; 
it continues to a maximum score indicating the 
maximum decay and corresponding to buildings 
showing all type of decay both on support and 
internal areas and whose sum is 13.2. 
For awning structures: 
Considered decay: 
1 - Damaged covering ; 
2 - Depressions; 
3 - Yielding of small frameworks ; 
4 - Yielding of large frameworks 
these scores are to be multiplied by the coeffi
cients which are at first analysis considered as 
equal to those defined for floor horizontal struc
tures. 
Decay located on the awning support perimeter 
= 1.5; 
Decay located at down-pipe inlet = 1.2; 
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41 - REINFORCED CONCRETE CURBING UNDER THE 
ROOF AND CONNECTION OF ROOF TO BEAMS. 

10/100 mm. 

42 - REINFORCEMENT OF THE SUPPORT AREA OF ROOF 
BEAMS WITH A HOOD WITH CROSS WIRES AND CEMENT. 
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43 - INSERTION OF CURBING UNDER THE ROOF. 
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44 - AN EXAMPLE OF ELIMINATION OF THRUST. 
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45 - FOUNDATION CURBING FOR EXISTING WALLS. 



Decay located at small confined areas= 1.0. 
The resulting case record for the various types of 
decay corresponds to values ranging from a mini
mum of 1 to a maximum of 37 when all the typical 
decays are present at all considered locations. 
The sum total of values for the considered 
assessment parameters allows to determine 
with good approximation and by groups the 
degree of structural deterioration of buildings. 

maintenance conditions 
Using the same score and correction coefficient 
system it is also possible to define synthetically 
the maintenance conditions of lining and com
pletion elements of investigated buildings. In 
this case the score and correction coefficients 
are not simply referred to the transmission of 
effects but they change their character accor
ding to quality or quantity values. 

Facing structures: floors ; 
decay: 
1 - Minor deformations; 
2 - Noticeable deformations; 
3 - Important deformations; 
multiplication coefficient: 
- if located in confined areas = 1.0 
- if widespread and/or corresponding to floor 

supports = 1 .2 
The values of the resulting case record range 
from 1 to 13.2. 

Facing structures: walls ; 
decay: 
1 - Bellying 
2 - Plaster coat peeling; 
multiplication coefficient: 
- if confined = 1; 
- if widespread = 1.2; 
The values of the case record range from 1 to 6.6. 

Closing elements: wood finishing ; 
conditions: 
1 - To renovate partially; 
2 - To renovate; 
3 - To be replaced ; 
Case record values 1 to 6. 

Completion elements: down-pipes; 
conditions: 
1 - To renovate partially; 
2 - To renovate ; 
3 - To be replaced ; 
location coefficients are: 
- for down-pipes placed inside walls = 1.2; 
- for down-pipes placed outside walls = 1.0. 
The case record values range from 1 to 13.2 
and the sum of resulting values allows to infer 
rather rel iable intervention priorities according 
to the degree of conservation of the lining, clo
sing and completion elements considered. 
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3.3 - Assessment of intervention priorities and 
interconnected building compartment 

After having evaluated synthetically, but in suffi
cient detail , the deterioration conditions of the 
single building units, it can be proceeded to the 
experimental investigation with non-destructive 
diagnostic techniques. 
Since the case record of deterioration is very 
wide and diversified both quantitatively and 
qualitatively, it is believed useful to introduce 
further elements allowing to select intervention 
priorities according to the structural conforma
tion parameters of the compartments including 
several buildings having common bearing struc
tures and a continuity of their foundation struc
tures (13). 
The method consists in the application of for
mulas to determine dimensional topological 
indices for horizontal plan sections for each 
floor in order to assess the degree of resistance 
of brickwork buildings to horizontal strain . 
This verification is particularly suitable to Fez 
town planning on account of the peculiarity of 
buildings composing the "medina", which are 
aggregated in a way to give rise to a complex 
system of thrusts and counter-thrusts. 
" ... The morphological and geometrical charac
teristics of dwellings with wall skeleton allow to 
compare their behavior to that of a "cantileve
red" or "overhanging" beam fixed in soil and 
having a multi-connected section (the various 
rooms make up a "multi-cellular" shape with 
walls as partitions and contours whose geome
trical vertical axis is as long as the building hei
ght and whose cross-section overlaps its plan) . 
The "boxed structure" as a whole can be consi
dered as the assembly of plane elements (floors 
and vertical walls) joined on their edges. 
The floors (the horizontal partitions of the "box") 
can be regarded as horizontal plates which 
must assure the cross section of the building is 
crushproof, preventing deformation of the "rec
tangular grids". 
The walls (the vertical partitions of the "box") are 
intersected along their vertical "edges" and are 
the "nodal points" of the multi-connected cross 
sections; they will be preferably considered as 
"cavity slabs" to allow the assessment of inevita
ble stress peaks near openings and thus select 
the most effective intervention methods." (14) 
Such a description was reported in full in this 
paper as it illustrates better than others the 
behavior of brickwork buildings in general and 
in particular those made up of multi-connected 
elements such as those of Fez "medina''. . 
Essentially, for the structure of the "medina", the 
static capability of build ings depends strictly on 
the type of building and on "plan morphology", 
that is on the geometrical configuration of the 
horizontal plane wall skeleton. 
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Indeed, it can be realized that stress distribu
tion and importance in walls depend strictly on 
the shape and size of the structural elements, 
which in the case of the "medina" are not resol
ved within the building but are shared with the 
adjacent buildings and affect the behavior of 
the whole rising structure of the building unit, 
which has continuity on the plan horizontal 
section . 
Though such a " .. . correlation between stress 
and geometry is particularly useful when there 
are earthquakes among the actions on structu
res to be considered , resistance to horizontal 
strain of a model such as the one described 
above is studied by Construction Science in the 
"cut" of multi-connected sections, and the 
results are determined by parameters which are 
not only numerical but involve the overall shape 
and arrangement of "grids"." (15) 
In order to establish intervention priorities in the 
rehabilitation of the "medina" buildings, it is sug
gested to identify the building complexes having 
structural continuity in order to measure dimen
sional and topological characteristics of hori
zontal sections. 
To this purpose, the significant parameters of 
structural behavior can leave out stress calcula
tion and provide reliable results using only geo
metrical data collected through simple but strict 
investigation methods, which can be compared 
to those of more complex and sophisticated 
analyses. 
Such parameters are those concerning the wall 
skeleton resistance to horizontal and vertical loads. 
Such a procedure does not exclude a more 
careful assessment covering other features of 
the building beyond static performance. 
The chosen parameters are , firstly, those 
allowing to determine some "global indices" (15) 
Global indices 

Grid index 

A A= Total covered surface 

AMn A Mn = Grid mean surface 

- it is the ratio between the surface covered by 
the building or the interconnected buildings 
and the mean surface of wall grids on the plan. 
This index will be equal to the number of grids. 

It can vary according to the horizontal section 
considered and will indicate weakening or, con
versely, solidity of structures according to the 
different heights of sections. 

Connection index: 

Nm 

ii A 
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- it is the ratio between the number of grids and 
the covered surface, the value represents the 
opposite of the grid index. 

These global indices indicate the degree of 
connection of the structural complex. Namely i2 
represents "grid density'', that is the number of 
grids per sqm. of covered surface. 

Solid index (gross) 

Apl Apl = Wall surface 
i 3 = --- including openings; 

A A =Total surface 

- it is the ratio between the wall surface on the 
horizontal plan section including openings 
and the total covered surfaced. 

Solid index (net) 

ApN ApN = Wall surface 
without openings; 

A A= Total surface; 

These indices provide solid and hollow density 
of the complex and measure the impact of hol
low/solid ratio calculated for inside partition wall 
sections of the building complex. 

Wall Efficiency index 

App(-a) 

App(+a) 

- it is the ratio between the surface of plan bea
ring walls, without openings, and the surface 
of bearing walls including openings. 

Hollow wall efficiency index 

App(f) 
i s=----

App(p) 

- it is the ratio between the surface of plan bea
ring walls with openings and the surface of all 
bearing walls without openings. 

These indices allow to assess structural weake
ning due to openings. The former provides a 
global value as it refers to the whole section; the 
latter, instead, refers only to walls with openings 
on the plan. 

Maximum cavity index 

ANp 

Alp 
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De-humidification on solid brick masonry 6x12x24 in thickness 38 cm. 
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- it is the ratio between the area of plan section 
walls deduced the opening surface, and the 
total area of hollow surfaces corresponding to 
openings. This index is used to single out walls 
with excessive openings which could make 
statically inefficient the remaining solid walls. 

Dimensional regularity index 

i s= 
Lm(r) 

LM(r) 

LM(r)-(longer side); Lm(r)-(shorter side); 
of the minimum rectangle constructed on the 
perimeter of the section plan. 
- it is the ratio between the longer side and the 

shorter side of the smallest rectangle which 
can be constructed around the plan section. 

Compactness index 

A 
i g=---

A(r) 

- it is the ratio between the total overall surface 
of the plan section and the area of the rectan
gle constructed around the section perimeter. 

Concentration index 

A root of A 
i 10= --- = 4 ----

p p 

- it is the ratio between the overall surface (A) 
and the perimeter (P) of the building, normali
zed to the value associated to the square 
having a surface equal to that of the plan. 

4 - Dliagnosis and wall cracking 

Several causes can have resulted in a 
decreased resistance of the various building 
structural components. 
In historical buildings with brickwork skeleton of 
Fez "medina", decay can be essentially due to: 
- soil movement with the consequent discon-

nection of structural elements; 
- overloads not foreseen for the original buil

ding; 
- thermal and hygrometric variations causing 

surface and deep crushes; 
- weathering which adds to these causes and 

accelerates deterioration pathologies to a 
point when buildings are precarious. 

The following remarks are not intended as 
exhaustive, as this is a very vast topic, but they 
simply wish to introduce some elements for the 

226 

assessment of the different deterioration 
degrees based on the performed surveys in 
view of the choice of the needed operations to 
recover the deteriorated structures through 
modernization or rehabilitation interventions or 
through their total renovation or reconstruction. 
Nature of decay. 
It is necessary to track back the development of 
static decay. 
To this purpose the following must be per
formed: 
- a survey; 
- a collection of data on the epoch and building 

technique; 
- tests on materials and soil; 
- a graphic representation of building conditions; 
- a drawing of cracking. 
Causes of decay. 
They can be schematically summarized as follows: 
- yielding of foundations; 
- yielding of rising walls; 
- permanent deformation by combined com-

pressive and bending stress; 
- yielding of arches and vaults; 
- excessive floor deflection. 
Characteristics of decay. 
Overall outline of causes concerning: 
- foundation works; 
- wall skeleton; 
Overall outline of cracking events concerning: 
- vertical cracks; 
- groove cracks; 
- other types of cracks; 
Overall outline of the mechanical effects of: 
- translation; 
- rotation; 
- crushing 
- seismic motions; 
Specific outline of causes concerning: 
- single effects of yielding or displacement. 
The causes of the most severe decays are 
generally the yielding of foundation structures 
due to their insufficient size with respect to soil 
resistance, or to the presence of water infiltra
tion which has modified over time resistance 
properties of the foundation deposits. 
This could have brought about a displacement 
of the whole building or building complex with 
respect to the others, which becomes evident 
through marked cracking on the joining ele
ments (Fig. 18). 
Yielding can be distinguished into "terminal" or 
"intermediate" according to the extent of 
cracking and to building height. 
It can cause a vertical , horizontal or cross tran
slation or a rotation (Fig. 19). 
Concrete injections are not advisable in these 
cases because it is difficult to verify distribution 
of the injected material; hence it is suggested to 
underpin the building, and if it is not very tall this 
can be done with posts in holes drilled along the 



56 - BASIC CONFIGURATION OF A THERMOGRAPH 
EQUIPMENT: TELEVISION CAMERA; DISPLAY. 

A1 81 

4 x 100 (114) 

l J ____ _ 
~ -1 -' -- - - ~- -- -

r -+- --1-- ----t- ·· ·-+- -+ 
1/8 114 1/4 1/0 

57 - SCHEME OF INTERTWINING SYSTEM. 

58 - SCANNING FIELD AND FIELD DEPTH FOR 
STANDARD OBJECTIVES. 

227 

I PM No 
U•ntocut f:Qi;:.. 10 •,I, Cf'O't!S ~ 

S.Urn ..c Cim• n• IOl'ls \o\\f: ·Q~ 
hitl f. U l 0f"'I 

I"'\ IMITI: l"'• t<l l rm! jc ,.qrnm {~~ ~ 

ENSES SHOillWA\'E \S\'\1 

>se. 191 a.so 

I 

3.S0 

I 

3.3 

I 

1 D1 

I 

0.5 

I 

C6 

I 

I ~1x300 I ' 9 
$5619 1 ~s 7~ · o 09 11 1.2 78• 152 o.~ 
$$6 192 070 11• 07 52 19 2 I G~•OO o.:i 
~58 191 CXH 20• 05 :l3 3. ~ 35 6 ~>.~7 0,3 
~56 191 $6$ ~o· o~ 1r SB 73 64•4 7 0.3 

I l rN~irS IOt~C"HNAV:: fLW~I 

SS6 192 SOB 3,5• J- J 1 ~1 0.5 0.6 142>JOG ;j! 

55(1192506 7• 1.0 59 1. 1 1.2 72> •52 0 7 
556 192&07 20• 05 33 .1.4 J.5 s~, o v.3 

LENSES S-:ORl'l'IAVW BROAD BANO csv.•o:· 

1 .... .,,., I 3.s• I 
J.J l 191 

I 
05 

I 
0.6 

I 
1J2~:.>00 2 7 

55619 ?:)05 7• 1.0 gg 1, 1 1.2 7()~ 1 5~ 07 
5561923 15 20• OS Jl J. ~ J.~ 64x'7 0 .1 

~ENS EXTENSION '.-l.ING ~T (l 2 ANO 2 1 "" I 

556 1!111007 O.' 

59 - RESOLUTION POWER OF STANDARD OBJECTIVES. 

SOU'ND VELOCITY ON SURFACE 

SOUND VELOCITY 
BY 1.RRADIATION 

A 
SOUND VELOCITY 
BY TRASMITIANCE 

60 - CONFIGURATION OF A PORTABLE EQUIPMENT FOR 
ULTRASOUND DYNAMIC LISTENING AND SCHEMES 
REPRESENTING SURFACE SOUND SPEED MEASUR E
MENTS BY RADIATION AND TRANSPARENCE. 



foundation perimeter connected with support 
brackets or with beams transverse to the facing 
(Fig . 20) . 
"In this respect, we wish to mention micro-poles 
having a diameter of 30 cm, applied with a spe
cial technique using tools of small size. 
Micro-poles are invaluable when the distur
bance caused by common posts is not accepta
ble or when space is limited" (16) . 
Another typical movement of foundations can be 
due to horizontal translation which can be longi
tudinal , transverse or sidelong and, according to 
size can be short, mean or long. (Fig. 21) 
In order to provide a guidance for the develop
ment process of decay found in Fez "medina", 
below is reported the preparatory work of the 
systematic, overall or specific outlines of caus
es, mechanical effects and symptoms of decay 
which can be found and correlated to the actual 
situations remarked during the survey in Fez 
and described based on experience. (17) 

4. 1 - Cracking outlines 

In the outlines of cracking , the distinctive featu
res of each crack is identified and classified with 
suitable criteria through the drawing of its shape 
and a schematic of the breaking mechanism. 
A first division of cracking can be made accor
ding to progress on walls as follows: 
- cracking progressing mainly vertically (verti

cal , groove, symmetrical groove cracks) ; 
- parabolic, semi-parabolic, St. Andrew cross, 

hyperbolic, sinusoidal cracks, cracks typical 
of bulking plaster coat. 

Then , within each group cracks can be distin
guished into cracks having almost constant 
width , cracks having growing width from bottom 
to top and cracks having decreasing width ; con
cavity position can be specified if present and 
significant, together with the presence of a gap 
between edges (by gap it is meant the offset of 
the facing planes of the two portions of the 
cracked wall) . 
As far as the horizontal plane (wall section) is 
concerned , it is possible to identify typically a 
straight, "S" or double "S" cracking progress. 
The specification of crack width , presence of 
concavity and its position , presence of a gap, 
horizontal progress in this order are criteria for 
recognizing a crack as the evidence of one of 
the possible decays. 

Examples of classification 

4. 1. 1. Mainly vertical cracks 

Vertical cracks. (Tab. 4): These are straight 
cracks progressing vertically. 
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This group covers cracks having either 
decreasing, constant or increasing width from 
bottom to top without gaps between edges. 
In the first case, horizontal progress is straight 
and there is a longitudinal horizontal translation . 
In the second, if horizontal progress is "S"-sha
ped (with apices tangent to the contour) there is 
a long terminal transverse horizontal transla
tion , if it is straight it shows crushing or damage 
due to earthquakes. In the last case horizontal 
progress is straight and it shows a primary rota
tion of wall joints whose building-in was not cor
rectly performed. 

4.1 .2 - Symmetrical groove cracks. (Tab. 4) 

The characteristic of these cracks is that of 
being symmetrical to a vertical axis since they 
are always caused by intermediate translations, 
that is by a translation concerning the central 
area of a wall. 
If width decreases from bottom to top, there is a 
gap between the edges and the crack progresses 
horizontally in a double "S" with convergent bran
ches and apices normal to the contour, there is a 
long intermediate horizontal translation. If instead 
width increases from bottom to top, there is no 
gap between the edges and horizontal progress 
of cracks is rather straight, there is an intermedia
te, or long, vertical translation but with rotation. 
The rotation appearing in the long intermediate 
vertical translation causes in the majority of 
cases a further central vertical crack having 
maximum width at the bottom. 

4.2 - Mechanical effects of decay 

By mechanical effects of decay are meant tran
slation and rotation displacements, complex 
displacements due to earthquakes and the phe
nomenon of crushing which are a consequence 
of the primary causes of decay as indicated in 
the relevant outlines. 

4.2. 1 - Translation 

A wall or part of it is said to have undergone a tran
slation when all its points move along equal vectors. 
Translation can be vertical , horizontal or slo
ping. 
Often a major translation is accompanied by a 
secondary rotation movement. 
As an example, we report the complete passa
ge on horizontal translation from the study refe
renced at note ( 17). 
Horizontal translation 
symptoms and mechanisms: 
- Absolute horizontal translation: 

it is characterized by the absence of cracks as 
there is no displacement of the parts of the 
wall. 
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- Longitudinal relative horizontal translation: 
it runs parallel to the horizontal and mean 
plane of the wall; cracks have decreasing 
width from bottom to top, are vertical corre
sponding to soil fractures and groove-like in 
the adjacent areas, sloping towards the yiel
ding part, but tending to be vertical on top. 

- Short terminal transverse horizontal transla
tion: 
it runs parallel to the horizontal plane and nor
mal to the mean plane of the wall and over the 
whole height of the building. Vertical cracks 
will be groove-like progressing straight, whe
reas horizontally they will be in the shape of 
an "S" at 45°, with crack apices normal to the 
contour. 

- Long terminal transverse horizontal transla
tion : 
it runs in the same direction as the previous 
one and affects the area at wall ends whose 
length is greater than building height; cracks 
progress vertically with almost constant width. 

- Short intermediate transverse horizontal tran
slation: 
it does not affect the entire height of the buil
ding: the crack lines, symmetrical to the mean 
vertical plane of the yielding part, appear at 
first to diverge from bottom to top and then 
tend to get closer to draw a parabola, hori
zontally they have the shape of double "S". 

- Long intermediate transverse horizontal tran
slation: 
it affects the entire height of the building: the 
double fracture symmetrical to the groove will 
have horizontal progression in the shape of a 
double "S". 

- Horizontal slanting translations of expansion 
and compression: 
they result from the combination of the two 
basic, longitudinal and transverse, terminal 
translations; the longitudinal component of 
motion is towards the yielding for the former 
and towards the opposite seat for the latter. 

For expansion cracks, the fracture has the 
shape of a reversed groove on the facing plane 
and of an "S" on the horizontal plane; 
For the second type, the crack surface has a 
greater extension due to the effect of compres
sion. Finally, intermediate slanting horizontal 
translation results from the combination of the 
two basic intermediate translations, longitudinal 
and traverse; the crack outline will be the same 
as for the intermediate traverse translation. 
For the remaining two types of translation we 
report the class ification into sub-types: 
Vertical translation : 
- absolute; 
- long term inal relative; 
- intermediate terminal relative; 
- short terminal relative . 
Slanting translation : 
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- long terminal longitudinal relative ; 
- mean terminal longitudinal relative; 
- short terminal longitudinal relative; 

4.2.2 - Rotation 

Rotation decay occurs when a part of the wall 
rotates with respect to the remaining part on a 
horizontal rotation axis. 
If rotation is not the consequence of a transla
tion , it is said to be primary, otherwise it is sec
ondary. 
For primary rotations, the following cases are 
identified: 
Outside main building walls or isolated walls 
subject to thrusts acting on their facings or to 
foundation yielding can undergo rotation move
ments. 
When a wall is joined to another wall section in 
an "L" and its building-in is not correctly execu
ted, it can undergo a rigid rotation; if building-in is 
correctly executed, instead, the wall cannot adju
st to the rigid rotation mentioned above since it is 
restraint by the links with the normal wall all along 
the coupling surface, hence it is subject to an 
anelastic deflection following basis rotation. 
If the wall has no opening and, beside being con
nected to another wall is also connected to the 
different floor levels and to the roof, these latter 
become, at their intersection with the face wall , 
the nodes of a series of cracks in the shape of a 
sinusoidal wave for the number of floors. 
If there are openings, such as doors and win
dows, cracks preferably run where resistance is 
the lowest and are located around lintels, which 
undergo a rhombic deformation. 
For secondary rotations following translation , 
refer to what already said for translation . 
4.2.3 - Complex seismic displacements 

Complex seismic displacements are those 
which , on account of their complexity, cannot be 
classified as translation or rotation and appear 
with vertical or "St. Andrew-cross" cracks at 
tops and joints . 
Rotation can affect foundations with the primary 
or secondary effect of a translation . 
This type of decay is often caused by the con
struction of an adjacent building without laying 
new foundations so that loads do not bear on 
the pre-existing foundations. 
It is believed such conditions were very frequent 
in the "medina" in time, and when a change in 
foundation deposits and soil porosity have 
added to them, severe decays have occurred. 

4.2.4 - Yielding of rising walls 

Most decays when rising walls are yielding take 
place when walls are subject to loads along 
their vertical axis and, due to a lack of cohesion, 
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undergo a horizontal displacement of the mate
rial composing them. 
The causes are ascribed to: 
- inadequate sizing of the cross section; 
- reduction of the maximum tensile stress due 

to material aging; 
- increased permanent or accidental loads 

(floor rising); 
- yielding of foundations on which the loads of 

other structures have been transferred. (18) 

4.2.5. - Crushing (Tab. 5) 

Crushing occurs when a wall does not resist in 
a certain area to the load it bears; the pheno
menon can be confined when due to localized 
loads, or widespread if due to distributed loads. 
In this latter case it concerns mainly the lower 
area of the wall where strain is greater due to 
wall own weight. 
Ejection of material and bulking of the plaster 
coat are the first step of crushing due to any dis
tribution of load. Later, cracks on alternate bran
ches can occur which come together as decay 
progresses. For localized loads, cracks run in 
the shape of a reversed hyperbole, that is they 
show two main branches symmetrical to the 
vertical axis corresponding to the load, toward 
which the curving is facing ; for distributed loads, 
instead, cracks are vertical or in the shape of a 
direct hyperbole (that is with the curving of the 
main branches facing the mean vertical axis) . 

4.3 - Overview of causes 

Thanks to a systematic study the causes of 
decay effects described above can be identi
fied , classified into categories and ordered into 
systematic overviews. 
As an example we report the overviews for rota
tion and crushing. 

4.3. 1 - Overview of crushing causes 

Essentially, crushing is of static nature and 
causes the attainment of critical stress in the 
material due to the actual increase of internal 
stress, or to an increase of loads as a conse
quence of eccentricity or of rising , or to a 
decrease of resistance following deterioration 
due to mortar aging, frost, etc. 
Static causes: 
Increase of load due to : 
- Eccentricity caused by soil movement; 
- Floor rising ; 
- Transformation and changes of use of internal 

rooms; 
- Lack of homogeneity of the resistance sec

tion ; 
Decay due to: 
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- Aging of mortar; 
- Frost in walls; 
- Water infiltration; 
- Polluting agents; 

4.3.2 - Overview of rotation causes 

The causes of decay leading to a rotation of the 
wall section can be divided into three groups: 
1) Static causes. Are causes connected to 

increased loads following floor rising , load 
eccentricity, etc.; to deterioration through 
mortar aging, wall frost, etc; to horizontal 
thrusts caused by trussed structures or by 
yielding of tension systems; 

2-3) Dynamic causes. Soil movements and 
changes in thrust cause a rotation only · as 
a secondary effect to primary translation , 
hence we refer to the overview of transla
tion . 

1) Static causes: 
- excessive load due to: 
- Lack of homogeneity of the resistance 

section; 
- Lack of traverse connecting structures; 
- Open wall panels; 
- Floor rising; 
- Load eccentricity; 
- Decay due to: 

Aging of mortar; 
- Frost in walls; 
- Water infiltration; 
- Polluting agents; 
- horizontal thrusts due to: 
- Trussed structures; 
- Yielding of tension systems; 

2) Dynamic causes: 
- see translation; 

3) Soil movements and changes in thrusts: 
- see translation. 

4.3.3 - Deformation by combined compressive 
and bending stress 

"Combined compressive and bending strain 
arises when the load resultant is displaced from 
the wall axis. This can depend on the initial load 
·conditions and can be enhanced by possible 
horizontal thrusts caused by the wind, by minor 
seismic tremors or by foundation settlements. 
Besides, combined compressive and bending 
strain can arise in walls whose ratio between 
the length measured on the axis and the mini
mum size of its cross section is greater than 15 
and the maximum load exceeds the allowed cri
tical value. Therefore, decay by combined com
pressive and bending strain is particularly signi
ficant where wall facings are not sufficiently 
connected between them transversely; the wall , 
instead of being solid , shows two or three very 
thin layers the one beside the other. (Fig. 22). 



When this same deformation occurs on several 
adjacent planes it can be controlled with metal 
tie rods at the level of each floor. 

4.4 - Intervention criteria, methods and techni
ques 

4.4. 1 - Metal tie rods 

" To strengthen using tie rods, steel bars are 
fixed inside the wall with plates at their ends for 
load distribution. Plates must be fit close to the 
outside facing of the wall. To assure a better 
static performance of the structure, horizontal 
tie rods are placed at the level of floors and the 
spacing between two contiguous rods must be 
minimum. (Fig. 23) 
As far as the placement of plates is concerned , 
three different solutions can be adopted: 
- orthogonal anchor plates one next to the other 

are embedded in the wall and thus camouflaged; 
- plates provided with suitable notches are pla

ced the one inside the other for a width of 4-5 
cm. This system, though reducing spacing 
between rods by 8-1 O cm, does not allow to 
camouflage the plates; 

- tie rods are anchored with orthogonal welded 
plates reinforced with steel angle bars whose 
length is equal to plate height. In this case , tie 
rod spacing can be further reduced and both 
rods and plates can be camouflaged. 

The use of tie rods aims to setting up a solid 
connection between the bearing structures. 
This reinforcement technique, though rather 
efficient as it improves the seismic behavior of 
the structure thanks to the use of vertical tie 
rods and to pre-tension, should be regarded as 
complimentary to others as it is not very suc
cessful on severely deteriorated walls. With a 
system of horizontal tie rods the connection 
between walls and floors can be improved". (19) 

4.4.2 - Cement grouting 

Pressurized cement grouting is not advisable as 
pressure exerted by mortar can worsen the drif
ting of an already precarious structure. (Fig . 23) 
After having carried out the re-connection of the 
structures, it is possible to proceed to filling of 
cracks with epoxy resins. (Fig. 24) 
In order to make reinforcement more efficient, 
cement grouting can be associated to tie rods 
with insertion of suitably spaced metal bars in 
order to increase wall resistance. 
Indeed, rods should contrast side expansion, 
increase compressive resistance and resist
ance to tensile stress. 
"The layout, inclination and thickness of reinforce
ment bars are chosen according to movements 
revealed by the examination of building cracks 
and to the variations of load balance consequent 
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to the improvement works, in view of achieving a 
solidly connected structure. (Fig. 25) 
This type of intervention, called "reinforced 
grid", creates a reinforced wall whose most suc
cessful application is in the connection of deta
ched elements such as: notching, unequal 
angles , rims, balconies, etc. (20). 
Steel rods have greater effect if they are pre
tensed as they generate a contrasting action to 
prevent deformation onset. 

4.4.3 - Reinforced guide plates 

Strengthening with slabs is particularly succes
sful on very deteriorated walls . It consists in fit
ting close to both sides of the wall concrete 
slabs cast on electrically welded cross wires 
connected with steel round bars. (Fig. 26) 
In order to obtain a thickness around 5-10 cm it 
is suggested to use shuttering; for a thickness 
around 3-5 cm it is better to apply a plaster coat 
manually; for thickness up to 3 cm the plaster 
coat should be sprayed. 
The choice of the thickness, of the mortar and 
of the consequent placement system must be 
adequate to the degradation of the structure 
and to the type of stresses it is subject to. The 
strengthening with reinforced slabs can be used 
for different types of decay: 
- large walls and cracks ; 
- sagging vaults; 
- brick or concrete pilasters; 
- isolated cracks. 
The success of strengthening with reinforced 
slabs depends on the correct execution of 
works and on the accuracy with which slabs are 
connected to the building bearing structures. 
The mortar to be used is of expansive, prefera
bly resinous, type for filling in cracks; and of 
compensated setting type if it is to be sprayed 
on the cross wires. (Fig. 26) 

5 - Stregthening and restoration of acient buil-
dings 

In the town structure of Fez "medina", the con
structional heritage consists in brick buildings built 
in ancient time with different techniques and with 
materials which have become loose with time. 
In the majority of cases the buildings have a 
common characteristic: the loss of the static per
formance they originally had as a consequence 
of one of the many causes mentioned above. 
To understand which might be the possible criti
cal points in brick buildings and after having 
remarked these buildings , though ancient , 
stand rather well vertical stress typical of acci
dental loads, it should be thought their stability 
is jeopardized by the application of horizontal 
stresses and mainly when there is structural 



discontinuity between the orthogonal walls 
making up the building, or when floors are not 
bound to walls (they are simply supported) at 
least with a curbstone at floor level so to create 
a well connected and braced whose behavior is 
similar to that of a slab. 
Therefore, the effects of structural decay are 
similar to those caused by seismic movement. 
Indeed, cracking outlines are similar to those 
found in buildings when there is no good con
nection between orthogonal walls, which are 
sometimes simply leaned the ones against the 
others without any connection (20). 
The goal of strengthening interventions cannot 
be limited to the repair of damaged elements, 
but it should improve the behavior of the whole 
structural system, avoiding modification of buil
ding plan in consideration of the peculiar typo
logical/morphological situation of the "medina". 
Therefore, strengthening should aim at: 
a) reinforcing tenons and mending cracks; 
b) improving joining of orthogonal walls; 
c) reinforcing and replacing floors; 
d) strengthening awning; 
e) strengthening foundations. 
In the first case it is suggested to carry out inter
ventions allowing to increase compressive 
resistance thanks to horizontal and vertical tie 
rods on walls. 
Interventions using binder injections should be 
excluded , much as the application of r.c. slabs 
or electrically welded metal cross wires. 
Should it not be possible to use the existing 
wall , it is preferable to create a new wall suita
bly anchored to the existing one. 

5. 1 - Wall structures 

5. 1. 1 - Horizontal and vertical tie rods 

Tie rods can be placed inside or outside walls. 
In the former case (drilled tie rods) they are 
made of sheathed harmonic steel strands in 
drilled holes as deep as wall thickness. 
Fig . 27 shows the schematic of an intervention 
completely based on the use of drilled tie rods. 
In the second case, tie rods are iron bars placed 
parallel to the two sides of the wall and clamped 
to a plate at wall end through a screw system 
allowing to exert a pre-stress. 
This type of tie rods is mainly used in the hori
zontal layout; fig. 28 shows a detail of the men
tioned fixation device. 
In the case of horizontal tie rods, they also 
accomplish the task of binding orthogonal walls. 
To this purpose, the ends of the tie rods are linked 
to plates or large wedges to improve connection. 
The use of drilled tie rods allows not to alter the 
external appearance of buildings, hence they 
are suitable to interventions on buildings of spe
cial architectural importance. 
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External tie rods are metal bars fit close to walls 
and often placed in grooves made on their surfa
ce (fig. 28) in order to camouflage them. Also in 
this case, for the horizontal tie rods it is better to 
place wedges at wall ends whose size is such to 
assure a good connection between walls. For 
external tie rods, devices such as stretchers are 
extremely useful as they allow recovery of possi
ble tension loosening occurring in time. 
As far as the compressive stress to apply to 
walls is concerned, experience (fig. 30) has 
shown an additional stress of 1-1.5 kg./sq. cm 
on the nominal section of the interested wall is 
sufficient to obtain quite a remarkable improve
ment of resistance. 
In this respect and as a guidance, consider the 
table in fig. 29 resulting from the experiences illu
strated in fig. 30, in which the final resistance of 
simple models of building with stone walls is 
expressed in comparison to that of two not 
strengthened models used as a reference to 
assess modifications caused by tie rods. The dif
ferent arrangements of tie rods to which the table 
refers are schematically indicated in fig. 29. 
Note that tie rod insertion in the central tenon 
results more malleable and gives rise to a com
pounded breaking. 
This appears clearly in fig. 30, in which the 
cracking outlines of the strengthened model are 
compared to those of tie rods in tenons based 
on experience. 
Another important effect of tie rods is the 
increased resistance of the " .... beam" connec
ting the tenons on each floor and determining a 
parallel action. 
This part of the structure is one of the first to 
break under the action of horizontal forces; the 
additional compressive stress exerted by hori
zontal tie rods delays greatly the onset of cracks 
under windows, which accounts (as shown very 
well by experiences in fig . 30) in an increase of 
building stiffness. (21) 

5. 1.2 - Wire tying of orthogonal walls 

The importance of a good connection between 
orthogonal walls in order to prevent collapse 
and increase building stiffness has been 
emphasized several times. 
Systems to recover the good connection are: 
- placement of curbstones at floor level , and/or 

at intermediate positions; 
- use of horizontal tie rods with suitable con-

nection wedges at ends; 
- reinforced connection wire ties. 
Ties consist (fig. 31) in trusses 1 m. long placed 
in drilled holes 40-50 cm. the ones from the 
others and sloping alternatively to top or to bot
tom by about 45°. 
Holes are then injected with a mixture sprea
ding at the corner of the building made by the 



orthogonal walls tied in this way, which makes a 
very resistant unit. This system allows to repair 
excellently cracks in the treated area. This 
method was successfully applied to repair wide
spread cracks in walls and on awnings. 
In this way, walls practically entirely trussed and 
reinforced could be obtained: these operations 
however must be performed with special equip
ment and by skilled workers, particularly when 
the whole building is to be treated as in fig. 32. 

5.1.3 - Interventions on floors 

The floors of buildings to be repaired or 
strengthened are very often in wood, their plane 
is highly subject to strain and supporting beams 
are simply inserted in hollows created in walls. 
Thus, these floors are able neither to distribute 
horizontal stresses between walls, nor to make 
up a satisfactory binding between walls. 
To this adds the fact that sometimes wooden 
elements are themselves highly deteriorated by 
time and moisture. In several cases there is no 
choice but to replace them with new floors in 
cemented bricks. 
Therefore, two types of intervention must be 
considered: 
a) strengthening of existing wooden floors ; 
b) execution of new floors. 

a) Existing floors. The goals to be attained are 
the stiffening of floors and their binding to 
walls. Floor can be strengthened on its plane 
by nailing a second wooden cribbing ortho
gonal to the e?<isting one, provided the condi
tions of this latter do allow it (fig. 33) . As an 
alternative, a r.c. hood can be made by 
applying to the existing ceiling electrically 
welded cross wires bent onto outside walls 
and cast with a 3 cm. thick concrete layer. 

An example of this kind of intervention is shown 
in fig. 34 where the hood is bent for about 3 cm. 
along the walls and anchored to these with 
hooks fixed in holes drilled in the walls , which 
are then sealed with cement. Note that the bent 
part is the binding between the orthogonal walls 
and a good anchorage of the floor to the walls. 
An improvement of the tie between walls can be 
obtained by inserting a r.c. curbstone in the wall 
(whose framing is bound to the electrically wel
ded cross wires) at a depth of 1 cm, as illustra
ted in fig. 35. The curbstone is in its turn assu
red to walls into dovetail recesses created in 
walls about every 3 m. 
Alternatively, the hood can be linked to walls as 
in fig. 36, where the pair of irons inserted in dril
led holes as deep as wall thickness at about 2 
m. distance, is bound to the cross wires with 
welding points. This procedure allows to avoid 
the creation of recesses in wall thickness; note 
that in the second case , connecting irons can 
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be inserted in the existing hollows instead of 
drilled holes, which streamlines the procedure. 
In the absence of curbing or of a bent hood, the 
connection of the floor to the walls can be execu
ted with plates nailed on wooden supporting 
beams and tied to the outside of walls by means 
of suitable clamping wedges. Such a solution is 
illustrated in fig. 37. Plates can be also directly 
connected to the cribbing as shown in fig. 38. Note 
that in order to ease passage through the wall , in 
this area the plate can be replaced with a round 
iron welded to the plate and linked to the floor. 
Replacement of floors. When floor conditions 
require its replacement with a new one in 
cemented brick, curbing is inserted for about 15 
cm in the wall and the electro-welded cross 
wires applied on the new floor are connected to 
the wall either in dovetail recesses (fig. 39) or 
using a system similar to that of fig. 36 (fig. 40). 

5. 1.4 - Interventions on awnings 

The analysis of damage shows that in buildings 
with cracks, damage is partially due to the bad 
behavior of awnings as a consequence of the 
thrusts exerted on them by walls and to their 
poor connection to them. In some cases, it is 
also required to replace part or the entire main 
roof trussing because of its deterioration over 
time and by weathering . Fig. 41 shows a type of 
intervention consisting in the insertion of cur
bing under the roof to which the supporting 
beams of the roof are connected with two of 
metal plates. Alternatively to the execution of a 
new curbing , supporting walls can be stiffened 
with a r.c . hood with electro-welded cross wires 
bent downwards for about 60 cm. The hood can 
stop on the support areas of the main trussing 
beams, which would avoid to disassemble the 
roof. Connection to the main walls is done by 
anchorage straps placed astride beams and 
well bound to the hood. If stiffening at the level 
of gables is necessary, curbing under the roof 
can be executed as in fig . 43. Large trussing 
chains can be executed in different ways: using 
metal or other elements, fig. 44 illustrates a 
solution using wooden boards. 

5. 1.5 - Strengthening of foundations 

Very often in old buildings, stone or brick walls 
are sank in soil for some ten centimeters and 
they are supported by soil directly with no foun
dation device. 
It is frequent to observe quite remarkable diffe
rential settlements and sagging caused by the 
lack of building connections at the level of its 
supporting plane. 
Hence, during intervention it can be necessary 
to foresee the implementation of foundation cur
bing clamped to existing walls. The execution of 



such a curbing can be done in one of the ways 
shown in fig. 45-46-47. 
In the first case, two foundation curbstones are 
executed on the two sides of the wall connected 
every 2 m. by means of r.c. braces. 
In the second and third case, the curbstones 
are placed outside or inside the existing walls 
and are connected to it by means of fixed joints 
at a distance of about 1.5-2 m. 
The choice of the one or the other method 
depends obviously on how it is to access 
foundations and on the specific conditions of 
the building . If a new wall is added , its foun
dation must be clamped to existing walls, for 
instance using dovetail joints as illustrated in 
fig. 48 (21 ). 

5.2 - Wooden structures 

For the restoration of wood both traditional and 
suitably made tools are used. For the prepara
tion of resins and injections, tools similar to 
those used in wall strengthening are used; only 
the shape of nozzles and the size of pumps 
changes, as for wood restoration these are 
generally smaller and easier to handle. 
For disinfestation or vacuum impregnation treat
ments, vacuum chambers and pumps are used. 
Recently, a tool has been patented allowing not 
only to drill wood, but also to inject disinfesting 
and impregnating liquids. 
Wooden supporting structures (floors and roofs) 
not accurately executed and in advanced state 
of deterioration should be pulled down. 
However, if the wooden structure has great 
historical value and shows precious technical 
solutions, its demolition and neither its replace
ment are advised; besides, replacement could 
be more costly (due to the cross section or span 
of beams which are not easy to find or to the 
particularly difficult placement) than its 
strengthening using one of the many interven
tion techniques. 
The most popular techniques are: 
- techniques affecting the external appearance 

of structures; 
- invisible techniques, hidden inside the struc

tures. 

5.2. 1 - Visible strengthening 

a) Strengthening of wood sections through 
superimposition or gluing of the existing ele
ments. 

This technique is used when the resistant sec
tion of the wooden structure is not large enou
gh both on account exclusively of wood dete
rioration and for the addition of new loads 
during the redevelopment of the building. 
Strengthening elements are made in the fol
lowing materials: 
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- wooden strips glued with epoxy resins; 
- structured metals superimposed to the woo-

den structure and glued with resin. 
b) Strengthening with tie rods. 
It consists in inserting outside the wooden struc
ture, pre-tensed steel bars or strands working 
together with the wooden element to improve 
static performance of the structure both in terms 
of resistance and elasticity. Strengthening with 
tie rods can be used both on a single element 
and on the whole structural system. 
The use of tie rods in framed structures creates 
a combined action metal/wood able to absorb a 
large portion of stress inside the wooden structu
re and to mend the altered geometrical outline 
bringing the structure back to its original shape. 

5.2.2 - Hidden strengthening (fig. 49) 

The most recent strengthening techniques 
tend to restore wood through an efficient com
bined action of old and new in order to bring 
minimum disturbance to the equilibrium of the 
wooden structure, which is actually a "framed 
structure" having a very good seismic beha
vior. The behavior of a wooden framed system 
is very similar to that of a steel framework. 
Indeed, despite being fragile, wood has very 
good mechanical resistance and is able not 
only to dissipate energy in nodes but also to 
balance the structures, therefore it is possible 
during restoration to exploit the combined 
action of wood and of prostheses in steel or 
plastic reinforced · with fiber glass glued with 
epoxy resins. 
Some of the systems involving the insertion of 
prostheses in wooden structures are the fol
lowing: 

the post-tension technique, consisting in 
applying inside or at the sides of the woo
den element metal ropes connected to 
walls with anchorage plates and to the woo
den structures with epoxy cement; 
tensile and shearing reinforcement, consi
sting in inserting in the tended bottom face 
nets of bars in plastic reinforced with fiber 
glass and steel cables; 
reinforcement with metal "flat" webs cente
red in the wooden section or coupled to 
other top faces (fig. 50); 

- insertion of synthetic resin prosthesis and 
framing in plastic reinforced with fiber glass 
(fig. 51 ). 

a) Strengthening with injections. 
This technique foresees the filling in of cavities 
in a wooden section with fluid resins to be injec
ted under pressure. While repairing cracks and 
discontinuity in wood, with this system also 
mechanical properties are improved. 
The procedure is very similar to that used in the 
reinforcement of walls ; what changes are duty 



pressures, nozzle size (they will be thinner) and 
the number of drilled holes. 
b) Repair of support heads. 
This intervention is carried out when it is neces
sary to repair the support heads of a beam. And 
when the wooden material partially or totally 
deteriorated cannot be recovered simply with 
resin injections. 
After having supported the structure and having 
eliminated the rotten material, the removed 
wooden section is reconstructed with a jet of 
mortar or of epoxy resin cement loaded with 
aggregates such as wood flour, bamboo fila
ments, quartz flour, silicates, etc. 
The obtained mixture has high resistance to 
tensile and compressive stress and assures a 
coefficient of elasticity very similar to that of 
wood. 
c) Strengthening of wooden structural ele

ments with epoxy cement through the 
reconstruction of rotten parts and the inser
tion of framing in plastic reinforced with fiber 
glass. 

This strengthening system consists in recon
structing the rotten wooden parts with epoxy 
conglomerates, relying for stress transmission 
on a prosthetic bridge of bars in polyester resin 
reinforced with fiber glass. The perfect fitting of 
the parts thanks to the use of epoxy resins is 
such to absorb stress caused by prosthesis sli
ding and shear stress. 
For instance: deterioration of supports due to 
continuous water infiltration jeopardizes the sta
bility of a roofing structure which shows: 
A: totally deteriorated wooden parts; 
B: partially deteriorated wooden parts; 
C: sound wooden parts. 
Strengthening starts by supporting the struc
ture and removing flooring or roofing with the 
relevant support cribbing and the distribution 
rafters only when overlooking the part to be 
repaired . 
The beam head is uncovered and freed of the 
wall scarf, by cleaning the deteriorated areas, 
the wooden parts which can in no way be repai
red are removed. 
Should there be special esthetic requirements , 
it is possible to eliminate deteriorated parts 
while leaving untouched the outer wooden layer 
in order not to break pattern continuity. 
The prepared wooden element can be 
strengthened with a framing of bars in pastic 
reinforced with fiber glass. 
The bars in wood have a function similar to that 
of concrete reinforcement. 
The framing has·the function to bind sound wood 
with the repaired parts, to resist bending, shea
ring and tensile stresses while increasing the ori
ginal response of the structure to stresses. 
d) Recovery of the wooden section. 
It is done when part of the wood must be added 
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with material having properties as similar to 
those of sound wood. 
To this purpose, resin cement can be used and 
care should be paid to use as aggregate a com
pound with wooden flour and shaving having 
different consistency. 
An epoxy conglomerate loaded with suitable 
aggregates, assures an indissoluble binding to 
sound wood, has modest setting and a long 
duration, reduces fire hazard and makes the 
structure water-proof avoiding the phenomenon 
of internal dew. 
The combined use of resin cement and of bars 
in plastic reinforced with fiber glass assures 
even better results as the bars has a high tensi
le resistance with a coefficient of elasticity four
fold that of wood and an expansion coefficient 
comparable to that of wood. Recovery opera
tion can be summarized as follows (fig . 51 ): 
- construction of temporary shuttering in the 

respect of the original size of the structure to 
be rehabilitated ; 

- the interior of forms are spread with a strip
ping agent; 

- cement is sprayed in the respect of standards 
for the preparation of epoxy resins; 

- epoxy resin pastes are injected in the holes 
drilled to house framing ; 

- after setting, the forms are removed and the 
walls are adjusted in the support area. 

In this way a new beam head can be recon
structed strictly connected to the sound wood 
thanks to the adhesive power of resin and to the 
high resistance to tensile stress of bars in pla
stic reinforced with fiber glass, beside the 
absorption of stress in the restored part , it will 
be a screen against moisture spreading on 
walls (fig . 52) 
This restoration technique not only allows to 
intervene on deteriorated beams, but it also 
increases support capabilities of a structure 
which needs to adjust to new loads. The bars in 
plastic reinforced with fiber glass are manufac
tured in different sizes and can be inserted 
throughout the whole span of beams in the 
tensed bottom face area, giving rise to a system 
of reinforced epoxy conglomerates similar for 
their flexibility of use to concrete . 

6 - Setting-up of a diagnostic laboratory for 
acient building 

Diagnostic investigations are indispensable to 
make restoration decisions, and the objective 
results of analysis with instruments allow to 
make the right choice for rehabilitation interven
tions . 
It is not meant here' to list all the potentials of 
non-destructive diagnostic techniques, for an 
in-depth treatment refer to the literature on the 
topic. (23) 



For different technical , static and planning rea
sons, we suggest to approach the recovery of 
Fez "medina" buildings at the level of construc
tional compartment with rising structural conti
nuity and continuity of foundations. 
After having carried out a "guidance" analysis of 
building conservation conditions (see ch. 2-3 of 
this Report) it should be verified whether the 
indication of the guidance analysis correspond 
to reality and possibly measure the found 
issues. 
After such a verification , the organisms to be 
conserved and those to be demolished or 
reconstructed can be selected with an alteration 
or conservation of the existing types. 
In any case , starting from a detailed analysis 
of the present status, the rehabilitation pro
gram can move from indicators of building 
deterioration. 
Diagnostic techniques offer the opportunity to 
gather information to verify whether hypotheses 
made on deterioration are right, thanks to qualita
tive data indicating the extent of the deterioration. 
In some cases, control techniques are needed 
to obtain information on dynamic phenomena. 
These techniques are costly as they imply 
equipment must be available throughout the 
duration of interventions and require in some 
case additional measuring instruments. 
Data collection for the diagnosis of deterioration 
causes in ancient buildings can also take place 
with traditional , destructive analyses which 
however pose several disadvantages since 
sample collection brings about further damage 
to the building which is often in precarious stat
ic conditions. 
Furthermore, the opportunity to collect samples 
in not deteriorated points can result into wrong 
assessments and a waste of time, and the 
detection of structural damage can be only car
ried out through a very high number of samples. 
Destructive investigations are not compatible 
with occupation of the building as they imply 
dismantling of coating and floors , which is in 
clear contrast with the goals conservation for 
restoration of historical buildings. 
Non destructive diagnostic techniques are 
advisable to avoid all these drawbacks. They 
can be summarized according to the methods 
on which they are based into: 
- nuclear: 
these are generally performed in laboratories as 
they imply the use of radioactive materials for 
gamma and x-rays; 
- mechanical: 
they are based on accurate size measurements 
or measurement of strain with deflectometers, 
sclerometers, extensometers , strain gages. 
- electrical : 
they are based on the measurement of electri
cal resistance and conductivity or on field meas-
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urements with conductivity meters and magne
tometers; 
- optical: 
photography and photogrammetry; 
- acoustic: 
they are based on dynamic listening and recor
ding of undulation phenomena using ultrasound 
gages, accelerometers or velocimeters; 
- thermodynamic: 
thermal flow-meters, emission meters, psychro
meters and thermographs are based on this 
method. 
Therefore, a laboratory for the study and dia
gnosis of deterioration causes and effects in 
historical buildings must be conceived as an 
organism made up of a diagnostic department, 
using non destructive techniques, and of a con
trol department using instruments allowing a 
constant monitoring of the buildings undergoing 
rehabilitation, restoration and maintenance. 
The diagnostic laboratory is thus an important 
part of a larger organization structure whose 
characteristics can be schematically represent
ed in the drawing below. 

PROGRAM COORDINATION 

DEPARTMENT 
ANALYSIS METHODS 

for building deterioration 

DIAGNOSTIC DEPARTMENT 

DEPARTMENT 
OPERATION INTERVENTIONS 

of rehabilitation 

CONTROL DEPARTMENT 

MAINTENANCE SERVICE 
CALCULATION CENTER 

PHOTOGRAPHIC FACILITY 
DRAWING ROOM MOBILE UNIT 

Operational Schematic of the Organization Structure 

The organization structure foresees two 
departments within the method department, 
the one for the monitoring of buildings with sui
table instruments measuring their movements 
in time and thus the level of danger, and a dia
gnostic department applying non-destructive 
techniques to investigate, following depart
ment priorities, verify and quantify supposed 
damage. 
All these data are treated by the calculation 
center and the analyses are updated, so that 
the department can suggest to the . Operation 
Department, based on objective evidence, the 
interventions to be carried out either of mainte
nance or of reconstruction. 

7 - Non destructive diagnostic techniques 

On account of the nature of deterioration caus
es identified during the survey in the "medina", 
and of the conservative restoration objectives 
proposed in Fez safeguard program drafted by 



the Morocco Government Delegation, it is logi
cal to suggest the use of the following techni
ques: 
- Infrared thermograph: 
to identify even non-apparent humidity areas 
(thermal map) and to quantify damage in rising 
structure (outside walls, floors and roofs). 
However, it should be remarked that thanks to the 
properties of this technique surface humidity area 
can be detected, thus it is most reliable on walls. 
Should deep subsoil inspection be required to 
identify feeding and discharge canalization of the 
"medina", geoelettrical prospecting is to be used, 
which allows the tracking of underground pipeli
nes even at great depth over a large town area. 
Both thermographs and geoelectrical prospec
ting can reveal the presence of pre-existing 
structures, the former in walls and the latter in 
the subsoil. 
In order to determine or verify the deterioration 
conditions of wall lining (rendering, plaster or 
mosaics) it is possible to use 
- Ultrasoud dynamic listening: 
to determine the support surface areas under
neath coating which are falling off and to ease 
conservative restoration operations. 
This technique has the advantage it can be 
used also on the wooden surfaces of floor enta
blature and in the assessment of wall size when 
direct measurement is not possible because of 
difficulty of access. 
The above applications concern the method of 
transparency listening on opposed surfaces, 
since a building material not homogenous and 
compact does not allow to obtain significant 
results from surface listening. 
- micro-seismic investigation: 
It is suitable to compare the conditions of the 
structure before and after strengthening and 
rehabilitation interventions. 
Indeed it allows to perform experimental meas
urements on response to acoustic stress before 
and after the recovery of static continuity 
between the structural elements. 
- Fotogrammetry: 
This technique is required to bring back all 
analytical measurements to geometrical data. 
This can be used at the same time as thermo
graph thanks to a special surveying method 
devised at IRIS/CNR in Bari, using a geometri
cal thermal flag. 
As far as the instruments for the measurement 
and monitoring of building conditions are con
cerned, the following is needed: 
Tensile stress measuring devices: for walls; 
- Flat jack test; 
Linear displacement gages; 
- Mechanical extensometers; 
- electrical extensometers; 
- resistance or strain gages; 
- induction extensometers, etc. ; 
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Angular displacement gages; 
- Clinometers 
- mechanical ; 
- electrical; 
Endoscopes; 
- To investigate inaccessible cavities even of 

small size , cracks or small canalization. 
They can be used together with thermograph or, 
instead of it, in the inspection of rainwater cana
lization, feeding and/or draining. 
Maintenance; 
- It consists in a special repair program for the 

lining surfaces of wood and walls thanks to 
the use of original decoration and painting 
techniques, and for awnings through the 
reconstruction of lining surfaces. 

Before maintenance and restoration of the 
deteriorated structures, it is necessary to know 
the conditions of solidity of structures in order 
to avoid new damage to surfaces after resto
ration , particularly if they are decorated or 
sculpted. 
Routine maintenance aims at stopping deterio
ration due to external agents. 
Extraordinary maintenance concerns the repla
cement and reconstruction of deteriorated ele
ments. 

7. 1 - Infrared thermograph 

"( ... ) With "infrared thermograph" it is meant 
the technique whereby infrared radiation spon
taneously released by all bodies at a tempera
ture above absolute zero is detected and con
verted into a thermal map or thermogram. 
The human eye is known to be excellent in 
making out images in the field of solar emission 
(0.4-0.75) , but it is completely blind beyond 
such a range. The use of thermographs, the
refore , allows to extend perception capability, 
through the display of heat on a monitor. 
A simple qualitative vision system is made into 
a single unit able to provide a map in different 
hues of gray. Infrared displays consist in multi
unit detectors (48 in AGA Thermovision 110) 
sensitive to infrared, which account for the num
ber of lines on the thermogram, and in a single 
scanning system which generated the image. 
The most commonly used sensitive element is 
lead selenide (PbSe). The scanned energy is 
than focused through an optical system on the 
sensitive elements, stabilized at a temperature 
of -70° through thermo-electrical effect. 
The sensitive elements generate a voltage signal 
according to the quantity of infrared energy inve
sting them at any moment; the signal is suitably 
treated to produce a real time thermal image 
directly on the display of a mini-TV set at a fre
quency of 3 projections per second. 
The basic layout of a thermograph measure
ment system consists of a television camera 



(fig. 56) , a display or monitor unit and a data 
collection and treatment system. 
An IR television camera is essentially composed 
of an objective with germanium lenses (blind to 
the visible band and transparent to infrared), a 
couple of rotating prisms and a detection element 
(an indium antimonide crystal). 
The IR detector has the task to identify the 
radiation quantity investing it and to scan the 
radiating surface point by point to draw a ther
mal map. 
This second operation is made possible by a 
system with two octagonal rotating prisms, the 
former for horizontal scanning turning at a 
speed of 18000 r.p.m. , the latter for vertical 
scanning and rotates at about 150 r.p.m. 
The sensitive element then analyzes different 
points continuously and the generated signal 
varies according to the intensity of radiation at 
each point. This electrical signal and its varia
tion are used to produce an image· in hues of 
gray, the lighter areas corresponding to the 
points emitting most radiating energy. The 
image so produced covers 70 lines at a scan
ning rate of 25 images per second. 
In order to increase the number of lines and 
avoid information gaps between the lines, a 
hunting is created every four subsequent 
images by acting on the scanning system , in 
this way an intertwined image of 180 lines is 
obtained at a rate of 6 and 1 /4 per second 
(fig. 57). 
An important characteristic of a television 
camera is the geometrical resolution power 
which establishes the accuracy with which 
small details are shown and is represented by 
an angle expressed in milliradians. 
Geometrical resolution depends on the size of 
the sensitive element and on the optical system 
of the camera, hence an objective with long 
focal will have a better resolution than one with 
short focal . 
In fig. 58, the visual ranges corresponding to dif
ferent objectives are reported calculated for a 
distance of 10 m. ; whereas in fig. 59 the table 
reports the values for resolution power of each 
lens. The infrared energy detected by the came
ra is transformed into an electric signal and then 
converted in a thermal image on a display unit 
or a monitor. 
The electrical signal, indeed, modulates the 
intensity of the electron beam of a cathode tube 
moving synchronically with the mechanical 
scanning performed by the prisms, and repro
duces on the screen the final image represent
ed by more or less luminous areas according to 
the quantity of energy investing the sensitive 
element. The synchronization system assures 
deactivation of the electron beam when the pri
sms are in a position such that the sensitive ele
ment cannot be hit by the energy coming throu-
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gh the lens, for instance when a corner of the 
prism faces the lens. 
The signal generated by the sensitive element is 
suitably amplified and treated into a video analog 
signal allowing thermal resolution of 0.1 °C at 
room temperature. Furthermore, the electron 
isothermal function can be used to highlight 
areas having the same temperature thanks to the 
saturation of white at all interested points. 
A further treatment of the thermal image can 
be made by assigning a different color to 
areas having different temperature. Colors 
used are an established range of blues to 
identify cold areas, whereas yellow and white 
mark warm areas. This type of codification is 
totally arbitrary and nothing hinders from 
changing the sequence of colors according to 
temperatures. Thermogram coloring can be 
obtained both through photographic treatment 
with colored screens starting from a basic 
black/white image, and with systems able to 
convert B/W images into color images, provi
ding television frequency output signals 
allowing the display of 10 hues of color on the 
screen. The most popular thermogram recor
ding systems are: 
- photographic recording of the image on B/W 

35 mm. Polaroid films; 
- color photographic recording of internal 

areas; 
- video-recording with possibility of playback; 
- recording on digital tape with the possibility of 

playback and computer-aided treatment." (24) 

7. 1. 1 - Interactive thermography and photo-
grammetry 

The use of remote surveying techniques, such 
as photogrammetry, witnesses today great 
interest for its application in architectural sur-:
veys. 
This technique can be certainly classified 
among those allowing a "non-destructive" dia
gnosis of the analyzed object. One of the grea
test advantages is , indeed, the opportunity to 
operate at middle long distance with no physical 
contact with the building, which allows the 
analysis and measurement of otherwise inac
cessible parts. 
In this respect, it is worth mentioning the simila
rity with thermograph techniques with the fol
lowing characteristics of the specific range of 
interventions: 
- photo-interpretative analysis in the field of 

"visible" and of "close" infrared· 
- plotting of the metric content ~f photograms 

with a degree of approximation depending on 
the instruments and methods used; 

- impossibility to study all that cannot be recor
ded on presently available photographic 
emulsions. 



The analytical operation of the photogramme
trical stereo process is based on the possibility 
to track the position of a point in space throu
gh the intersection of homologous rays from 
two photograms recorded under controlled 
conditions. 
Such a simple geometrical schematization 
would have required very complex optical 
mechanical equipment for the graphical or 
analytical plotting till not long ago. Today the 
use of "analytical" plotters is rather widespread , 
whose mechanical simplicity is aided by the 
speed of calculation of the object coordinates in 
real time allowed by a computer. 
The modern instruments, providing as output 
the spatial digitalization of the analyzed object, 
offer a convenient opportunity of interaction with 
the photogrammetric and thermographic 
models previously digitized. 
Despite the many above mentioned advantages, 
thermograph has a poor metrical content due to 
the mode of operation and to the construction 
characteristics of the most used instruments. 
This situation is instead eased by the low 
resolution of the whole system which limits its 
use in a narrow range of distance from the 
object. For an homogenous comparison of 
some of the characteristics of the above 
described photogrammetric image it is useful 
to remind the resolution values with three 
types of optics: 

Field angle Focal Geometrical res. 
(mm) (mrad.) at 10 m. (mm.) 

70 99 1, 1 35 
12° 52 1,9 60 
40° 17 5,0 182 

It is clear, from the analysis of the above listed 
characteristics, that the poor resolution and 
metrical reliability of thermograms can be use
fully supported by a graphic or digital pattern 
obtained with photogrammetric plotting. (25) 

7.2 - Ultrasound dynamic listening 

( ... ) "Dynamic listening is a non-destructive test 
allowing to know with good accuracy the quality 
and heterogeneity of construction materials 
(stones, bricks , wood, aggregates) bot in labo
ratory and on site. 
The method determines the propagation speed 
of sound waves through an element and analy
sis the received signal after having displayed it 
suitably. Measurements are made with electro
nic instruments consisting essentially in a preci
sion chronometer allowing to measure time 
intervals in the order of one tenth of million sec
onds, and in an oscilloscope to display the 
acoustic signal running through the material 
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under examination. The starting of time meas
urement is synchronized by an acoustic signal 
sent by a transducer (emitter) at contact with 
the material to be examined; another transdu
cer (receiver) is placed in contact with the same 
element to be examined, records the arrival of 
the sound wave and sends an electric signal to 
the measuring instrument. The electric signal , 
possibly filtered in pre-selected bands, is 
displayed on the screen of the oscilloscope, 
which is part of the equipment, in order to meas
ure the time (t) between emission and reception 
and determine other important parameters (fre
quency, amplitude, damping, reflection , etc.). 
Being known the distance (s) covered by the 
acoustic signal, the speed of this signal is cal
culated with the simple ratio : V= s/t. 
The measured speed of sound is greater, the 
higher the mechanical quality of the material; 
this property is connected to other elastic pro
perties of the materials, hence it can written: V= 
f(E).(E= elastic coefficient) 
According to the aims of the application of dyna
mic listening test , different measurement 
methods are used. 
Essentially, three types of measurements allow 
to clearly highlight alterations or defects on the 
surface or inside materials. 
The measurement of "surface" sound speed 
allows to identify alterations in the material 
indeed on its surface and are also use to exa
mine the quality of a material for which only one 
surface is accessible. 
In the presence of deterioration on a thin layer 
(surface alterationof stone) this type of measure
ment indicates the thickness of the alteration. 
The graphic treatment of the obtained values 
(time on x-axis and distance on y-axis) allows to 
express speed as the slope of a straight line 
segment (fig. 60). Two different slopes indicate 
the presence of a lower quality of surface mate
rial; two parallel segments of a straight line indi
cate the presence of a crack. 
Radiant measurements provide information on 
the homogeneity of the material at different 
distances from the surface. They are used 
when the two faces of the structure, either per
pendicular or parallel , are accessible (fig. 60). 
"Transparency" measurements allow to listen 
the material throughout its thickness. So, for 
instance a column or any other structure can be 
made of layers of stones of different quality the 
ones on the others, which in time have different 
behaviors and can be in this way identified and 
studied. 
This is simply the most used , rapid and simple 
measurement, however it is possible to have 
more complex measurements using material 
calibration , which compared to experimental 
ones can be useful to define resistance and ela
sticity values for the materials". (26) 



7.3 - Geoelectrical prospecting 

"( ... )This method is based on the measurement 
of the physical properties at different points of 
the soil surface. From the variation of these 
measurements it can be inferred the presence 
and, in some cases, the nature of underground 
formations. To do this, the formations embed
ding archeological levels, together with these 
latter, must be characterized by clearly different 
physical properties. 
The main methods of geophysical prospecting 
are generally divided into two groups: active 
and passive , according to two different modes 
of application. 
In the former, the soil is somehow energized and 
the effect on the trend of some physical magnitu
des is measured; in the latter, the values of some 
physical magnitudes characteristic of the materi
als making up each layer are measured. 

"active" methods measured physical magnitudes 
seisimic electrical; electromagne
tic elastic properties of the mean; 
resistivity ; electrical resistivity 
and induction effects; 

"passive" methods measured physical magnitudes 

magnetic gravimetric intensity of terrestrial magnetic 
field , magnetic susceptibility, rock 
residual magnetism; microvaria
tions of gravity connected to the 
distribution of materials in the 
subsoil. 

The electrical and magnetic methods are those 
most frequently used among the mentioned ones. 
The electrical method: consists in recording 
electrical resistivity variations in soil by sending 
a known intensity of current through a given 
section of soil to measure potential differential 
at the ends of the circuit. 
The system normally used is similar to that illu
strated in fig . 61 . Four electrodes, two current 
(A,B) and two potential (M ,N) are placed on a 
straight line; a known intensity of current si 
applied to the points A,B and the drop of poten
tial produced through the internal electrodes 
M,N is measured. 
This system has two possible variables: electro
de distance a and b. 
For archeological works these distances are 
rather small in order to concentrate the flow of 
current in the surface areas; practically useful 
values for a and b range between 50 and 5 cm. 
From the configuration of the electrical field 
generated in the subsoil by the device (fig. 
. 61), it can be said to loose rapidly its captive 
capability for increasing ratios between the 
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depth of the anomalous body and electrode 
distance. 
In order to go deeper into the resolution limits of 
electrical scanning (fig. 61-1 :2) a focusing effect 
of applied current in soil has been obtained by 
suitably adjusting the electrodes as shown in 
fig . 62. By comparing the electrical field derived 
from these devices with that generated by the 
traditional device of fig. 61, it appears clearly 
the former are characterized by a greater depth 
of investigation for the same electrode distance, 
or by the same depth of investigation for a shor
ter distance between the electrodes. 
Recent experiments both in laboratory on elec
trical models and directly on site indicate elec
trode arrangement. and focused currents can 
find interesting applications; results obtained to 
date in the practical application suggest oppor
tunities for more insight in the theory of electri
cal surveys" (26). 

7.4 - Microseismic 

Microseismical technique is the application of 
ultrasound dynamic listening to a number of 
points of the structure to be examined at the 
same time, rather than point by point and thus 
at different times. 
It is particularly suitable to verify the transmis
sion of signals from ad hoc placed noise gene
rators, and hence the degree of structural cohe
sion after strengthening operations. 
Therefore, since it is not needed in this first 
investigation step, its specific treatment is post
poned. 

7. 5 - Reading and control instruments for main
. tenance 

"( ... ) The building unit is made by assembling 
small and large components. Such components 
and their materials are in constant movement. 
Materials composing a structure undergo size 
changes due to changes in loads, temperature, 
moisture content. Furthermore, materials 
expand and deteriorate as a consequence of 
their chemical, physical and biological activities. 
This means that in their turn the components of 
the whole unit are in constant mutation. 
The effects of such a status are surface cracks 
more or less remarkable and rapid of each con
structional work. 
There are then accidental and external causes 
for the above movements. These are soil defor
mation and crushing; yielding of sub-founda
tions and supporting walls; vibrations due to the 
mechanical action of wind and gravity; rainfalls, 
etc.; traumatic strains due to collapsing, floo
ding and fires, etc . 
The components of the structures are subject to 
size variations only if they are elastic, therefore 



the derived constraints result generally into 
complex strains causing deformations corre
sponding to the force resultant. 
The optimal behavior of a structure depends 
then largely on the construction technique 
which should allow both to single parts and to 
the whole elasticity without causing permanent 
repeated strains with geometrical variations. 
The effects of structural movements can be 
summarized into four groups: 
a) acceptable changes in the ratio strain - static 

reaction with no alteration and deformation 
only of materials; 

b) irreversible deformation; 
c) onset of cracking; 
d) yielding and sudden collapse. 
These effects are indicated in the specific tech
nical literature as "differentiated movements" 
and "differentiated yielding" for foundations. 
All the historical buildings are subject to the 
above movements with more or less evident 
problems. 
Such problems range from cracks, to founda
tion yielding, wall slanting, deterioration of 
material compounds, weakening and precariou- · 
sness of structures. 
These decay events can be divided into two 
classes: 
- decays jeopardizing stability; 
- decays threatening the existence of the buil-

ding or of the comonent. 
An example of decay of the former type, which 
does not threatens structural stability, is that of 
a building which following construction under
goes total or partial settlements with cracks due 
to the assembling of materials or to their impro
per use in the project. 
Decays of the latter type can be in their turn 
divided into two groups: 
- decays causing sudden collapse if subject to 

accidental, unexpected or intense strains; 
- decays slowly leading to progressive defor-

mation and to damage or collapse. 
These latter are called "progressive move
ments" and are the object of surveys. 
For decays of the first group, indeed, monitoring 
is done by verifying deformation geometry com
pared to the original static reference together 
with the cohesion of materials refered to acci
dental strains arising unexpectedly. 
Laboratory diagnosis and experimental tests, 
as shown, establish the conditions of such a 
decay. Obviously, a measurement of structural 
movements belonging to this group is no use. 
Instead it is needed for the second group to 
know data on decay movement before any 
intervention since it provides indications on the 
approach to be adopted. 
Monitoring is also useful because it can indica
te active cracks as opposed to passive ones 
and which are the critical areas of intervention 
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by selecting actions and avoiding the trend to 
carry out global dramatic interventions. 
Instrument measurement is in its turn useful 
when visual assessment cannot provide appre
ciable indications and does not allow to establi
sh movement progress. 
Furthermore, visual assessments are always 
subject and linked to reading conditions. 
Control with instruments provides accurate 
information which are a document or evidence 
in time and they also allow to assess the 
increase or decrease rate of phenomena. 
This index can affect the requirements for inter
vention even before cracks become apparent. 

7.5. 1 - Control instruments 

As control instruments several tools can be 
used and there is practically no limit as to the 
detection system. 
They can range from the simple trait of the pen
cil to the complex elastic strain mechanical 
gage or to the sophisticated modulated linear 
differential voltage transformer. 
The most important are listing in decreasing 
order below: 
- graduated ruler; 
- plumb line; 
- crack width graphic gage; 
- gypsum marker; 
- glass marker; 
- metal nails and caliper; 
- cracking meter; 
- J.H.A. Crocket and Associates caliper; 
- cracking micrometer; 
- precision extensometer said tensiometer; 
- strain gage; 
- Tensotast caliper; 
- ii teleformetro; 
- L.V.D.T. system; 
other instruments used for the reading of cracks 
or to infer data are: 
- levels adjusted to differential settlements; 
- diastimeters; 
- photogrammetry equipment. 
All these instruments are generally used to 
monitor geometrical deformation. 
Finally, it should be reminded that the com
plexity of a tool does not always improves data 
collection and time needed to mount the instru
ment and treat the measurements can make 
controls less frequent, which would eliminate 
one of the priority requirements in these analy
ses: frequency or continuity of readings. 

The graphic gage. 
Usually it is a transparent mask or plate with 
notches and marks of different thickness . It is 
applied on the crack to measure its width. 
Beyond the marks on the instrument it cannot 
provide significant data particularly when move-



ment is slow as it will not be perceived and 
would require long monitoring to provide ade
quate data. 

Gypsum marker. 
This is a simple and inexpensive technique to 
reveal simply the presence of movement (it only 
signals and does not measures). 
It is applied to plain walls after having scraped 
off the surrounding coating and must be placed 
normal to crack progress. On inside walls it is 
preferred to use markers with a mixture similar 
to plaster instead of gypsum; or on outside walls 
a mixture of lean lime to avoid the action of 
weathering. 

Glass marker. 
It is similar to that of gypsum, but to work glass 
should have a stress lower than that of the 
crack. 
It is necessary to use very thin glass and if 
sometimes the marker does not break it does 
not mean there is no movement. The marker is 
to be fixed to walls with gypsum. 

Metal nails and caliper. 
This system consists in applying pairs of steel 
and brass nails at the sides of the crack and 
fixed to the wall with resins. A normal caliper 
reads in time a possible difference in the distan
ce between the nails. The accuracy depends on 
the measurement tool and ranges from 1/10 to 
1/20 mm. It is not possible to establish the direc
tion or the translation of movement, but simply 
a difference in crack width. 

Cracking meter. 
This is a very simple and rapid reading tool con
sisting in a plastic sticker made of a graduated 
fixed part and a cursor. If placed astride the 
crack, it allows a direct assessment, which can 
be reported in the provided space on the instru
ment itself for the comparison of at least five rea
dings. Beside the graduated reading it is possible 
to attain greater accuracy by measuring interme
diate variations with another instrument. The 
usefulness of this tool is in its simplicity. 

Crocket gage. 
It can be defined as the first precision gage. It 
consists of two steel shaped bars to be driven in 
and fixed as the nails. A micrometer reveals 
variations in the distance between the bars. The 
bars are shaped to allow reading in the three 
orthogonal directions. 
Thanks to the micrometer, reading accuracy 
can achieve 1/100 mm. With the same system 
thermal variations can be read. It must be kept 
clean periodically in order to avoid encrustation 
harmful to accuracy. 
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Crack micrometer. 
This is a micrometer adjusted to this type of 
reading. It measures variations in crack width in 
all directions. It consists in a normal micrometer, 
a metal bar with reference targets and two caps 
with a hook inside to fix the micrometer and a 
cover to protect it during operation. 
The caps are placed at the sides of the cracks 
at an initial distance of 150 mm. This allows rea
dings also for very large cracks. 
Its precision is of 1/100 mm. Its placement 
requires great accuracy, therefore caps are 
generally fixed with a relevant mask provided 
with the instrument. 

Tensiometer. 
The operation is the same as for the microme
ter with generally some adjustment to read 
changes in cracks or their deformation as con
trol on special materials or on shaped materials. 

Strain gage. 
This is a precision micrometer or extensometer 
with a reference bar of large size in special 
lnvar metal to assure accuracy with cracks of 
large size, even 1 meter long. The reading is 
direct as it is equipped with a graduated dial. 

Tensostat caliper. 
This can be defined as a precision micrometer 
whose peculiarity is that of being portable. That 
is it allows occasional and direct readings also 
for cracks of 5 cm. 

Teleformetro. 
It is an extensometer for measuring deformation 
due to variations of temperature inside materials. 
It detects cracks even when latent, that is even 
before they become visible. 
Deformation precision is for variations equal to 
3x1 O to the -6-fold When several teleformetri 
are applied multidirectional readings are possi
ble. 

L.V.D.T. system. 
This is presently the most sophisticated and 
accurate device. It consists in a linear differen
tial transformer allowing the remote reading of 
movements of cracks and deformations. 
At least three "probes" are installed around the 
point to be examined. Each "probe" has a cable 
connected to a digital metric transformer con
nected in its turn to a plotter or recorder. The 
system allows readings for points difficult to 
access and for constant periods systematically. 
Furthermore, it can provide at the same time 
data for several point or for an established 
period of time. The installation of probes is done 
using a metal square on one side of the crack or 
deformation, on the other side there is the 
actl!al probe made of a spring prod to be pres-



sed on the bar. Changes in pressure causes a 
current differential which is recorded. 
The system is presently experimental, but it is 
sure it would solve one of the most important 
issues in building monitoring for historical buil
dings and monuments. It is produced by 
Transducer Technology. 
Before starting any reading campaign, it is 
important to know the limits or advantages of 
the chosen system and tool. The monitoring of 
structural movement is a way to collect data on 
the phenomenon and not to solve the problem. 
So, if collapse is sure, it is useless to think that 
after monitoring this can be prevented. 
If collapse is immediate, monitoring is useless 
and could inspire false feelings of safety. 
Instead, if the knowledge of the movement 
index can influence intervention decisions, it is 
useful to evaluate both the simplest technique 
and the technique suitable to the time within 
which data need to be collected . 
In conclusion, it should be reminded that moni
toring should be performed not only when there 
is the need or will to intervene. (28) 
However, the most suitable system is to record 
beforehand the cracking outlines for the various 
buildings in order to assure preventive monito
ring over time. 
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