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2 Tecniche non distruttive per la diagnosi di affre -

schi antichi

2.1 L’affresco
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2.1.2 Danneggiamenti negli affreschi
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2.2 Le tecniche di monitoraggio piu diffuse
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2.3 Vibrometria Laser Doppler
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2.3.2 Funzionamento

G""$ " 200 nr 9" #"
I 8# 16, 200 n 2 " $ Il
# 09 ,?7 @ #! $ rF#
# 2™ 9 # " # 2 # "l
$ 1?2 2@ #00 0 9, &™
# " o9, I #2"™I
16, "/0 # "It $ I #
09 , E F" ! # ?
9" @ ™ $ $ # ! 8
# , #
"% # 0% @9 #
R# $% 0
BS1 BS2
e
Superficie
'l' l PDI e
e
Cella di B!
Bragz
BS = beamsplitter

PD) = fotorilevator
A = amplificatore

—®*=raggio non shiftato
—®=ragzio shiftato

====u=s P = razzio nsultante

PD2 ‘Y’
-

Segpale in l
uscita

Figura 2-11 7%

0( % !1#$

-19 -




@ o0 . ""$ $ @

$ $ # 09 ,0#3 # " ? & 7%S
"/ 9" /6%$"0 " 2 0%
# 0" 1 #IT P # 0 $ Q
P # $" Q # #1" # 0" E
E=+FF G "2 $ /™ 1" " E=-F
! # " "/0 16
o™ =- . #! =% =% o™
o " P # 0% Q
2 "8 " # $%6 , # # rPenox
"H# S #00 ,# 0" # # A\
$ " # .2 "0% le I *
8
/I$ " #00 ,# 0" @ " # $ *
$ # $3 [ " # “10
6 $'/ =% ! /10 "$ 2 #00 *
, # 0" #1 $/ ! 9" " # "@/™
"6 "1$ 0" $/#H # " , 1 6
$ EO9 , " F/ e cC ! #
9" 09, @/ Lo# I $ 09,
E 00 Il F#! $@ 0 6 9 9
# 0™ # "/ 0 $!$ "6"
o# [/ 09 ,/1, ! 8 #
/0 E F ., #H2 # E F# #
0 M % (
$ 16 $ . H*
0 -+5;H,  $%(

-20 -



#! @ 2%/, #

$ 9 e 0O ## E II'F
HEH#H A I L #
$ # 3 #
# ! 8" / # =
E$ $° 0 F $ /, #

$6 $6# "?29" #"" ! #

09 , # $#2 089

# 0O ## |$ # ! peoore

vty # T 2# | 8
$ # 2/

0 I 0% # E$S = U ?0 ? D?
0% FO $ 0 6 / 0 #



;-lrliltiliﬂ'

-

Figura 2-12 0(% %% ' %33

& % 4%
2.3.3 Caratteristiche
/I 6% [IM" I
# " # | ,

/| # " R /
0 +&&/ " #?/ $ #

+&& &&&

$ / # 1]

$("? $ "/ #09 ,# %&& H
@# 2# # V$(" | ,#
# W

[, "X # ! "l
$ #$"?2/" 1 # 2 # |
$ ? / I 2%$6 !

CHST O#

?"$ 9 #/
? # 16 $ /)

8#

0(.

-22-



?H" $ ? @/™6
? % N # $/
6 # |/ $ ?"
9 IMe
$ "# 8 # " #"
9" 28/ # 3
2 . # 8" [ 200 #$™
# $# /3 $ 9
?" 8 # # !
$" @ #7?" 66 "™ /",
$ 9! # " ? 21
s .
$ TRV
/" “H# 1", 9 19 #
6™ 09 ,? $/ "$ 9 #
00 $ "0 AR
$ 8 12/ ¢ 2" $
# 2 #

transmitter

Figura 2-

13 %

I M

@ $9 " *
o
$6 ?
"0
# 6 *

-23-



2.3.4 L’eccitazione strutturale
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2.3.5 Larestituzione dei dati
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3 Attivita sperimentale: convalida della tecnica LD

3.1 Costruzione pannello di prova
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3.2 Allestimento Set-Up
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3.3 Acquisizione del segnale

3.3.1 Aspetti generali
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3.4 Dispositivo di interfaccia tra strumentazione e worksta-
tion

3.4.1 Front-End
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Figura 3-11 . >
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3.5 Strumenti per I'eccitazione strutturale e 'acq  uisizione
dei dati
3.5.1 Martello strumentato
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Figura 3-14 *
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Figura 3-16
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3.5.3 Impianto acustico
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4 Risultati e discussione

4.1 Eccitazione della struttura con il martello str umentato
1 2 3
+ =" #0
*p |=" #I" O J #0
* $ J #0
=* | " E<F =
=*0% !
r T
*0p "
* # #
2 ., # " $ "3 *
/ /A " 00 $"
# # T#H".?213 41 #
9 $/" 4A#". # 2?2 9#" # *
oo™ $P Q2™ " “HO*
"00 $ #" # #" | "6 200
/ .ot 9 # o+
O #9" rgs@" 9 # /I *
/ 0 # $$# /| P Q 9 #
/| P#HO Q/$ ?2 0 ?#/ # /I .
9 [/ # " 9 " 9 #0
ST # ! #09 , 9 0O
0
# / ? 1& H, b 4%1&
H,

-54 -



/ #0 #
9  $/ " +? %?2=+?7=%
9 " %? -?=%7?=-
9 $/ " =H?2=%? +? %
9 /" =%?=? %? -
Figura 4-1 3 & +
Figura 4-2 3 & + * 3A %3

-55-




/ T VA AL #
? "$ #/ 4%1& H,? /9" ¢ *
re" II'" /3 %/
Figura 4-3 3
Figura 4-4 3

-56 -




Figura 4-5

3 & 8+

Figura 4-6

3 & 8-

-57 -




Figura 4-7
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Figura 4-9
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Figura 4-11
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Figura 4-13
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Figura 4-15
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Figura 4-19
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4.2 Eccitazione della struttura con la cassa acusti
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Figura 4-20 ) & .,6 %) & 6C
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Figura 4-26 W% ') & =6 %) & -:6C
Figura 4-27 ) & -6 %) & +16C
Figura 4-28 w% ') & -6 %) & +16C

- 069 -



! o , /1 "#"

E%1&& H, b
-1&& H,F R 3 I . # $6 8#
#0 ? # '1$ $ /3
$ 2 ? 11&& H, b 15&& H, "™*
"# /M9" 09, # # | #
? o @" /™6 00 0
o, /'$ ##" #0 G
@ ! W& @ 9 . # #
9 8 0 9 # 2#" @ ! ! /
E$ " T& HE&[F " ! o™ 0
13/ 2 I " *$ @% W&
oo 6 ? " 9 # " H#H#
"/
@ I3 # 2 L # 0
0 $ 3 9 8 # @
2 I # / ? 8" IMI*
# O#HH#H O H , /
Figura 4-29 & & ' 06C
Figura4-30 & & '0=6CBO '3 5

-70 -




Figura4-31 & & ' 0 +16C
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Figura 4-33 3 3
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Figura 4-42 3 '3
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4.3 Discussione delle misure effettuate con il mart ello
strumentato e confronto con le misure acustiche
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4.3.2 Punti non difettati
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5 Conclusioni

2 18" /"2 ., " 21 6 8# *
s $ 1"126" " $ #
# ""$  #9% # 167
o # $ " # # 0*
o". . A V#
$ "$ /! 08, s
$ #$ 6 # " 2 | #oHT
1" $#EH# 16 # | #0 #0 !
s $ "1 2 # 3
@" " ™i$ "t # 2 '
# 0 @/™6 ’
+ 2 " # i $ n
$ L#S$ST Lttt 0 #00
$#"/0 #16 /| #0 #0
O # !# 2// 6 8#9" $ #
# "# 00". 200 # 2 t#
2# 0, # ! #$ i
$ @s" . $
' $ $6 8#/#0 $ # |/ ##0 *
#@%$ $ .1 #0
% 0S$# #/ #0 #I#0 $ #
$ Lol % | "™ $ !
# $6 8/ M @ # $ I/,
nf ./ 66 0 , O $ #
/ 66 ™ $™? #" 8? *

00 #'$.,% # $

- 80 -



#/1 0% . /.

# [ #0 ? | $
$ I"6 / @
# $%6 "2
-1&& H,? 0, $ ! " 59
@ #0 $ ™$! 6
Il # vl
o H# " # ,
# $ 7 $ nms$ 1?
# 0, # |/ 9" $ ! /
$ #00 #
/[t 9" /6% @
I "00 2 " # 2
# | #IH#
# #0
# /! B
#
00 # 0 #
I'$ | # A-B $?
/! $ ! / # $
[ $9
%&&& H, O 4&8&& H, #! 0,
# O # # #," #0 @/ "
$$ # , "8 9
9" 0O$s# 0, #/#0 $
I # #0

#09 ,"

#
%1&& H,

-81-



[ [
# #0 C 9" " @ " "% ? $#
0 L # # [?2!1# 9 @
# $ / #0 $ !
0O, # $ @" %
A CEN N “#o, Il #
# ? 9 |/ #
" # ?1 , ?# 9
t# S o %
/[ # 00 0 9 /
" / 9
9 [ $" o # %
"# " F $6 8E "# F?$
/ !

#$ "

$/

09

$*

-82-



Bibliografia

+ ? /"2 ? $ (
) *
+ , "% %)
E%&&&F
% "2 $" (
- " ? ? $" % / 0
(
1 2)2 3 | " #
. %1 E+775F
4 $/ - 42 R . #
E%&&'F
1 2 * *
b
5 /" ? ? ?
5 (%
3 ! : E%&&5F
' u , ?2 U~*# ?2U

U 0O # # 6 -&4 E%&&'F
) " / 0’

-83-



Appendice |: Risultati Numerici
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Appendice II: La Biocalce

®

-88 -



- 89 -



-90 -



-91 -



-92-



-03 -



Ringraziamenti

"# | $# $
[ 2/ 8.% . #
16 8/ O0O# #$"

, $ @#!
?7."@% [, "™ $/
/ #
# , $ !
2 #" "6
6 =, |/
# 6 .t
$ #"* 9", # #

9"

"2

#*

-94 -



