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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
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CPTU48A

elletipi s.r.l.

\ia Annibale Zucctuni, 68 - 44100 FERRARA

s-mail infoelenpn sio: wew.elieuplil

ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

AZIENDA CON SISTEMA DI GESTIONE
INTEGRATC CERTIFICATC DA DRY

1] O Goni 2000

MITTENTE Comune di Ravenna -

\NTIERE Polisportive Ponte Nuovo - Ravenna
Ne CPTU 02 PROF. FALDA (m da p.c.)
08/04/10 PREFORO (m da p.c.)
OMMESSA 8042/10 C. SITO N°:
qc fg u incl. prof ac fs
Mpa kPa kPa aradi m Mpa kPa
Sosasa7 ees3 188 15.20 1408  75.55
2.55 95.01 26.50 0.58 15.40 13.24 78.93
1.95 146.50 34.86 0.70 15.60 B4 72,93
1.60 148.27 36.96 0.73 ' 15.80 57 73.96
1,18 110.60 50.21 0.81 16.00 2.30 £7.97
0.76 29.60 £0.94 6.96 16.20 33 65.17
0.61 23.59 41.68 0,96 16.40 .B1 70.16
0.56 12.98 58.11 1.05 16,60 & 72.54
1.13 15.63 35.18 1.10 16,80 11.93 75,98
0.73 20,4¢ 72.20 1.18 17.00 1173 62.84
0.78 20.48 79.81 1.25 17.20 13.45 75.89
0.92 42,32 45.90 1.37 17.40 13,52 84.70
0,78 49.22 £3.93 1.49 17.60 13.46 89.53
0.5¢ 38,75 55,17 1.57 17.80 13:31 73.85
.54 24.25 71.93 1,64 16.00 12,74 90,87
.48 18.68 86.69 1.74 18.20 14.84 94,07
0.41 18.52 111.77 1.82 18,40 16.67 101,56
0.40 16,94 112.72 1.91 18.60 14,22 9z.45
0.40 16,00 118.10 2.00 18.80 16.13 79.74
0.35 14.54 125.48 2,07 15.00 20.12 73.53
0.31 11.32 132.59 2.15 19.20 15.52 55.3¢€
0.34 B8.85 145.46 2.22 15,40 16.83 91.54
0.36 9.97 165.72 2.33 19.60 18.06 112.56
0.2¢ 8.95 178.37 2.35 19.80 14,15 109.18
0.28 7.87 188.37 2.44 20.00 7.05 76.91
0.28 §.24 214.78 2,49 20.20 2,21 66.04
.30 10.20 241.48 2.5% 20.40 1,70 71.56
0.30 9.82 250.25 2.64 20,60 0.84 33.09
0.30 9.10 258,74 2.69 20.80 1.07 10.76
0.37 9.51 265.45 2,78 21.00 1.38 14.80
1.50 12.37 107.61 2.87 21.20 1.49 37.9%
4.17 26.50 96.96 2.81 21,40 1.44 15.64
4.34 : 114.22 2.99 21,60 2.02 29,13
4.47 119,93 2,10 21.80 2.46 38.02
5.13 8 130.26 3.20 22.00 1.80 31104
6.26 3 100.84 2.30 22.20 242 37.88
9.38 3 91.35 3,46 22.40 .35 66.24
8.33 54.28 9§.24 3.58 22.60 2.61 83.
5.54 37.24 64.04 3.69 22.80 .15 42.2
i 5.56 10,06 57.27 2.83 23.00 3,51 49,12
i) 7.08 33.58 8 4.00 23.20 1.41 38.50
] 6.5¢ 45.83 111.39 4,17 23.40 1.33 35.69
o 5.81 28,50 87.24 4.29 23.60 1.16 28.75
7.22 34,27 76.03 4,42 23.80 1.21 14.88
8.07 42.80 78.31 4.57 24.00 1.48 15.64
.27 45,98 26.64 4.73 : 1.91 56.17
55 5 4.88 4.94 1.62 74.42
3 38.24 5.12 1.21 40.84
56.88 5.27 1.62 18.38
42.62 5.44 1,84
§3.14 5.56 2.08
71.26 5.70 222
£5.10 5.56 2.06
64.04 5.99 2
75.26 6.16 2 .6
107.50 6.30 2 52.08
106.17 6.46 2. 74.32
6.52 2, 72.37
6.76 1 68.56
6,93 ¥ 55.6
7.1 1.
5

~J

e

P TE T O

permanalors:

dott. Massimo Romagnoii

lo3

£

Lrea Infrastrutture Civili - Serv

o0

708.57
£55.01
€17.44
601.12

70 Edilizia U. O. Impianti Sportivi

TIPO PUNTA piezocone G1 - CPL2IN

incl. qc incl,
Mpa
2.18
2.26

2.53

4.47

prof,
m
30.20
30.40
30.60
30.80

aradi
%1
9.88
10.07
10,20
10.55
10.52
10.65
10.82
10.95
11.15
11.32
11,53
11.71
11.88
12.07
12.23
12.41
12.57
12.80
13.08
13.30
13.52
3.74
13.94
14.11
14.28
14.42
14.57
14.68
14.85

14.96

gradi
20.89
21.00
21.08

21:20

49.05
£1.61
§2.39
67.67

I Diretiore Settore Prove in Sito

dott geol. Gianluga Ferioli




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
AZIENDEA CON SISTEMA DI GESTIONE

elletipi s.r.L
Sede operabiva ed amm va: Via Annibale Zucching G4 - 44100 FERFAR A

lel D532/56771 fax 0532/56118  e-mail: info@etieupl sito: www aliebpiil

B WA e Codice Fiscale n. 001748003867

Mfvies s Wi egntiuttare o Tz gt 5.0

MMITTENTE Comune di Ravenna - Area Infrastrutture Civili - Servizio Edilizia U. O. Impianti Sportivi
NTIERE Polizportive Ponte Nucvo - Ravenna

DT © CPTU 02 PROF. FALDA (m da p.c.)  1.00
TA 08/04/10 PREFORO (m da p.c.) TIPO PUNTA piezocone G1 - CPL2IN
OMMESSA  8042/10 C. SITO N°: 573/10 del 28/04/10

q . thgiem’} f. (kgicT) U (kgiemd fo/q. (%) N
o 50 100 150 200 g 1.0 2.0 50 00 20 40 B0 BD 0 1 & 3 4 5 6 00 oz (4 te 0.8
t] 3 T T T —
£ | | < t ]
F = | ot
7 | | | —--—‘]"_ = |‘L |
Le | i |
= I + | | . —
! L_A ! | : | 1
T | ! | }
! 2| o S -
\ [ I
¢ i |
£l | | !
i E [ == T
] ’ ! (I
| o | | =S I—
] 1 | -
‘ | | | |
| o [ b
T e , T

|

|
|

Il Diretiore Settore Prove in Sila

Lo Sperimantatore
dotl. geol Gianluca Ferioll

dott. Massimo Romagnoli 575-10_CFTUDZ - pag 2415




ADOTATTO con Delibera di C.C. I\‘l'\.2182544/105 del 31/10/2017

{ENDA CON SISTEMA DI GESTIONE

elietipi s.r.l. INTEGRATG CERTIFIZATD DA DRY
et Sede operaliva et amm s Vis Annibaie Zucchini, 85 - 44100 FERRARA ___},:‘;‘ ;k 3
letipi | (10592056771 (x 0532056719 e-mail mfoi@elielipi i Sito: www elletip.l )
; £ VA e Cadice Fiscale n, 00174600347
o ' it e et e Ty = o

COMMITTENTE Comune di Ravenna - Area Lnfrastrutture Civili - Saervizio Edilizia U. ©. Impianti Sportivi

CANTIERE Polisportivo Ponte Nuove - Ravenna

CPT N° CPTU 02 PROF. FALDA (mda p.c.)  1.00

DATA 08/04/10 PREFORO (m da p.c.) TIPO PUNTA piezocono G1 - CPL2IN
COMMESSA 8042/10 C. SITO N®: 573/10 del 28/04/10

Localita: Polisportiva Ponte Nuovo - Ravenna

Lo Sperimantators: || Direttore Settore Prove in Silo
doli Massimo Romagnoli 57310 GPTU02 - pag & did dotl. geol Gianlucs Ferioli




elletipi s.r.l. ADOTATTO con Delibera di C.C. ﬁ;mmmﬁﬁﬁ017

W) ER 180 c
Sade operatve et ammva: Vie Annibale Zucshint, BE -44100 FERRARA . h B ?5‘253?#@&%{:&—-—#
tal 0832/667T1: [ax 0532561148 e-mai; nfo@elietput sita: www elleiplil
P WA e Codice Fiscale n. 0174600387

£ AT

 Camin 4 Ravenna - Area Infrastrutture Civili - Servizio Edilizia U, O. Impianti sportivi

polisportivo Ponte Nuovo - Ravenna

CPTU 02 PROF. FALDA (m da p.c.) 1.00

= 08/04/10 PREFORO (m da p.c.) 0.00 TIPO PUNTA piezocono G1 - CPL2IN
: COMMESSA  8042/10

Prof. (m) prof. media Pot, strato Litotoaia g. media i @'y €, media @' (1) @ (2)
da a (m) (m}) (kg/em?) (t/m?) {kg/em?) (kg/em?) (gradi) {gradi)

000 - 006 0.03 008 sabbie limose 17.867508 1.3-1.8 0.01 . ~45 50
g0 - Qs 0.0 Lo limy & limi sabbiosi 214 1.3-1.6 o2 1.4 =45 ah
oiaa - 022 0.18 0.08 {imi argilios: & argille imose 21& 1.3-1.8 .04 1.4 - -
022 - 024 0.23 0,02 argille 20.8 .7-1.3 0.04 1.4 - -
024 - 028 .26 0.0a lim1 argiliosi & argille limose 27.4 1.3-1.8 0.05 1.8 - -
028 - (.34 .zl 0.06 limi e lim sabbios: 0.7 1.3-1.8 0.08 2.0 43 40
0.3 - 0.3% 0.38 0.0z araille 151 0.7-1.3 0.06 1.3 . -
.36 - G4z .39 0.06 himi argillosi e argilis limose 20.8 L3-LE 0.67 1.4 - -
p.az - Q.48 {uag 0.04 araille 20.2 0.7-1:3 0.08 1.3 - =
046 - L.04 wis {.58 torbe 14.4 0.4-0.8 0.16 0.¢ - -
1,04 - 148 1.2% 0.42 argille 6.3 0.4-0.8 .23 .4 - *
1.4 - 1.30 1.48 (.04 limi argillos: e argille limose 83 0.6-1.1 0.32 .3 - -
150 - 1.54 1.52 0.04 limi & imi sabbiosi 5.8 0.5-1.1 0.22 O.e <3z 25
1.54 « 1.56 1.55 .02 himi argilles: e araille imose 5.2 2.8-1.1 0.23 (.3 - +
156 - 180 1.68 G.24 firmi & limy sabbios) 10.3 C.8-1,1 0.28 0.7 <32 27
180 - 2.28 2.08 0.48 fimi argiflosi & argille imose 7.7 0:8-1.1 0.33 0.E . -
228 - 238 2.33 pao argille 9.0 0.a-0.8 0.32 0.5 - -
238 - 250 Z.44 D2 torbe 7.8 G.4-0.8 0.33 G5 - <
2:50 = 2.58 2.54 .08 araille 7 0.4-0.8 033 0.5 = -
258 - 272 Z.65 g.14 torbe 5.0 0.4-0.8 .35 C.a - -
272 - 418 3.45 1.45 argille 4,1 0.4-0.8 (.53 0.2 - -
4,18 - 4.34 4,26 0.16 lirmi argilios: & aralle limose L4 U.8-1.1 (.49 0.z - -
4.34 - 4,40 4,37 .06 argilic 3.2 0.4-0.8 0,48 2 - -
4.40 - 442 4.41 .02 limi arailios & argilie limose 3B 0.8-1.1 .49 0.2 - -
442 - 450 4,40 .08 arqilis: 3.4 0.4-0.8 0.50 0.2 - -
450 - 480 4.5% o.af fimi araillos: & argilie imose .5 #4.8-11 0.51 0.2 . -
460 - 474 4.67 .14 argille 27 0.4-0.8 .52 03 - -
§.74 - 486 4.80 0.12 limi argillos) & argilie imose 3.0 0.B-1.1 0.53 0.1 - -
4.8 - 5.1 4,98 0.24 araille 2.7 0.4-0.8 .56 0.1 - -
510 - 514 12 G004 lims argitios) e araille limose 2.9 0.8-1.1 0.58 ' (1183 - c
5.4 - 504 5.54 R 1] araille 3. 0.4-0.8 .66 G.1 - [
5aa - 58& a5 0.0 {imi argillos: & argille hmose 2.9 6-1.1 0.63 Q.2 - -
595 - £.02 5.00 .04 limr & limy sabiios: 5:6 0:8-1.3 0.63 .6 <32 20
&0z - &1l 6.06 G.08 sabbie himose 14.3 G.8-1.1 G.o4 G <32 22
&10 - &a6 &.13 0.05 limi & limi sabbios: 12.5 0.8-3.1 0.65 0.8 <32 21
&1 - 526 6.21 010 sabbie imose 263 0811 0.66 = <32 25
6.26 - 642 6.34 = 016 sablie 45.2 0.5-1.1 Q.68 = <32 25
542 - 6.50 6,46 08 sabble mose 40.8 0.8-1.1 069 = =32 27
650 - B78 .64 0.28 sabbiz 44,0 073 = =33 28
6.76 - 6.86 B.62 sabibie imoss g6 0.73 32 27
686 - .56 721 sabbie 74.9 0,83 3 * 33 30
7.56 - 7.66 sabbie limose 56.8 G.52 ¥ <32 28
7.68 - 8.04 sabbre B84.5 .02 * <32 28
e.0s - sabbie hmose 55.2 u.a? 22 7
o0 - sabie 13135 0,8-1.1 272 - w3z 28
1692 - sabbie hmose 54,5 0.6-1.1 2.1% - ~ 32 23
e - .04 litrit & limi sanbbios 8.8 9.8-1.1 19 .6 ~32 19
1595 - &80 aroilie 18.9 0.4-0.8 218 e

20.00 - C.08 Lorbe 13 0:4-0.8 2.20 Ui} - =
20.08 - .02 argilie 158 L.4-0.% 5] *

2010 - sabbie hmose 4.5 .8-1.1 - 32 20
G35 - fimd & lim) sanbios: 0.3 0.8-1.3 3.0 <32 a7
3070 - 2024 Iy asgillos: e arpilie limese 181 0.8-1.1 .22 i

20,28 - 2026 argilie {a-0.T 222 g.r

BTG CPTU OZ « ierprelaieoni - pag - &3
L Ped




ADOTATTO con Delibera di C.C. N,,182544/105 4g! 31/10/2017

elietipi s.r.l. INTEGRATO CERTIFICATO DA DNV

Sede operativa ed amm va: Via Aanibals Zucchin B8 - 44100 FERRARA

tel, DS32BE771 fax US32/56118  e-maill inio@ellanpi il sito: www altelipiil
P It e Codice Fiscale n, 00174600387

La

COMMITTENTE

io Edilizia U. O. Impianti Sportivi

ANTIERE Polisportivo Ponte Nuove - Ravenna
{CPT N° CPTU 02 PROF. FALDA (m da p.c.) 1.00
DATA 08/04/10 PREFORC (m da p.c.) 0.00 TIPO PUNTA piezocono G1 - CPL2IN

COMMESSA  8042/10

Prof. (m} Prof. media Pot. strato Litologia q. media 7 v C. media o' (1) @ (2}
da a (m) {m) {kg/em?) (t/m*) (kg/em*) (kg /em7) (gradi) (gradi)
20.26 - 20.30 20.28 0.04 limi argillos: & argille imose 15.1 0.5-1.1 2.22 1.0 - -
20.30 - 20.34 20.32 CG.0s argiile 16.1 0.a-0.8 2.23 0.E - L
20,34 - 20.38 20.36 0.04 limi argilles: e argille limose i58.7 0.8-1.1 2.23 .8 -
20,36 - 20.50 20.44 012 araille 2.9 0.4-0.8 225 0.4 -
20,50 - 20.52 20.51 0.02 himi: argillosi & argille imese a.z2 0.8-1.1 .24 0.3 - -
20.52 - 2084 20.68 0.32 lime e limy sabbiosi 1.1 0.8-1.1 2.2¢ 0.4 <3 13
20.84 - 20.86 20.85 G.G2 sabble limose 13.2 0.8-1.1 2.28 <32 18
2086 - 21,08 20,97 .22 limi & lim| sabbios! 15.4 0.8-1,1 2,32 0.7 <3z 15
21.08 - 2116 2512 0.08 limi argillost = argillz limose 12.4 0.6-1.1 2:32 0.5 = -
21.16 - 21.40 21.28 .24 limi & liml sabbiosi 14.1 0.8-1.1 2.35 .6 <3z 15
2140 + 2148 21.44 .08 sabbie imose 21.0 0.8-1.% Z.3% s <32 17
2148 - Z21.64 2L.56 @18 himi & limi sabbiost 20.4 ¢.8-1.1 238 1.1 =32 7
21.64 - 2172 21.68 .08 sabbie limose 25.1 0.5-1.3 2.38 E ~32 19
2572 - 21.86 21.84 0.24 limi & limy sabbios 18.2 0.8-1.1 2.42 0.2 <32 i
21.96 - 2198 21.57 0.02 sabbig limose 16.4 0.8-1.3 2.41 - ~32 15
21.98 - 2214 22.06 .16 limi & lim| sabbiost 20.0 0.8-1.1 2.43 1.0 32 17
22.14 - 2232 22.23 0.18 sabbie fimose 45.9 0.8-1.1 2.45 - = 21
2232 - z.42 2237 0.10 sabbie 71.7 (.8-1.3 Z.46 - <32 4
2242 - 2248 2Z.44 .04 sabiie imose 4.5 0.8-1.1 Z.4% |- <32 20
2z48 - Z148 22.47 0.02 i & limn sabbiosi 27:1 0.B-L1 2.46 i.5 =32 18
2248 - 22,50 2Z.49 0.0z limi argilios: & argille limose 24,2 0.6-1.1 245 1.3 3 -
22.50 - 2252 22.51 G2 araille 24.¢ 0.4-0.8 2.47 1.4 - B
2252 -~ 22.53 002 fimn| argilios: e argille hmose 297 0.8-1.1 2.47 17 * -
- 22.5%5 6.02 limi e limi sablbuosi 36.4 8-1.1 Z47 21 <32 20
£2.56 - 22.80 0.08 sahbie limose 51.8 D.8-1.1 2.48 = <32 22
2264 - 0.20 sabbie 61.0 0.8-1.1 2.51 = <32 23
22.84 - G.06 sabbie limose 42.2 0.8-1:1 2.5 = 32 21
22.90 0.02 Timi & himi sabtyos 23.5 251 1.3 <3 17
22,92 - 22484 22.93 0.02 limi argillos & argille imose 17.5 G.8-1.1 251 0.9 -
Z2.94 - 22,96 22.95 0.0z argille 15.1 0.4-0.8 2,52 0.7 - -
2296 - 23.04 23.00 o.0g limi argittosi e argiliz imose 15.8 .8-1.1 2.53 0.7 - -
23.04 - 2332 23.08 G.08 limi & limi sabliesi 14.2 0.8-1.1 2.54 0.é 32 14
a2 - 2332 23.22 0.20 limi argillos) e argilis limose 12.9 Q.8-1.1 2.56 (75 ] E
2332 = 23.38 23,35 0.06 lirry @ i sabbos 13.5 0LE-1.1 2.56 6 <32 14
23.38 23,52 lim argittost & argille imose 121 0.8-L1 2,58 05 - -
2352 - 240 0.58 I & limi sabbiosi 13.& 0.8-1.1 2.67 0.6 <3z 4
23.10 - 2432 - 0.22 limi argillos| & argille imose 17.5 0.8-1.1 2.68 0.5 =
2432 - 2445 0.14 argille 13.E 0.4-0.8 2.68 0.6 - -
24,456 - 24.54 0.0 limi aragifiosi ¢ argille limose 11.8 0.8-1.3 2.69 6.5 = x
2454 - 24.66 012 limi & limi sabbiesi 117 C.8-1:3 [1X] 32 i3
24886 - 2476 .10 sabbie hmose 17.4 0.8-1.1 : <32 15
2476 - 24.82 0,06 limi & himn sablios 16.¢ 0.8-1.1 72 0.£ <32 15
24,82 - 24.94 liml argillos: & argille Imose 1.0 0. 2.74 0.8 2
2404 24.95 0.02 limi & limi sabbiost 18.9 435 65 § o] it
7586 - 25.28 fimi argitios e argille limose 20.9 G.8-1.1 2.7 1.0 -
timi & hiny sabbiosi 23.6 $.8-1.1 .77 1.2 32 7
hirrik argillosi & araille imose 22.0 0.8-1.1 378 11 - -
.04 argille 19,7 2.78 1.0
L.ue iim: argilles: e araille hmose GuB-z1 S
25.48 Time £ iy sabties 21.8 0.8 .79 3.4 32 &
25.87 014 limi argilles: & argilie hmose 19.4 GE-1.1 3.8z L.e
0.28 limit & limi s2bhas 19,8 0.8-3.1 2.85 5.0 - 22 1§
saline hmoss 24.3 U813 .64 ~ 32 17
limr & mi sapbios: o1 .68 i1 A if
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. _ ADOTATTO con Delibera di C.C. N:182644/105cel 8: 7

aileﬂpi s.r.l INTEGRATO CERTIFICATO DA DNV
i USR] BE 15C 9001/20

Sede operativa ed amm.ve: Via Annibale Zucchini, 69 - 44100 FERRARA =N EN 150 1;021?-0-7—-

tel 053'&53?? {ax053£}56119;_ e-ma _'lnfo@eﬂeﬁpi it silo: www.elletiplil

da p.c.) 0.00 TIPO PUNTA piezocono G1 - CPL2IN

q, media ¥ o' c, media @' (1) @{2)
(kg/em?) (t/m?) (kg/em?) (kg/fem?) (gradi) (gradi}
18.7 0.8-1.1 2.03 0.8 - -

14.7 0.6-11 3.00 0.6 <32 14
130 0.8-1.1 301 05 . -
15.7 0.8-1.1 310 07 <3z 14
37.3 0.5-1.1 3.07 - <32 1e
743 0.6-1.3 311 - <32 2
| a0 0.8-1.3 2190 - <32 18
a3 0.8-1.1 311 1.7 <32 18

267 0.6-1,1 211 1.4 < :

0.4-0.8 %1y 1.1 - -
0.4-0.8 312 0.8 . .
0.4-0.8 3.12 0.7 . -
0.8-1.1 313 0.5 . :
0.8-1.3 313 0.6 <32 14
0.5-1.1 312 0.6 2 R
0.8-1.1 3.15 [ <32 14
0.8-1.1 315 - <32 17
0.8-1.1 3,18 E <32 22
0.8-1.1 218 . <32 20
0.8-1.1 316 2.0 <32 18

0.8-1.1 3.18 1.4 - P

3,18 1.0 - E
218 n.e = -
318 0.2 = =
3.21 1.¢ <32 15
3.24 0.8 - -
324 ©E <32 14
3.25 0.8 - =
3.25 0.8 <3z 15
3.27 c.7 - -
-3.40 1.0 <32 15
2.4 - <32 ]

3.38 S <32 2z
340 - <32 22

02 - intecpreteziont« pag 3613
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DOTT. GEOL. THOMAS VERICPTUS5A [oma,aHb#4PRI GRRUERRAA(Eerkanabsaarios del 3111012017

PROVA PENETROMETRICA STATICA CON PUNTA ELETTRICA RIF. PROVA: | CPTU n™:
DIAGRAMMI DI RESISTENZA U07-15 RER2
COMMITTENTE: Regione Emilia Romagna PROFONDITA' MASSIMA DELLA PROVA (m da p.c.): 20,70
CANTIERE: Casalborsetti (Ra) PROFONDITA' FALDA (m da p.c.): 0,30
DATA: 29/01/2015 PREFORO (m da p.c.): 0,00
qc (MPa) fs (kPa) U (kPa) Incl. (°)
0 5 10 15 20 0 100 200 0 500 1000 012345
0,0 T T T T T T T T T T T i T T T T 0,0 T % T 0,0 T T 0,0 T i T T T
L.I_ .....'....l.....‘|.'.'...|..'.. N LR N ) .llll.‘ LI N NN R N ill.‘lf..
1,0 . 1,0 1,0
2,0 %r” 2,0 < 2,0 4
3,0 %“ 3,0 44 3,0 4
4,0 te= 4,0 g_, 4,0 &
5,0 5,0 % 5,0
60 += 6,0 6,0
7,0 %g 7,0
80 1o 8,0
9,0 4- * 9,0
10,0 10,0 10,0
11,0 11,0 11,0
12,0 1+ 12,0 12,0
13,0 + 13,0 1 13,0 13,0 +
14,0 L 14,0 +} 14,0 14,0 +-1
15,0 + 15,0 1 15,0 i 15,0
16,0 16,0 16,0 16,0
._:"{
17,0 17,0 +1 17,0 + 17,0 +++
L -‘}
18,0 18,0 18,0 % 18,0
19,0 19,0 19,0 - 19,0
20,0 +f 20,0 20,0 § 20,0
21,0 21,0 21,0 21,0
22,0 22,0 22,0 22,0
23,0 23,0 23,0 23,0
24,0 24,0 24,0 24,0
25,0 25,0 25,0 25,0




DOTT. GEOL. THOMAS VERON[SETj55A M2 aBb#APR GORUBRARA(Eerkar@bsaa/105 del 31/10/2017

PROVA PENETROMETRICA STATICA CON PUNTA ELETTRICA RIF. PROVA: | CPTU n™:
DIAGRAMMI DI RESISTENZA u07-15 RER3
COMMITTENTE: Regione Emilia Romagna PROFONDITA' MASSIMA DELLA PROVA (m da p.c.): 20,70
CANTIERE: Marina di Ravenna (Ra) PROFONDITA' FALDA (m da p.c.): 1,30
DATA: 28/01/2015 PREFORO (m da p.c.): 0,00
qc (MPa) fs (kPa) U (kPa) Incl. (°)
0 5 10 15 20 0 100 200 0 500 1000 012345
0’0 T -|—u_..|_ - T T T %lil T T T 0,0 T T 0,0 T T 0’0 T T T T
1,0 | 1,0 | 1,0
L.Ii..l.é .Illl..ll...l.l.ll...l FYPABRRAIERS ._......l...... ﬁl._l.',.l
P
2,0 i 2’0 —+ 2[0 4
L‘\ 3,0 - 3,0 4
4,0 4,0
5,0 5,0
6,0 6,0 i
7,0 7,0
8,0 8,0
9,0 9,0
10,0 10,0
11,0 11,0 11,0
12,0 12,0 12,0
13,0 1 13,0 13,0 +H+
14,0 14,0 +} 14,0 ++H
| 1
15,0 + [ 15,0 15,0
16,0 +4 16,0 , % 16,0
17,0 17,0 4+ 17,0 % 17,0
18,0 t 18,0 { 18,0 18,0 \
19,0 19,0 19,0 19,0
i L =
20,0 + 20,0 ? 20,0 — 20,0
21,0 21,0 21,0 21,0
22,0 22,0 22,0 22,0
23,0 23,0 23,0 23,0
24,0 24,0 24,0 24,0

25,0 25,0 25,0 25,0




DOTT. GEOL. THOMAS VERON EQFL:TO%;‘?DAF ma, HH4APPI GPBUBRARPAEerran@bs44/105 del 31/10/2017
PROVA PENETROMETRICA STATICA CON PUNTA ELETTRICA RIF. PROVA: | CPTU n™:
DIAGRAMMI DI RESISTENZA u07-15 RER4
COMMITTENTE: Regione Emilia Romagna PROFONDITA' MASSIMA DELLA PROVA (m da p.c.): 20,70
CANTIERE: Lido di Savio (Ra) PROFONDITA' FALDA (m da p.c.): 1,20
DATA: 28/01/2015 PREFORO (m da p.c.): 0,00
qc (MPa) fs (kPa) U (kPa) Incl. (°)
0 5 10 15 20 0 100 200 0 500 1000 012345
0,0 1T T T T T T 1T i T T 7T 0,0 T i T 0,0 T T 0,0 TTTTTTT
| I T T
1,0 ! == . 1,0 : | 1,0 1,0
[.Il....l.l..l.llll..ll...l... aaea ....I r..‘._-..‘ . (AR NN NENNENNEN] .\I.I..,.‘
2,0 — . | 2,0 +—0 2,0 4-F 2,0 +
L 5:_ — 1 | -__._“_—'_-'
3,0 | 30 +— 3,0 1 3,0 4
- o /]
4,0 1 4,0 4,0 4,0
= : t |
5,0 —== 5,0 5,0 5,0
6,0 g 6,0 6,0 6,0
7,0 7,0 %; 7,0 7,0
8,0 ‘\;\l'l 8,0 = 8,0 8,0
9,0 9,0 9,0 +f 9,0
10,0 10,0 10,0 +f 10,0
11,0 11,0 11,0 11,0
12,0 12,0 1= 12,0 - 12,0
13,0 13,0 114 13,0 3 13,0 f
14,0 14,0 - == 14,0 } 14,0
15,0 15,0 15,0 }F 15,0
16,0 16,0 16,0 +5 16,0 |
17,0 17,0 17,0 1 ? 17,0 4~
18,0 18,0 18,0 +—f& 18,0
19,0 19,0 19,0 }\ ! 19,0
| _
20,0 20,0 20,0 { & 20,0 L
21,0 -~ ' 21,0 21,0 21,0
22,0 22,0 22,0 22,0
23,0 23,0 23,0 23,0
24,0 24,0 24,0 24,0

25,0 25,0 25,0 25,0




A giedon pesinibide f pratgd e e sty DOMAS D

[eaml 20
15 =

|
#

TS YHOOUd HOUOISSIWWO)D

T4s 507039

‘ LT02/0T/TE 3P SOT/¥¥S28T ‘N "O°D Ip BJ3ql|3@ uod OL1v10oav

Vv8SN.1dD










060 SELT DEERL 795 0E  [BE0 DoTE DE07Z YL OLEER PIDE LETD 0oca i xard T 0ZZ7  69ED GLOD 006"y DE0E TEET 04574 PEED SE00 09T E filars 9650 D E- ozLn BROD 0Z5T
0ETT SRLT  OLPSS  PELBT 9050 OELA DET LBFT NGIF  OVEE GFT0 orsa DET'T ;IO OITTT  EIED 2000 Q88 QE0T 98’1 QES7L o' SEOD VTR DIT'T LEID 0oT'T- H6¥'0 GEO'D 0051
40T 8T DESTE TEYET 950 0eT's DLt LI9T  DLETR  TSEE LD DEga oeTE hED  DITET BRED GLOD oagy norg GO0ZT QLs'L EOS'D SE0 D DITE o0T'% 4650 azeE- Far0 ES00 0851
0are LT O6ET9  TRLST METD arry OLiTe 39T DdEEZr  ISEE A ops'a OETT 5960 00012 BSIO BOoD vy 0607 LLET DLEL nee'e SE0D DOTE e 89z Oy E- auro wro 0951
ostT LT Droes  9ET'ST §IET firad firqara 9T¥T  DLETR  GEEE Z0ED [ o0TT SIFD 0001 ELED 07eo oTEw 0BT osz'T 0es’L BEE'D 9¥00 OFTE DETT g DOET- o o Ops1
0607 T DEERL SETST 95T 0018 oLz 0391 0iGEy 290 ETED Dop'a DETE 890 OIIT  G9ED BIOD 0oay OTE'E BTl 0648 BRE'D o900 097°E DEOE yeED 060'¢- GLET EOODH 0ZsT
Otre SS8L OISR STINE Lk DBO'E 060 GIFT  DLEER  IGEL VEED ore'a nary L8650 0OO'TE  ELED oo ORLY DZTT ZETT a8 BEE'D 9500 Ov1E oe0T G50 006°E LEE0 osT'D 0051
08077 ORLT DSUBE EBLET EEDE o8R0’y 0G0z 95T DLETR  IO0'T SPED DEva 051'F 9580 DITET ELED 500 09l orre ozt QLs'L EOS'D ¥ion BITE 05T'E ELZD oroy Ten LLOD oav'T
vz PELT DBS06  IGLTC SRR Ry DEST BIST  DOZPP  LOST YEED oo OETE BEE0 0O00TT ELED Lpaa oLy orT 8T a8 orEg Yo DOT'E DETE E¥p 0 orsy oen wroo 0arT
DT DORT  QUSTIT  LZEST TET nend ooTE 85T  OSO9°GE  CEST ECED oee'g OET'T SIOT  D0O°TE ELED oo oELy DETT 08T T DES'L oe'n 51070 ome ORTE 4790 ooz SEED DITD ot
06T Z GIET  OSETIT  [TE'ST veIE DO0E niLe P95 T DS9GE  IOET LA 09E9 0erE SE50  DOOTE  ELED GO0 oLy orre YIZT s SELD oo 090'E n0rE B5L°0 OZVE won oo 0ZvT
OETT PIET OSTS0T  SOTLE [l OBG'L niee O00ET  OLB9E  PEO'L g17n Ove'a T vOT  0OOLE ELED 60070 [l otz S0z°T ﬁ “ DETD 51070 0p0'E 0B0°T SESD T SLED ILn 0or'T

¥

v

M H y 24 A

¥ 0ZTT YEE0 OTE'R-  DES'T 6500 s DOLT 15T oe - 5920 HIOD 0380
‘. i fr : B A

L]

¥

OLET £59°T  080°6Y 900 B0 0EVE 05t 91T  D9L0E LIST 45000 OBLS DET'T ¥aTl (LT SEED ELOD 0ort 0680 0E5'6- LET'T 0son 08y 09eT os1 ORG 0 w300 oS00 ovgo
0T T DDEMS  BSSY w50 o0F'L DH0T SETT  DBGTE  ILEE L5070 oad's DETT SETT DLE'L EOOD Brlrg oET 0260  DESE-  SEOT G300 3T T BLST o9y oFD 0o 0zEa
0ETT 5T DOEDS 200G 9150 OBE"L oIre GITT  D940E  S0LE L9070 ord's DETT 98TT 0548 0ZTD 9zen ' onry TLED 05001 SEE0 BEDTD 0T 0Er'T SEVT BoT'T- e GLOT 000
[ wWET  DOEDS W6 L DIEL 60T LLFD  09L0E SEST SE0D OEL'S OET'T TETT QLS'L BRETD STio 50y 50T 0680 OES'E-  9ED'T 6500 L 0837 BIST DEWE- SELD BOT [
0SET LEST DBORR  1GA'0T 1EVD OFE'L noze £96°0 DADE  ITEE 23000 one's QETT WUTT [ 1640 BIOD o DZT'T YZED OESE-  95L°0 05070 0T e BSS'T QZpE- SL10 L00'0 0980
062T 05577  eFer  IGE'TT L3E0 DZE'L 00T'T 0ze0  0L0E BIEE B9070 ORS'S 05T BETT QLS'L T6LD 8200 Ty arrT GIED  O5L0T- 9540 05070 ORE'T DEG'T 151 OTWE- ROS'D LO0D Opi0
0577E a5 T DOTRE ELIYT SEED DOEL QLT BTE0  OEETE  OTLT GE0D 0es's T SLTT LS TZED g Qo0 WL 940 DESE-  SER'D 0500 e oFe'T 8051 ora'r- G180 LO0D 0z
02T 5551 OGLTE  STEOT o DL DETE b0 D9LNE BESR Lpon ore's DETE oot LS 00 L4910 HE'E D&0T 840 0ES & FES'D 9070 o e L6571 060 - oo 00D ooLo
DT 9957  OSLTR ELYBT 6RED 0ad DENZ L6W0  DBETE  FST'T ] oge's orTT mrT 0648 BIITD 0500 a6 g S9ERD  DSL0T- RESD GEDD 0IET oy 0ZrT BET'S THEFD BEDTD 0830
oare TPST  DESOP  TSWET  ELED s 05t 7980 OWEE WS L ETo 009's DiTT g0t L BEZD £000 ' DELT D 05001~ SEED 6Z00 OOET ooy ETET o2rT a0 #ZOD 093G
08T E¥PST  DESOF G5BT LeE D DETL DGEOE SLUT DEYME  BLETT ZETD ORS'S DT 080T QLSL EFT O 0Zeg OTE'E OEL'T 9E80  OSLOL- 9S40 BEOTD ORTE OpsT LIET oEvT 00 os0n opgQ
0Tt OP5T DESOF  ERLLT EOPD 00T'L oIty PITT  DEETE  SEED T&00 Deg's 0ET'T It QLSL EFTO ozog 0065 D5LT 540 0500 OBDT oS00 e DBS'T EIET 0897 I£L0 BZOD 0zen
fuirars £19'T OTEGE 18991 99D 0eT'L 080z EONT  DBETTE  STE'O 63070 ors's onze EGTT DLG'E o 500 0egE 0607 LLED DELOT- SEED 00 o OBSE TIET 0w LeED BIOD oogn
oyt TEe T OTEEE  LPE'ST 9900 oeT'd DGOE BE0T  DEETE SIRO koo 0E5's DET'T 0set DLEL LFT0 [zoo 09RE oo 5340 OES & 2ELD GEDD ez DEE'T BIET oRY'T SLTD BLIOT 0850
0zze OBYL  DESOP  BISET (<3303 orTL 0ZTE 860 066 IE 5290 ] 0os's DT 5501 (A LFz0 oaoo Ve 0RO G080 0£5'6- FESD GEDD 0T'E 05T GOTT 0897 SLTD BIO'D 095
OELT QIST  0E50r S96LTT 2090 0IT'L ooty DED'T  D6EIE  9EGD 200 OBR'S 0ZTT TEOT [y 49D Tz OTHE DL0T EZLD DESE-  PESO 0500 0HT°E OPET SETT ODEE EGED 2000 ovs0
ovz T 9501 DESOR  EOVE e 0at'L o5t g0 DBETE  SZED 6500 Der's 0ET'T LP0T QLSL BEET 0oog 0oE's Doy 9830 0E5'6- FESD oson 0T oeaT BT OZTs Qe BEOR 0z&0
(-1 50 BYT 0L BIOER Sri0 ned 0T L90°T  D940E 57RO Bp00 OFr's oere et DLG'E v 000 maLe 0507 SRL0 DELOT- BEED 5200 L oea WIT oewT BIED LE0D 0050
oart LEVT  DLETP  WSE 51¥0 osrg fiidps 9560 DEETE  SIEO G900 0Ev's DET'T 55071 DLEL SOETD yooo D9LE arre zZ90 OES 6 9E5L0 aE00 0Tz o%a% L5871 094 ern BOZ R 0810
0ste gL DLGTF 966 L0 aro'y ooz 9360 0B LE  SZE0 65070 0op's DETE B90°T orED RO EQon QrLE 0ZT'E gzLa 0£5 6- 240 GEDD 0T'E NEST EITT ove oD FOO'G 09rn
OELT T 00TFr PISTD STED DIL 0607 ZINT  09L0E  PTLD LEQD ORE'S ooTT SEOT QLG DLED SE0D OTLE otrT EZLD  DEL0T- BELD 8100 0R0°% DEST LETT 02T 4100 000 oern
06T 18T 0IRSy D6 T D00y o5tz 2890 ODBETE  WILD BE00 DET'E EEOT ares o SI00 oL'E ore'y #0970 0£5'6- GLED BED D D90 DBST LT osvT B9T0 080'e ozyro
0ty PP DIVER VDR VIOT O8RS ot SO60  OBETE  PELD LEDD OSTE 9860 s ] L 0ag'E ORET g 060~ DT 00 ooT 085F BT T QE9'S LBED BEOD oo
DETT orvT  Ofrsy 8100 FETT TeE'S DEGT 200T  DeETE  E09'D LEDD ooTE BI50 QLS SErFD 1o 09gE 0587 2540 Oe0°g-- BSED ZE0T L1{rd 05T iveD DEET ey BEDD gD
oars TIrD  OEYSP  EETET 6560 oPe's 06T TI¥0  DEGTE  GISO0 EPO0 DETE 980T sy BR5T LIo omeE {112 0e 4 ESETD D607~ 60T £90°0 D00'E 09sT L0571 DDE'E SHE'D g0 09E0

L 05T QEST En QLs'L Lto DEDDY OpED

O6O'T 99071 QES'L BES0 ___.Noun_ OOFE QETT BELD 0L~ Q0T 0o 12 8 opsT 1960 DOE'E ELED BRO'0 OZED

2
.
2
=
-
8
E
=
g
=1
3
g
E
g
N
7
8
¥
a
&
B
3
.
~
2
o
g
5
i}
2
-

gB50 QESL Ieg i
Jpein | e | wgw | ediw 1w

Jasfwa |,
wueaep | Cpul | Nd | T8 [ dd | yosd Jaueaep | pul | N | W | 48 | youd fauesep | Cpul | Nd | 18 | ¥ | oid fzueaen| Cpul | N | Td | 48 | yosd frueaep] cpul | nd [ W | gy | doud
Ej|BUEZ 4 *|0aD i] BI0IESWIEds pianBase woizedissig U ysdp P 00'4 1 B OULY 4 DAEDS 1L 07'T101085d £T0Z/E0/TT EIEa)
ENOPUOT W|DED A0 (OU0IEIOqET [BR A0 SIS - NITTdD-TD S3uadouna] Jea|ws)s E3und d Bp T I ER[E) ENPUDIOI (v} Apsuuay ajezzeldasapue)y

woafed@ oyl - yroaiiad mam
asEIES Oy - DETHY T'mieuediue AP Bja
s oaliag

1ep ENNEasa easy

B4 000E euniEBe) eussew BlpUD oL £ Nid2s Ehay 0| ELUSAEY |p SUNWOY [SIUSH LLWoy

o=l

€ NLdOS

MITERS

LTOZ/OT/TE 19P SOT/P¥SC8T "N "O°D Ip eldql|s@ uod OL1v10dy




el

©2]UD3}099) 8 BIIB0J08D BUOIZR||SPOI Ip BUOIZR[SY —

(vy) euuaney Ip saunwo) [au ‘Apauuay "4 ' ezzZeld Ip eansiueqin auoizealyienbi ejjap auoizenaboud ejie ayonnapadoid ayonsouboab uibepur Ip oluswels|dsa Jad LoneT]

) T LT S 13 L A B T AT 2 A T T 17 1Y 4 AR -1 AT S -] SR 4 T ) ) AT 3 S B o QU1 G-~ G e | 40
DaLT 1B 0Lyt TSESS EBE'S 0Zret a0z 8807 O00EDS LIEIE WIS OELvT | OELE OEsT QpTOE SERRS €TLF OPTEL | ObZ¢ EFLE  QeB'9C 9ELSZ TROE  OBPID | OITE LSBT OBLBT  DOROE 577 ovie
DET'T DIRT QETOIT ZTOLS e potet ' i 0T BEFE  DBLGE  16E9S PISE OCLTET | O5C%  BITZ  DGOLE  LVESE  BIEE  DORIT | O90X GEET  OSUSE  oROOr SO0 EFE
DEL'T R OETOTT HI0TL 5iTH 028t 0oy SEPT  DIO®9  EBEOC 950  DDTET | OPZE  OSTE  DIE'SE  E6LBT S9SPE OPRIT | DUOT SIET  OOSEL  BRTOP EROT 0oF e
05T°T SIRT DEYLOT ST0ES 18678 09Eet et gye 01579 GAT WY L00E  OBDEL | QBT  GLTZ DER'GT  BIDEE  POSE ODEPID | QO 20T OOTLE  BSEDF 2811 086
DOZTE SIRT D2E00T TOLFS BEL oyEST OET'T PAT QL0005 0RTRE ISTE  OBDET | OBZT  OPTE  QUE'TZ  DY2LE  QL0E DOWIT | ORTE BOGT  OIESE  LETOF  EOOT 0986
DELT oey 0 EE BELTL sie DZEeT o0T'E T 0159 9EEhE 4956 OQeDEL | OS¢ OSTE OSL0¢r  OpTSy  ZOWE OBETIT | 0BT LOGTT O0TVE TRSRE  LLO1 ovlE
DETE sIe? DIETE LTESL reLa DOEST D0S'E SO¥E OI5E8  DETGE 988°E  ORDET | OLET SETZ DOFTE  W4SEv  IRIE  OOETT | DETE 98T 0L PIT  GIALE  Z66D 0ZLe
DELE e DIETE EGTTE 3369 0ETaL 0ETY EBVT OIEGE  S89LE 005y  ODDEL | OSTZ  BETE  QSPZT Z9vBE pSE OFETL | D907 GEET DWPETT O LLWOE  GLED DOLE
DBOT ST OLP 95 OTE 06 =03 naTet QLo rVT OTIEBE  TIEGE BSYY OB6EL | O5LE LITE 0LZZT  LIREE TALE OFETL nare DEE'T DEEDE  OSTRE 050 NEFE
OETE BIRT ] VER'EL PIE'Y oPEeT 7 " ! i ¥ A " DOETT | DITE SEET  OBLBT  SPIBE 0I60 09%°6
QLTE ERL'T DGt 8 TER'TG BIE'Y EEeT DETTI DEIE GAET OOTEE BLWEE DEOT s
DET'E e DEG9E 443 SEEY 00T st 0921T | B40F BOET  OEDLS  L9EEE OG0T 0ZFH
DET'T 1287 0T T6 209Ts 9845 0919t DFTTL D60'E BOET DEFVE  SPT6T 080T 006
DZTE TEET 09T v6 ST 6P 06z3 09Tet DZETL OROT OLET OZLOGL IOLTE FEE'D Dase
osLT FER'E 03T vh STLRY EL58 M1et DOZTIL | QETE PEET OLIBEL 9SI'SE 0SL£D 0956
e ar BIRT 00L°96 FIZ6r YIOL 0ITer DELTI DET'Z QEET OET'SS  L9E°6E 89D w56
OETT LERT 00L'96 FIZ'6Y O6TL 0oTet 0L 11 OrTET BGET DRLBT PEG9E ZFE'0 0Zs6
oIoT EDET D096 SGERY 6OV L ngoreT OrLIl arE BET 0ISTS  TIEWE Er0T D0SE
0E0T DER'T D0L°96 EDS9T 221 '8 09ret DETIT DT LIET  O0GRIT  [9E7VE ELED 08s
OFE'T EORT D2ENOT TBETT ELS'L 0ot OOE'TL QT5?Z ESET LS EIT IIHZE ETED 08kE
QEST GEET DORTOT EQSTS EDD'L OEOreT OROTT OTTT 2T 090°9FT  [9ETDE ROLD e
DEDT TER'T o105t wET e el 0ooet 08011 ORTT BEST DEZERYT EIGLT BELD 0Zre
e SZRT OBLETT SEETY L9EL DEEST OFOTT LT 9SET  OSEESL  BEODNLE (AT noveE
DITT TEBT OSETIT ELSOF LVEL D9 ST 0z0TL orrT 9EHT MEBST ECRST BOLTD 02ER
asTE PIET DETDIL 950 SEEL ST Do0TL [Tirars GIET OG0PST  SPT'RE BOLD N3ER
OETE TiRT QSETIIL ELDEY VOR'L DEEST DBE'0T DEET QEET  O9BTSL  SPLOT BELD MER
0T OVBT OTHE0T LITHY W5L 00&°ST 08601 osre DEET  OSONEBL  95T'6T BILD OTER
om0z ivET  DEOYOT (1A% OED'L DEFET OFeOT | DSET 9ENT  OGEERT  /9EET  9E9D DOER
DROE BFET DRT 10T TRL0S Lr1e [98°sT OZEOT 09rE O9E'T  R9ELT FEOEL LT 08T6
e0'T BFET 008 TOT SEC'EY w5s O¥E'ST DOEDT 0ar'e EVET [96RIT  GLPLT [as:i} 0are
oasnT OFRT OFT 06 STTLY ¥aLS DTFST OBROT | QECE ESET  OOE99L  9STLT 0650 oven
00T T8B'T DT R TSE'SY TS DOFST O9R'DT ostE GLET DE9TOL  ITE9T 085D 0T
0507 SKR'T O9E00T ESWEY EBE'S 08L5T OFEDT | OSTT SI8T DTHT9T  GL¥9T  0BSD oTe
00T VERT  O9E00T  ESKEY 115'S 09LsT 0£8oT | DSEE 18T [OEEST ZIE9I 655D 0816
DETT FEET DESI0T FLSTE ERS'S ST DOROT | DOZT ZZ8T OTESST  SPTUT L2590 mave
o' aTRT DESTIOT PO 955 OELST DELOT OFTT OIET 0987TSL  95TL1 £LSD OvTe
QBT TERT 0E°00T OFE'FE E5FS DOLST 02207 | OFCE EEET OBGLPT  #EONUT 5050 0ZTe
o SIB'T o166 A5LSE [4 et 089st ORLDT || O6TT EEET O9LGFT  PEOLT 505D o0T'E
o80T BIRT TF1'a6 1SE9E TS 099°ST DZL0T | DRTE TI8T [O¥SSPT 06591 SISD DRE
OF0'T VIET P66 BLOLE LITS 0resT ooiot | D9rT TIET O8FT¥T  SPTST  LESD D9E
QER'T SIET ORETOL FiSHE 0TS DZFET B9l | 050% EERT DEVWGEL TIFST 695D e
T T0RT 0L %G QLSTr /TS O0FET NS0T ) OTLT PIET  OETEL  ITEPT G550 Lrdvy
DETT LORT DY SE EORTF 0615 085°5T ornl | DOZE BIET DEE'RET S99IT BRSO 000'E
DET'T BELT 03T ERrte YETS @95°5T nEenT | DETE SIBT O6EREl  TEETD 5250 0358
DETL 087 0aEvE BTG 1585 OPSET D09T | 04TE EERT DIZ'BEL L2901 PIST nage
O6Z'T TIET 0096 BLE'SH ] DZSET DES'DT | DOTE ZHLT  DLLSET  SOTRT TEWD e
DETT B|IE L 856 LoFar s DO5ST DecoT | IEE TIET 9Bl TLLFD Z6Y'D 0768
DETT LT 03zre BP9 mrs oavsT orsor § 0BTZ EEET O0OO0PQET  OITST  TBYD DOGE
oI BRLT ORI oo TEVS D9t'ET 0ZSOT | BETT TI9T  OPEZZ] E2RST 0990 DagE
ST PRLT 06506 OG0 655’9 oSt nocoT | DETE L5067  DEORIT  OL&4T 1880 nage
T 9LLT 6506 F0LTE 9T DEYFET 0BFOT | 02T SZET  D9FLID TLLGT ZEYD IR
ey SRET 365706 1EE'ET g COYST DeFoT | gorE SL4T  DEEOTD  REFLT  ZEYD OZHE
09T 60T DIFTE BEETS LS9 DEEET OFp0T | OB0T L0FT  DEOCGIT  GEVLT  T0SD 00dE
OEL'T 208y OLE'TE BLEES 8L D9EET 0zZFDT | OTT EIST  DEZ9TD ELL4T  WESD nace
L1108 BLET 06506 BOEWE reia OPEST DOWOT | DETE PELT  OETSIT  EBEUT EE5D 09LB
DEL'E BT DEG'DE bkl £rrg DZEST DEEDT | DOCF SEET  DECOTL  ERFLT 555D opie
0Ezy [l &G 08 TEETH 2519 DOEST DSEGT | 0ErE TLLT  OTOSIT  O6EET ZISD OZLR
0o 92l DLTER FLSEY ELDS D87°ET OFE'DT | ORTT ESLT  DBLEIT  ZIDEL  TISD DOLE
oeLT Tesy 00364 SEEHY IDE'S 09°eT OFEDT | 0ROT PELT  OLRETT  BOLYT ¢SO negg
L1 [ 8 EELT marid L05°8F s OPTET DOEOT i i
otey GRLT {117 1GE LT 0o5's OZZst 0BT L
e fa-Tar 0gE8L EELSY B3 DOTET [L=ra i)
0T BRET OFF 08 SEESE 91c'g METET OFE0T
DEQT E5LT DLTER EELTY [00L 0916t OZT oL
oIrE QELT BLTER GSE T £9T°L vTET oozt
i s TELT oEg 08 BPEEE 0oL DETST DETOT
0er'e meLT DRERL BYE'GE e DOTST 09T'0T
oorT LELT QELwL T6ISE BSED 0E0ST OFL'0T
0T PELT OZLL GEEEE LT D90rsT 0zrol
OGET BELT 0ZL'vL 9HTE SOES OPrsT 00LDT
058z 95LT D5 DLOtrE EOT3 OTST DBO'DT
DE0T 30T DOWFE"RY TLFVE ¥eT9 DOOET 08007
DED'T BRET QLT99 EBRSE COF'S 02ERT OFQOT
0907 [ -Tar s 01579 FOR'SE 995 D9 kT 0ZooT
0607 FSLT oLone o70'SE TIE'S [l s 0DoDT
L[ 576 4-tard DEFLS BLKTE 29T'S OZEPT 085 6
0T EELT DEF L5 YEOVE BET'S Ly as 0596 6
DIT'E B5LT DEF'LS SFLEE BEES 08FFL oG
DEDT TRET DEFLS SFLTE T5S D9%°FT 0TEG
050 TRLT DIF9S DGEE'0E 5SS vERT 0056

| 030 BELT D95 ES PEOOE HIES OZH L 0856

sasfun | Lppeag | egd | egy [ edw [ maw | peel
TuEREA | PUl | MNd | TH | d¥ [ 1oad queneA [ pul | Nd | TH | a8 | odg fruenep] pul | ONd | T8 [ du | iodg Jzuesep | cpur | wNd | W | dY | Joid
EJ[RURZ 4 '|0a0°40 iameaLLEdS 0 i@ndasa uaizedissig U UYSP [P 00'L I B CUY 4 ORE3S 3 07 'T:040431d EI0Z/E0/TE =120
EROPUDTW|R20°I0 10L0IRIOGET (BRI SIS - NITTdD-TO siuadowa] teanuss sjund Id P 7 3 Bp|E) ENPLOIC.] {wul Apsuu=y sjezzeigialaee))
woafladg oju - Jroafiadammm W OE'0E seaunE8e) eunssEW BYPLOJOL] £ NLdD5 esmd gl BULIBARY P SUNLLEOT TB3UagILLOT)
FS2IELRY O - DETEY 2'DiEuBiBie jj@p B B -
g S € NLdOS ) .
TEp E}NARsa BAOUY

LTOZ/OT/TE 19P SOT/P¥SC8T "N "O°D Ip eldql|s@ uod OL1v10dy

T2S921/2€S0 "XB) T209ZF/2€S0 19} (3d) 8sareliad 0y 0E0rY ¢ ‘oreuelfiiy |2 BIA |'1'S 096iad




148! ©9|U23)089) 3 ©2IB0j09D BUOIZE||SPOIA Ip BuoIZe|BY — (YY) BUUSARY Ip Sunwo) [su ‘Apauusy "o "¢ ezzeld Ip eansiueqgin suoizeaylienbl ejjsp suoizenaboud eje syonnspadoid ayonsoubosb uibepul 1p ojuswels|dss 1ad LioAeT]

080g 1972 OFE'69 EEDAOT  9SWEl  OOLEZ QEDE vOLE Haes I9TEIL  SEL' 09072 | D60T ERLE
BETE BT BLTsg TBKFIIT  BPR'ED O089ED 0HE'T E0LT QL0999 LZEEIL  299'vi  OpOCC | 0907 63LT
080T meY QELEF LETETT  OSOET  D99ED GTE'T SHLT DbEol  TELOTIT O SSSWT  OZOET | DIOE  LLET
oErE BT oL GESIT  BBSET  OPIET 0zre BELT OpT'BE  S965'ECT  BSSTI  DOOEE | OLD°E  O9L°T
oI L DES' LS EEEELT ZLPET  OIOET 56T TLT OIFT6  BAESTT  GOZYT  0861C | 060Z TLLT
060'T d9EE 0TS TOSTIT  LEEET  O09ED 00T LPLT OLEER  EIRSIT  BETPT  D96TIC | DZOT  SSLT
LT ST ORO0'GY DISOIT  BOEEl  085EZ BLDT 9ELT QeS8 GRVELT  TLOWI  OPEIZ | 0SOT  WRLT
0s1L L59E 00T v EDPLOT BAVEL D95 EZ ovoE iVLE DILSE  EEE'GOT  SPI'PT  DERTIC | OEDE  WSLZ
0T ST QES O GETEDT  OTLET OGS ET DEDT ESLT DTSSR SSTLOT  LETPD OOGTZ | 0407 9ELT
0T 9 OTE'GE EDE'ER OEDPT  OISET 56T L OLLcR  OEC'POT  EET'PT  DBETIE | 0O90°F  GELT
QLT S9EE osLTr SET'96 BOZPT  OOSEC DER'T BELT DEGEE  OWDEDT  S0OPT  D98'1C | DIOE  TELE
QLY 5987 0eTE L9FER ISTFT 08P ED BT AT DHLTD STESDT PDS'EL OWETIE | RO SELT
01T LiFE OES O SIETE EFEPT  DIVEZ 0T S8LF DIDPOT  TLOBIT  WESET  OZRIZ | 0861 LWL
DEIT 9T QLEIE TOTER BREET  OPPET mry Tei? OSCS0T  ETWHIT  BOTEl  00STIZ | OWOT  EZLT
QLOE LLRE 02408 TITi6 IEUET.  OEWED Tz EBLE  OE0POT  BLOOET  E9TEl DORLTC | 0961  OELE
0oT'T LT G29PT LEETE BEPTI  DOVED OET'D IBLT  OIEB0F  BLDTFT PEOCET  DOLIE | 0861  EELT
0oT'E TLFE BESHE LREDE L907TT  OBEEZ QLTE 087  DETOLIL  GEDBIT LO0El OWTZ | 0RO I
0oTE ORF'Z DL9EE TEE06 CHE'IT D9EEZ Ty ERLE  DETIZD  90E9IT  EBRTI  OTLIZ | OWOE  ZRLT
0T LBFE ORLHE o TE BILTL OPEEL 08Tz LBLTE QEVIZT  LIVWLTT  BERZT  OOLIE | OS0F  1EL7
e D6Y'E OFESE 1SV 06 DEBTI  OEEEE MTZ EGLT DOG'GIT  T2ESTT  BBOEY  D8971C | 087 LWLT
0Roy D6H'L 006 FE LITER SIETL  (OO0EET 060°L 98,FZ OOBBIL TESPIT ZGIEL 0991Z | 0861 63LT
OE0E BT OVE'SE T95'E6 09T 0ATEZ s o908F DZTEZL  DIETIT  LOLEl DP9TZ | OS6L  ®OL'T
0s0E BREEL OLEEE LTV BESTL  DATED oIrT LLLE [ASEZT  GREYSOT  SOIWE R9IC | 000F 954
0067 6y ORE'SL BEV6E PEO'ZT  OPTEL (1 0027 DOOC9YT ERPSIOT Z9RPT  DO9IZ | D6RT  BILT
DEUL 98T DES Gt 0916 DBITL  OLTET OfET Z02¥  OFPGED  BOIZOT EDEVT OBSIC | 00OC O94°T
CRE'E ! X

B T S T 4 v ) S A VT N AN 1170 S O 3 N T 0T T 14 1| S AR 1 1| G T
ETE L56T 0T 07 FOTLL PER'ET nagve 0ooe £89°7 OEWFE SeESL BEYDT DODEZ | 0SOT 96T
[ L4 O T6T ELLSE FIFGT O¥ae a0z o7 DGE"TE a0sEL PEY'OT DRECT | OSSO  ADET
oz 96T DLLTSE BOT9L EDFRT 0zare WOT BT 940 0S&E3  ZOWDT D96EZ | OI0F 96LT
oorg 96T OTZ WS TIT &L SEEHL 009y orad o= OTE'RE BLTSS BETOT (EEC | OG0T LLLT
L1 167 D99°CHT RERL ETZHI 08sre DEET 8T DLE'EY 0565 0e®'6 OI6TT | OSOE  98LT
DLOE e DLOVEE GEGTL LPELT 095w oIez AT DGE L9 L5005 e D06EZ | OPOT  BRLTE
1300 916¢ DTEETT BEGTL L1297 orsee 0561 2887 DLTER VY pOo0'E  DRETEE | O6ET I6LT
[Hrdi e 916Z D9T'ERT 099 ELR'ST 0I5we 0oy 87 OT0'STT  PGISE SIS® 098722 | DE0E  OLLE
LT 9I6E EYELT BCE0D HOEST LI v 2887 OIFSTE  TOOEE {908  OPEIC | DI0C  VOLE
[ BIGT DLEEST HAT'RS TOEFT 0gvret 0e1T BOGT OEL'ED GSTEE 'L DIRET | 0661 §9LT
070'Z PEET DpsSpl  PTO9S  CAEPT  09wRE | DETZ IZIGE  OIST9  IBETE T&L9  DOEEC | DOOE  WOLE
o505 ey 0S5PET LPEDE CEQOPL ope're bz LERT OTETaY  TiTEy SEE'S  0BLEZ | OEOE  ISLE
0507 HFE DELETT  pI909  OZ0FT o0owwE | o052 9687 CLKESS WOy SREOT 094VC | 0E0T 95LE
0507 [h: OWTEG  0ECTL  TeUED  omewE | oici L6977  DEDTSS  LEGTIS WP ORLEE | DOET  ISLE
OE0'E ET 0DE 96 EBEYY  DOSTT  DEEW | oof% LBSE  OBVOTS  BLTTL  SEOT  OZLEC | DGOT  S5LT
0107 BLFE DYEOBE  Q09LL IE0E  09EwZ | osIZ €697 DOT'SES EZL4L SBOT  OOLEZ | 066T  mRLE
050°E WET DIZBPE  GESGE (06T O¥EWI | OG0T 6 DOEROS  LLTPE WOT  OE9EC | OL6T  ISLT
0E0'T 8z 086 4pT  TRDYE £891  OZEWE | OMTZ  S89%  OSPO4S  LTLEE ECOT 099 | 0S0T  BSET
60T SEET 05L°EST TRTOS LECE DOEPT | OWTT ¥69F OFBCIE BEESOT  SOET  OP9EC | DS6T  6SLT
65T PR 0SS PET S09TR 8967  08ZWT | MIZ OESE  DOPELD  TEZEOT  II9T  OZ9FC | D0OF  ESEE
oFO'T L DERSET  ERE'ST LI9E  D9TPE | O9TE G98F  OvEES.  90ves  CITE  OO9EC | 0861 6T
080T ;FT DPE 16T SERLT YETP  OVEWE | 091T 8T 08CEL pIMRS GBS O8GEC | DE6T  95LT
0F0°L FEHT DEOGOL  TOT'OE 9y OfEwi | o81g SBE?  OLU99  STSER  SLUE D9SEC | OI0T  EAET
0ITT I OI0ELS  SRETE LELZ 00Z0T | D6TT 8T 090T¢L  TSLER 8T OPSEC | D90T  b9LE
o1tE STHE OZEQLy 20908 BLET  DETWE | 0912 £997  OEe'08  99%ER  {5HT  OISEC | OIOT OMLE
oTo'T BBLT DOGOPE  SZLOE 950 09T RE | DEOE D58  DB9LOE  (ES0® Te6L OOSEC | DIOE  ELLT
OFQE 6082 DOV BEE  BOTSE oSwT  OFEEE | 00T Ov8Z  DLSTIT  DOTSL. 606 OSVEZ | D96 T TLLE
o0 e 0/90SE  EOSER yedT OTLRE | MO VST OTEROT  TLLWE  GLRS 09VEZ | OWOEL  BSLT
[ fat DGTTI8E  ORZYS ETZ - DOTwE | 0807 oyEZ  OLFO0T  899EL  8ST6  OWPTC | DETT  66LT
OE0'E STHE 0/9°05E  ELTT9 MLT pgow? | OELZ w87 O0GE6  T95EL  9ER6  OZPEC | DOTT  9ELT
000 SHT 0SEEEE  9EE'ST T 090WE | 0s0E MT8T 09TW6  BECHL  SOTIT  OOWEC | DLTT  BELT
0TvE 8182 DOTBEL  SERTL TP oeOve | oiow BGLE  OIBT6  889BL  91ST1 OSEEC | OELE WAL
0H0'Z 58T DI9ETLE  SO0OEL  LITT  OZOWE | oL0% I8LE  09CPG.  DRYGL  LOEEl 09 EC | OELE  9LT
oIT oy DLPTIZ 9TTIEL DYET morl | T BLLE DSUBE 65098 SISET DRECC | DOTT  TEEE
QEoe 58T [ od 3 T6L791T BLLT O3E'ET T wELT 06506 B0LRE PYSET  OZECC | 06T  IBET
0507 [ OZGL6  ASKWOI  D6TE  096EZ | 090% ¥90C 0096 HEGTOT B9SEl OOEEC | O9LC BELE
Q1T Lo 069701 GEE'ES BETE MEED 066'T T6LT ML BIT0T  LS9ET  OREET | QLT IHT
000'Z ESHT D39BIT  YGETE  Si&6v  OIGEZ | OEOT B5.T.  OvEEY  IZ9'80T  LEL'V 09reC | QuoE  PALE
06T B55T DLSEET BEFLL LITE 00a"EZ oz W DLTER IGCEIT  BEZVI OWEZ'EZ | DEDT  Q&LT
01T BSET [ 11E%E6R BEFDT 09g'ET 00T LT D9ELL  SSBUTT 9pSWT DEREL | OITE  IBLE
12080 19T QLEsH SEIRG 9 TL OFEET o6& T LT O00S'EL  ZSLETT 94991 DORTZ | D2TE QAL
LT FHET OEE' 38 E6G 00T IBOET OT2'ED OIg'T BT O¥6SL  PESOCT  ESLYI  OBTCE | OG0T 9ELT
05T IRE DB ¥ E55°EOT TOF'TL DOREZ QLo LELE |ikd  TIEQIT  BPEPT  DSTET | OOCE 9&LT
O6T'T Lt 0507 £55°50T LEPTT DL 0H07 0TLT Ofiwsi SIESIT  FEGPT  DFTEZ | DGO WOLT

B B R A

QUTT  e9L7 DOSEL TIZHOL  (9FEL OX46T
QarT TELT DEERL  GPSEOT  BEORT  DOLHT
0erT  TeT DEG'9Y 999901 SOTWT  OR9GI
QELE  THT DES06  TELBOT  PSEPT  D2OEL
o0IT 08T DES'06  EPLTIE  £9v°PT  OPDGT
ORTZT 2942 DEE'D6  SSTEIL  PESPL 0061
09t . ENT DIETE  #OLOTT  T99°PT  O0O%T
os0T  9§L7 DETDE  OEWOTL  6ILPT  ORSET
Q07T PSLT DSTEE  IBEWEL  LEHPD (9561
ORLT  ESLE DEFPE  SLTETT  WEEPT  OMSST
OLLZ  GCLT  OLZER  TISEEL  BIDSI OISeL
QT ORLT DEOTE  ESEOIT TSE'ST DOSBT
0517 TELT DBTA4L 9SLST (995D OBREL
00LT  PECT  ORESL EIEELL  L609T  Q9FGI
OELE  EELT  OBESL  SOTTEL  ®EKOL  OPFEL
QLTZ  WELT  OZLPL  DELSIT 99991 OZOT6L
00UT  GELY  OBZTL  EL9TIT SREOL . OOFED
OG0T  OECT  OVEES  I6L90T  SETIL OREGD
0907 EIL7 DET99  OPTEDL  THTLT  O9EGD
Op07T  ELLT 0L002  WIZIOL 69691 OPESD
007 LIL7  OECES  LLWEG  TIB9T  OZEGT
OGIT STLC 0BT 9SE e BIL9T OOESI
007 OvLT QLTSS EBVER  TEPST  OREHL
Qi0T ?5L7  DE9YS  ESL9Y SELST 09D
00T TZLT DREES TEGIR EEOST  OFE6L
00IT OELT  DEETF  LSTRL PSEMT OZED
0607 9507  OW9'9F  LSTRL  9S6EL  00ZEL
OWE  BELT OBLSS  BEEE3  SBLET ORLBT
oPDT  OPLT  DSEES IGEBY  9POEL  (OT6L

ARBRES ; :

QEOT  TELT  DERSY  PRATS  TIRY 5T

T DSENe TIMOS 69LL 91
ML ] : 0 ‘51

7 OsE99  BETOE 096 g1
0667 LPLT  OBOSY  IIKSS  OZIB  OBLSI
0E0Z  09L7  DOE®Y  TIMI® WM OUAET
0007 EELZ  DSLO9  BEZI9 SO OweEl
0507 fEL7  DEZT9  QELT9 LLLR OZAED
0197 vSL7  OLETY  BSGOL  BYOR DOLRT
0617 9LL7 DEWSY ORMDS  GZOR  OB9WI
0917 WL DETE®  LOFEE  9IZW 099%T
OEC?  EELZ  DLET9 WEWER 09T OMOST
0T 95L7  DSH9e  BMOSL  ZELD  029El
0EZ7  S5L7  OBURY  [SOWL  LEWS  009ST
0Zr7  T9L?  DEWSY L1998  BZE9  ORGWI
0STZ  §9L7  DBUES  LT9UOL  GSE®  09EET
OG0T WRLT  DSE09 MSTTIT EOWL  OFGED
0Oz 95L7  DAESY  TEZWOT  yELL  02ZEET
0077 T5LT DRYTS GBIVG  [96(  OOGWT
OZI'Z  vhl?  DBET9  BSEZIY  HO0R  OEWEI
OBL'T  ESET OLT99 LOEWL ONOE OO ET
0STT BILT  DLT99  EEPIL  LZEE OWpEl

oLl T sz DEETS FOETL LR DEIwEl

| d¥ | oug 7uenen | pul |

aueren| ol | Nd [ 7d | dd [ uodd

OrPrE  I0LT
0Z0T  TH9T
OBET O0LT
NLLE ELST
OSTE 2997
OITT 8997
P07 L997
LA
OB E99E
OIOT 080T
0807 BR9L
opoT  TLST
DEDT 8999C
NLOE ST
OITE 069
OEDE  DOLT
Qr0T B9
D6ET EH9T
QETTE  W9T
DZEE ST
DETT  OILT
DETT  BWT
ORTT  TISLT
DETT  BWT
i Tar - M
OETT 1T
Qi DSLT
OELT SLLT
DE0T LT
DETE 9B T
NETT  BLLT
QETT IHT
OSTT T
D0ETT PAUT
LTE  THT
LT 18T
DBT'T BSRLT
OSTTE 65LT
OSTT  WRLT
DITE 6SLT
OBOT  PSLT
O8T'E 9%
DITE  ERT
oorE 15T
WIT 65T
WTET 85T
OITZ  LWT
DITE  EWT
0B0E  WRLT
DEOT BLLT
0T PT
OBOE  LbLT
DOOF  ERLE
OITE OEFT
0917 9087
0517 EHE
OIIZT 6T
QEDT  VIEZ
OPOE  GBLT
D50 OEET
080T PINE
OBOE TIEL
QEDT OFFZ
00T WIEL
DOTE  SENE
0ZTT TP¥T
DEDE  TERE
0107  GOFT
0ID'E EE¥L
OEV'T TEET
onrT  OERET
O6TT SOBT
oFiT  BIET
ruenep| ol |

Nd [ e | duw [ ioag

Ejj2uez "4 ‘ja25u0 iaoEjuRiupEds
EROPUCT W [0S0 10 TRHOGRIDGET 3P 4T
1roadiad @ ojus - rosdiad-mam
BSRENES 0F - 0ETIY ToeuriEnle jap e
yigosdng

‘Ep R)ndasa eaoid

€ N1LdOS

0 i3ynsasa iuoizedissig u
WIS - NIT1dD-T9 Ewadouaa) Teaws:s ejung
W5 OD'DE teIunFEe L USSR BUpLO)0LY

Y5 I DO'F I B DUl + DAEIS I DT 1000344
T EP T W TERIE) BRpUSoLd
£ N1d25 ‘eanid )

EI0Z/EQ/TE eie0)
{wH) Apsuusy s|szzelgiaiapuey
BULaARY _ﬂ MEHEEU uUuCNuH.HEEn_U

e

T2S921/2€S0 "XB) T209ZF/2€S0 19} (3d) 8sareliad 0y 0E0rY ¢ ‘oreuelfiiy |2 BIA |'1'S 096iad

LTOZ/OT/TE 19P SOT/P¥SC8T "N "O°D Ip eldql|s@ uod OL1v10dy




ST ©9|U23)089) 3 ©2IB0j09D BUOIZE||SPOIA Ip BuoIZe|BY — (YY) BUUSARY Ip Sunwo) [su ‘Apauusy "o "¢ ezzeld Ip eansiueqgin suoizeaylienbl ejjsp suoizenaboud eje syonnspadoid ayonsoubosb uibepul 1p ojuswels|dss 1ad LioAeT]

DEJZ  GOFE 08LT9r OEERY {997 0096Z | DECZ  SECE OVSLIS  BIODSS DELT 00647 | OS0F £LOE DOERSY  GRSEE BIET DOEST
DLOT  DIFE  OETESP  EOSTY BRI  0BSNI | OIEZ GITE o.m«..mam L5775 BLLT 0642 | OITE  £L0E DOLPS9  OLLST FERT L9

Os0°E __"n,mm DiTenr  BSTO9 ISET  Ovwel | 09T V6TE O@m mam STO'BE GI0E OFLLT | 090 BLOE OISW0S  DSEIE FAL'T orTa
DEET O20VSEE 16009 9l  OIweZ | 09T OITE OIB0SS Um.w..mm aToT D8L°4E | 0EOT  IBOE  DOISRY  OST'ZE OfTT 0rT9T

OSET  LVEE  OGTTBE  0LTES  PSET ORONEZ | DSOT  GATE OEOOET SETES F5EY DBETLT o_dn_m BHIE  D99EKT VELEL EEFT LSt

QETZ  ELEE  OED'SZE  £9FES BT OTOST | 000  LLUE OBEOES  WOG'ER GEL'E 03T | OSTZ  VBOE. DTZWSE  IBEEL SRFT OTLST
0917 §REE  OTO9EE 0699  IZLT  OOONGE | OYOZ  WTE  OO9ZES  LEDWR PERT OvEdd | 091 T0TE: 085132 O9TEL Aoy 0OL'ST
OITZ 99EE  095FPE  EZOL9  OTLT  OBERI) 0ITE  LITE OALTLE  ROBTV FIET DIELT | OF1'T  GEO'E DIEDSE  WEE'L9 BEST DR'ST
00ZT  PLEE  095¥FE  Z1693  Gv9T 099N | OITZ GLTE OREESY  SLSUv ELTE 00EdZ | 05TE DROE DBOOLZ  ROLTS ors (£ T
DEIZ BIEE OOSECE TOELY SRS OpERT | OZTZ  GSTE OGSLIF SESOV SYLET DECLT | DRTE  EBUE OTSEBZ  LLEDRS 4197 OFEST
09TT  SEE  (EEZRE  EC099 991 (OZhMI| 0807 ISTE OMGBLE  DETER GLRT 09T | 05T LOTE DYOPIE  EEDDS BT DEST
QLTZ  LSEE OQITESE EZOP9 (99T OO06SZ| OI0Z OSLE OQEERSE  IvT LR SLGT ML | 0TI ECTE OZ6RLE  SETWY 9591 DOYST
0507 DIEE 099096 PETED  [99T O8¥EZ | 0L0C GPTE OSC9ZE SKTEp BLGT 027¢z | OITZ ZFTE D9S7Z8  TZ0%E L 0RE5T
D907 D9EE  096B9E  WETE9 LS9 09w | 0S0Y  OSTE OV9M9Z  EIDLS 60T 00T 4z | OBOT  ECTE DOYERE  TSESE ZE9T LT
DETZ 756% MEELE  9SEEY 5291  OPERZ | 090  pSTE OMPERE L9P09 E5TT 0914 | 00 EETE OZLETF  ZOGPE 65T ore'st
091T  9EEE  OSLBLE  WETD9  [SOT  OZ¥EZ | 0507 OvTE CORLBIZ L2049 BIEE 09T ¢z | 0212 BETE OSTSEY  EBLEE BT 0Zest
0BT TPEE  DLTEOF L2073 9T9T  OOEEI ) DNOE BPTE QEP LD ERS DL LEVE OpTET | 0B0Z  EETE OT2RIP  IILEE IhE'T 0OS5E
OSTZ IpEE  DEL00F GYZEd  weo 1 OBLRZ ) OS¢ OvTE OLTBST  BLPTL Braz 0ZT¢Z | 0B0Z ZETE OBOEEY  BIZTE BEE'T ORFST
DETZ ®5E€  D9GDGE  TAM9  TIPST  DOLBIY DITZ  GETE OISEO0L  IS79L TIDE 0OT4T | 080T TETE DOESHP  WOLIE LSET 05ST
DITT  EEEE  DBTIBE  'OIES®  TEST Op9ZY DOTE  ZETE D97 RE  BOE08 T89°E 0BGLT | DOTT  EZTE  DITESy  [TE6E BRET LTS
OLTE  STEE OSLBLE  BEIDE 7951 OZLBZ| D90  BELE O9EDOT  OSTOOT EDS Y 090NLT | OO0  EETE 0S9LLy  SPSET BRE'T DEFST
OSTE  TPEE  OSLBLE  BOEOL 55T DOCRT Y DEET  VITE OHLPIT  LTEULOT (4193 ODVNEZ | 0607 PETE. DISTERY  LEG'ET FIET LTS
OFTZ  PEEE  OBDSLE  LSETL 5551  OB9RZ | DOOZ IVTE O6OBSE  ZLENIT GBIy OZ0LT | O66E  EZTE DMESEY  LIB'LT OTET OFEST
DBOZ  9EEE  C09L9E LSTEL 55T 0999 | D66T MITE OLETDIE GSRSNII  9LLE 0OOET | 090 LOT'E  OSOYT6Y TTELT g5Ex OSE'ST
0807  BLEE  DBEESE  BEOSL 9551 09I | DSOE YEITE OEESOT  GED'STL FAT'E DE6'ST | OV EOTE OIVIRP  LDEST 0ET OrE'ST
DETZ SIEE OVE'EVE  BEDSL L51 0T9BT| OL6T  VITE OPERE SESBOT TOTE 0969Z | DEO'Z  I0T'E D99°GEEP  BIW'ST BEL'T DEE'ST

o0s1T Nmﬂ..m MRYGEE  GEO'SL OZ3T  O09'E7 | DOED 20TE o_m.n..m._.n BEDOTT 0SWE 08z | OT0F  BAOE  OBOCTEY LOEVT BFLT DOE'ST

OETZ  TEWE  O0O09ZT EVOWS  SESY  ODOOE | OROZ  MAZE  DOZOLE  ESOOR T 09eWZl DZT¥  ISOE OBLI9Y  ED9SS OVEE OOLSZ | O30Z  L90E DSLTPE ERLSTT O BASE OSOSE

‘T DpESIY 08T7 HSOE ORL68E  I6WES EELE 08997 | OETY  6S0F OBGOTIE SOOLET  OERE  OMOST
OBLZ GEFE OIEBOT  B6SWY  EESE 0966E | DEIT  GLTE  OIVESE BT ‘T OZE¥Z | 09T  L90E OSEZEE  ED9BS LI0E 09997 | DOTT  WOE OSYILT  AVEEST  WSES  9OST
mie OFT66  vSEEY  BGEE Owh6Z | OTTZ GLCE  COGCRGE IBTEL  S98T OOEBZ| D9IE  6I0E OSOEDE  BSTES  9PEE OVOZ | 0507 T90'E C(E9B9T  SEZSKT SKOB 0OOST
OSTE yEVE ODS®L V0TS ELEE OZ6REZ | OEOT SSCE  OVELIr GWETL  L06T OMZEZ ) ODITE  990E (OOETLZ  69EBS  OSL'E 07907 | 0Pl 690% O¥EIET TALLIET  990TL  OREVE
50T ..n.. m (199 MEYS  O009F  OD6GE | OPOZ ESTE OLLEZF  9wLSL  BLBT  O9THI | OTIE  ESOE OWPWRE  OBEBI  (SBE D099% | OS6T GSOE OIGELZ  WEYEET IL6E 096D
0802 OSUTE (YOS 0SB0 OBEST | OSOC  1SCE  009'9IF SE9WL  (SET OPZSI{ 080C ESOE OBLOWD  BSITC E96T 08997 | 0OOT IS0E O9UGEL  TGLEIT OETE  OMGVE
81T N:A 06506 16FE9  TI9  0986¢ | DEOT  EWCE  0970Zr  BLOPRL  WET OZZNC | DElZ  IS0E ORUBYE SER03 668E  0999Z | OWOZ GEOE DOLTOf SEZEIOL BESE  OEGWE
o607 BYyE OIGA6  ED9ER 9By OpEe | DSOT  SPCE  OWEOER  PBI9L  SvET  DOCEC | 0ZTZ DSUE OGEVEE  BSTIS C8LT  OFG9Z | OL¥E  LVOE OIT9CE  AVESG  ESTIL  DOGVE
0607 OFF'E  0SES0T STHEE 2Ly DTHET | V0T EWTE  DSVEVR  EBDLL AT 08T87 | 0600C 930°E  OWO'BIV ESTEW REST 0259 | D6TC BEOE OIL 06T DESEIL LSBT DT
QITZ OvpE OOETLE  ED998  TOTY  ODEGE | OEOZ  TWZE OpZZvr  OZvAL  TERT  09USZ | 0IIZ  B90E OEYiSy SEREY  wiv? 00997 | 091% BIDE OSYDOZ BLEEIT  VBLVD  0SRYE
WrE TRFE 0SER0S 68TV I65E OBLGE | OROZ  OFZE  OTGPEF  SOR'BL T88T  OpTRZ ) OTTT  (SOE 029015 16KDF FIET o#FeZ | 0TTZ TIOE. OWTSIE ITZ5IT ETSL [l
OITZ BvPE  OWOREBr 69799 9BTE OOLGT | DOTZ  TICE OZGPEr  WSOLL  DLWT  OIDWZ | DITE  9L0E OEST8Y  B9TEE EIVT D99 | OTTE BEGT OWTICZ  GEWATIL  SSS9T  OIEWT
O05TZ  ATWE  OSWPSP  BSTT9 599T  OLSE | DLOT  EICE  O9TOIF  GOESL  G6VET  OOURZ| OTTZ  G90E OvoZéh  EO¥OF  GEET  OVFSZ | D6TZ  WOD'E ODEBIZ  TRESIT  SITUT  OOEWT
00T TEFE  DES TR BST'65 BLET DEZLET | OROT  EITE  DE9'SOF  ERSIL 06T D0BOBZ | DLOT 9EE OGEMOF  B3IOW LG D2¢SZ | OLTE  BOOE OWTSIZ  TSWELT BLLT  ORLVT
QL0T  PEFE  DGIBGE BUES BOIT  OQURT | OTOT  SOTE  09TOEF  S9EER PI6'T  D90BT | 04O 990E QUS99E  9EGLY 2997 poreg | 060E EODE. 09922 BITSOT BIFRT  O9LRT
080’'E  ¥EVE  OWL'GRE 55295 BOIT ORYGEZ | DIOZT  VETE OBYEEr BSESY 6857 OpORZ Y 0BOE DI0E OER'ISE VSIEY ETRT 08692 | 0T BLET DETELD LOFHE EZORT  OFEYT
bz LIFE  DOVERE CRE'DS SZET  DRYET | DEOZ EITE  OETESP 50ETI T OZOBT Y O06CT  TEOE o.wﬂhmm DTLTY £86'T D9EST | DETE TLET 09 TTE  WEDE BLTHT  OTLVT

: f iz f 190°E ¥ - 8 : g 4

uenep| pul | Nd | 78 | dd [ iodd fruesea| pui | Nd | T8 [ dd [ woud fuenen] pup | Nd [ 8 | ad | Joid
B||aUEg 4 |00 10 BIogEuELLadS 0:ayndas2 woedisiq U ysdp Ip 00"/ W B.0UY » DABIS JUI (7 T0I04304 ETOZ/ED/TT F1Eq
EROPUOY W 0357 J (0N mBIagE] [BRg |WSIS - NIZTdD-TO Blusdouda) 1ewes eping "t B T W TBpIE) ERpUDOIY (WH) Apauuay ajezze|galapuey)
woaiiad@ oju) - 3 oadsad Mmem W Op'0E TeyeniFEe BUISSEL BHpUOJ0lY £ NLADS J=Andg 0| EUUSARY [P UMLLIOT [33Uagung)

SEHELAL OY - DETHE T'0IeuR)3e jj3p eln B : .. € - E :
hdgeny . £ oS o
‘ep eyndasa eaold

T2S921/2€S0 "XB) T209ZF/2€S0 19} (3d) 8sareliad 0y 0E0rY ¢ ‘oreuelfiiy |2 BIA |'1'S 096iad
LTOZ/OT/TE 19P SOT/P¥SC8T "N "O°D Ip eldql|s@ uod OL1v10dy




911 ©2]U29]099) 3 BIIH0|08D BUOIZE||IBPOA Ip BuoIZe|aY — (YY) euuae o Ip sunwo D [8u ‘Apauusy| ‘A ‘[ ezzeld Ip eansiueqin auoizealienbu ejjap auoizensboid ejre ayannapadoid syonsouboabh juibepul Ip ojuswels|dss Jad Lore

o
a

|
-

I | |
IIIIIIIIIIIII

(7 B
L ]

jié%
L
EEE T
L]
e

i

|

|
P

T

|
" a 8 & & R =

==
o IR e
L|I¢+ TTH

+ i
!

il
i
TIE

[ 81
B e
| | il _|_l

3] P
ey | e mE e m

| COITTEBm:
|[L%WWTG

|
5
&
4
[
[
F
I
|
- O G

Y 5 ) P Y 0 1 0 U 1 o o

5 T 1
e s e B s e o
e
i
THOTTIIT
| T T |
R
L P
| |
]
]
]
1_
]

| |
|
e B AN ’
| | | | -
|| ey | | P T R .
L __L__L L | | i
e L I T il [T3]. | N EO I T, @
|II"III _.'Ilhlll 5 = — 5 5 5 — —F g 3
| | | |
N v OO TR N N :
| | |
i n e e A || == | PR m
s il e i 15150 :
| | | | 1
m— e _III_IMN.’.Iluﬂ = ri _ —Ht — —11 [ e e L
| ad | | ] HEN | |
} } } 0 L ko ; . ; olf| ——F——— — o [
00T 00F OO0 T ] 8 o 3 £ z T o ol 6 B £ 9 § v E T T O D&Y D&E o06¢ 06T 06 at- D5T OFT MET DOT OR 09 OF OF O o7 )
[aasfw) sp (395 fiw] Suoenauad | EI0[FA {uJouoEeUU () BfERpsEIL) BU0|5530d - Nd (edM) 3jes218] ETUSI5H - TH [Bait) BN B)jE ETU=IS|SEY - dH
E N1dD5 ¥ADHd m._uféw
E[JAUET 4 J035) 50 [SI0IEINSLES 0 ayndass woEed|ssig u YsAp Ip 0O'F W £ oul + OARIS LU OZ Tolapady £10Z/ED/TT Bieg
EYOPUOY P I0AD 4] (OLDIEIOGET BP0 |IASIS - NIZT]dD-TD BIUA0DUISE (EIILISIS BTN ‘od Bp 7 W RpiEj B1PUGIOIY () Apauuay ajerzelgialanuEe))
osfad@ opul - yoadiad mamm U O'0E (BN TIES BLISSEL BPPLO40IS £ NL4IS (BA0id Q) EUUSARY | BUNLI0T {3JUaKHLLILIOD)

3salelag 0y - DET bl T OIBURISIE 3P BIA m” D-—-ﬁ ow

O R
. = iR = Y
“Bp BynEaca BA0ld i G S B i

g nadmd

T2S921/2€S0 "XB) T209ZF/2€S0 19} (3d) 8sareliad 0y 0E0rY ¢ ‘oreuelfiiy |2 BIA |'1'S 096iad
LTOZ/OT/TE 19P SOT/P¥SC8T "N "O°D Ip eldql|s@ uod OL1v10dy




L11 ©9|U23)089) 3 ©2IB0j09D BUOIZE||SPOIA Ip BuoIZe|BY — (YY) BUUSARY Ip Sunwo) [su ‘Apauusy "o "¢ ezzeld Ip eansiueqgin suoizeaylienbl ejjsp suoizenaboud eje syonnspadoid ayonsoubosb uibepul 1p ojuswels|dss 1ad LioAeT]

W 5 [BU0FEAT[T
MLEETTT SBupniEum
LD9B9TH Y (RuIpmIRE
sayayesfoad meupiao]

ANEAD OPTME 00 Mok UsMop P ewsgs — T RNy

{13 - @17 - 27) opany juBo sad sp jsp|

79 S B psiosad [#U DUORS (3R BIDOIRA 157

eypuoyosd gjje afenaund sp -1 Pa § B4 osi0uEd [BU OUDRS [SP BYDO[EA 1dSA
5 B Epun jEp oalue p odws ) odum)

1) 2E1ssELn. cuopoal - § asown |ap ajuaBios | Bi) EZURSIP 1T

oNwsis ouod enpuojoud {53)g0ad

ouodozad eppucgosd :|d} “joid)

BLT [9ZESTU 00
==l i 104 OS000 00 i) SUET 0 LB Fi OE
BIFOO 0 00 ] BEC ChO00 00 =S STF L0L Fi 6.
[ Eacon BE SEO00 D 00 e [ L E il i}
TCocon Z6E SCU00 OO TG oot LOE FAE T L
TTZE00 14 FEO0 D 00 60T EO Yl i Fi i}
T ZFEDD & o L% Fi i
T TTE00 57 IF000 00 B 15 G/ £ ¥
E1ED L TS000 00 Z T A {4 e
[ OPEDD e 00D O = 11 ST T 4
#2000 IE L0000 B, EE) LL [\ T
ZT300 m 13000 00 E74 ZE Ll E
o) SEOO 000 E74 SLOTD LI ) 3
IFEDOD A FFOOD 00 1z SEOTD  © &, i1
CTRO00 THFO00 66 &3 FE60 0 Gl iz ) L
0 GLFT OLFL O0CT
FZ000 00T BET 000 B0 09T 19000 OB ET  UZTT  O0FT |
[u] FO B 06 OO Or |
SEBO0 0 T E [ o000 860 IET FIL00 EI 008 006
A0 OO0 T T cor0 0 WL +5T S0 0 = 4 [3F4F3 []VE:]
TLTS00 0 [ a1 THSdd) - "N |ﬁ U0D EJEAEILT 5, i [1
oooooo o0 T 7T THS g ] - T - Jas)y Lo FEIL SR o9
BRSO OO0 T IST __—mmn_n..lunzlw_mm iﬁwul—m) ooE |
BRSO OO0 E IST THEAQ] - "N - U00 BEJEAEDL S/ [
.aN.mad...dea CTT __.ﬁnn._lﬁzuwmmwi%._ SA O0E
COCIO o ooT ] THSA) - TFN - JO5) U0D BJEAEDLI 5/ [a]eird
SOZTOD [ [==3 (HSdd]) - TN - 305K UOD BYEARDLNSA 00' L
00|
Sasjw_|_ J9s ] Jos/W | oS o ] wr
[E)) ; .
OESA I -2 | 32 | dsh | g | (sa | (s)yesd | {d) ryoad

£ N1dIS YAOHS YVOIIVEDYNY @ DE SA

E||BUEZ "4 |[095°)( T3I01EI AL IBOS
ENOPUODN 09910 oH0IBIOGE] |3p°Ha
wosindg@ oy - woslad mwm
asalellad 04 - OEThY T'0IEUeISE ||2p By
e makiag

sep ENn8ass enold

0 :aundass woEedissg U
INSIS - NIZT4D-TS Eluadouds) [E3jusis epungd
Ju Op'0E (EjLnETes BLRSSEL ENFUO40I4

_._mnv 1P DO'L I £ Oul 4 OARIS JL or'Touopaly
rdep g wu iEpfe) BlpUDOId
E NldDS BAnid dJ)

£10Z/ED/TT iE1EQ
vy} Apsulay ajerzeid:aiaue)|
EULSARY |P BUNUSDD [BIUagiuuod)

€ N1LdOS

SR

LTOZ/OT/TE 19P SOT/P¥SC8T "N "O°D Ip eldql|s@ uod OL1v10dy

1259¢v/ces0 -

Xe} TZ09Z¥/2€S0 19} (34) osaressad 0 0£0ry ¢ ‘oreuelbiv,|j2d eIA *|'4'S 0ablad




D D D D N e B ED E e Bl A AR e e e S s s

alletipi s.r.l
Sede operativa ed amm.va: Via Annibale Zucchini, 68 - 44100

SCPTU2A

tod 053256771, fax 0532156119 e-mail infofaletiol it sho; www. elletipl il
P IV & Codice Fiscale n 00174800387

AMMITTENTE Comune di Ravenna - Area Infrastrutture Civill
ANTIERE Palisportive Darsena - via Maranl, Ravenna
TN SCPTU 01 PROF. FALDA (m da p.c.) 2.30
aTA 30/06/11 PREFORO (m da p.c.) 0,90
IMMESSA  9405/11 C. SITO N°: 5110092
4 .3 u ingl, prof, ot fs u Incd, prof. B - u incl.  pral.
Mpa  kPa kPs  gradi m Mpa  kPa ikPa  gradi m Mpa kPa ks gradi m
oIF 5158 G 045 252 OEE 2347 WL I8 492 A0 &SY LR 249 6
015 5912 B.67 049 294 086 2586 9L09 125 4 041 642 130.16 249 G99
020 6088 1233 052 2.56 089 2719 10147 131 4.56 044 675 13260 249 695
038 6573 1233 053 298 091 2047 117.34 1.30 458 0.45 742 13443 258 654
040 7579 1050 052 .00 055 27.09 12100 130 5.00 0.64 753 13993 2.5 .00
044 TATS G328 047 302 099 2453 11617 137 502 221 784 15519 255 NOQ
434 4495 073 048 304 0599 2564 11785 132 504 481 954 13321 257 V.04
404 S481 071 042 306 054 2353 11612 L34 506 550 1008 11551 257 V.06
395 SAS0 195 0.52 308 0BT 57 1001 137 508 &l .53 11368 2.5 7.08
418 53117 155 048 310 086 23120 104658 140 5.10 505 8457 111323 257 M0
445 S550 N17 049 312 DB4 3665 10574 1.3 542 5497 11.08 109.40 158 .12
446 5495 1.95 0531 314 D84 4154 10596 139 G514 550 1308 107.57 259 7T.14
447 S48 073 056 3118 DA 4488 10658 141 516 540 1686 10208 260 Y16
407 8494 317 D42 318 079 4555 10696 1.45 G518 457 1975 9109 260 TiA
420 9628 317 048 3120 073 3804 8926 142 5320 400 2731 B4.37 2162 TN
433 10761 317 054 322 073 3526 8987 141 532 383 3175 7949 263 T2
446 11854 317 060 324 073 3282 9109 145 524 337 JA4Z 7582 363 T
448 13005 379 053 336 071 3148 9538 145 536 380 4520 7766 1.86 T.16
458 15039 179 059 328 071 3059 103.30 146 5328 441 E531 7948 166 728
445 16850 3179 057 330 071 29.15 12232 147 530 533 53531 7399 268 V.00
435 17584 179 0.55 332 D74 2693 12831 147 532 552 4564 7094 270 .32
445 18645 179 057 33 D071 2482 12488 149 534 627 4131 7216 168 LM
462 21772 134 060 2336 D65 2294 11858 148 535 651 3531 73.38 271 7.6
449 21708 110 056 338 063 I2B2 11412 151 538 652 3097 7399 169 114
451 271371 232 0.57 340 058 2327 111.84 155 540 &55 2031 7216 271 T40
453 25038 155 0.58 342 062 2382 111.23 LS1 542 621 2786 718 2168 T4
450 25580 155 0.52 344 060 2583 11062 LSS 544 621 316} FLT? 168 T
4,39 26015 3155 058 345 058 2761 11368 L56 546 556 3096 7155 2162 746
447 27353 477 058 348 059 27.94 11551 L54 548 632 3019 %11 267 V4B
435 278.26 5499 063 350 058 27.16 11795 L54 550 604 28096 70,33 266 .50
404 282092 T.21 D64 352 060 461 12232 161 552 539 4241 6850 267 .52
389 27135 7M1 061 354 064 2272 772 OL5E 554 515 38596 6850 265 .54
3,75 27202 721 0.62 356 069 2272 12955 L&0 556 502 33.85 6850 267 T.56
164 28557 771 063 358 070 2328 130.16 155 558 497 30.30 6850 2.65 7.58
356 /179 7.31 066 350 065 24.05 13136 158 560 495 2785 6911 270 7.A
150 29490 7.1 0.69 362 083 2439 12955 1461 G562 508 040 6972 .70 T.A2
141 787.56 660 065 364 064 2484 12894 162 564 486 2151 B9.11 273 764
131 79944 355 068 366 065 2595 12833 1467 566 485 14,85 B9.72 276 758
130 291,33 195 067 368 086 2751 12589 168 568 543 13,74 7033 .82 748
131 8821 562 071 370 065 27.84 12283 167 570 601 1940 70.94 283 770
110 28655 623 073 172 068 2040 12100 1,72 572 601 16 o7 9.7 286 772
111 27765 552 0.7 374 064 2829 12039 1.73 E74 G608 23.73 6728 247 .74
205 299.54 501 073 376 063 2784 11490 L.TO L76 611 3140 8567 291 7.6
287 M6AT 379 076 178 063 2840 11245 168 5TE 7.6l 54T 177,78 108 7.78
781 4000 317 077 380 059 30,8 111.23 174 580 1369 173.06 G422 361 780
279 23232 440 0.78 382 058 30,96 11062 1.76 EBZ 1254 150,72 2837 174 7.&2
290 22065 684 080 3B4 055 3085 11001 172 S84 1089 13261 2.5 179 7.34
261 21165 562 078 186 054 3096 11001 161 586 B3 148.26 501 A3 7.86
283 19632 440 081 JB8 053 3040 11001 L.7H 588 T48 16515 684 1BE 788
2.3 19285 179 087 38 052 2985 11001 1.75 590 G568 168,15 BO0E 194 790
2.23 19077 1.95 D084 3152 041 2301 5352 LT 592 531 15182 %.6% 195 7392
200 1ASEE 134 084 354 041 2057 9475 179 594 408 129.74 11,72 197 704
1.8 17577 L34 0.89 3586 041 1813 9597 1.B0 506 590 9770 1416 401 796
1.87 16555 255 0.7 3% 039 1623 97.80 183 598 £79 6136 1600 3199 798
1.75 156.00 440 090 400 039 1512 9841 1.84 600 E.72 W70 IV.Z2 401 ADD
1.65 12848 1231 0.81 402 037 929 8193 188 602 16 1493 928 154 @02
1.60 121.285 745 081 404 037 774 B1.93 189 604 E14 1470 989 194 804
1.49 11336 542 0.8 4.08 D038 7.07 B254 193 604 31 1481 11,7 398 806
1.42 10BB1 562 D084 408 040 G40 8315 190 604 £31 1504 1172 399 A0
1.35 10870 562 O0.86 410 061 829 8458 190 610 538 19.15 12331 1098 810
1.31 10492 542 0B 412 059 6467 7582 18 &1 558 .26 1355 194 B13
1.29 9892 621 D684 414 051 918 704 194 614 c.74 2470 14.15 3197 B.14
125 9581 1538 0689 4156 Q44 1140 TLIE 184 616 5831 3014 31538 136 A6
119 8792 1844 0B 418 D45 9.18 7888 191 G618 621 3025 17.22 355 618
1.14 7581 1844 0092 420 050 6.29 83ve 193 620 678 3A59 19.05 398 820
1.1 7314 1781 QB9 422 058 767 B854 196 622 897 4448 1986 402 832
101 7047 1844 004 424 098 751 G475 200 6324 1043 3259 3454 401 B34
004 B9.36 2515 093 426 L37 B4 B0AD 159 626 10.08 2215 3882 405 B.26
096 9559 23312 095 438 105 763 6141 200 628 973 2037 2637 405 A28
090 10548 23312 096 430 07 674 5895 201 &30 986 3471 2943 410 B30
0B3 9B14 2391 D99 432 062 885 5872 103 632 921 3570 27.%9 416 832
oLy 7i48 3515 099 056 12.85 B1.17 207 634 AO0D 36326 2506 419 834
064 G445 2882 099 064 1420 TALT? 210 636 7.2% 3570 2637 419 B36
066 648,70 3614 1.0 DAE 1296 BL.32 211 638 732 4047 2821 423 638
D67 63,70 5079 1.01 poE 12.20 TP 210 G40 7.54 3991 3004 425 040
057 5504 5201 1.03 0Bl 1452 B7.8% 210 642 779 3335 248 430 B42
0.67 4615 5018 1.04 062 1329 6606 216 644 BO01 3514 3370 425 Ba4
0.62 41.04 50,18 1.00 051 1174 5606 213 646 815 3803 I55Y 428 046
0.58 3148 4957 1.05 045 1252 7218 215 648 862 42,36 3173 417 B.48
0.54 2315 #4896 106 0.52 1041 8458 218 650 683 3858 .19 431 850
0.54 2093 5201 1407 071 1041 90.48 225 652 878 4602 4103 439 a52
067 1659 60.56 1.08 DLBS 995 B5.81 223 654 BBA 5347 4228 429 BS54
o6 1204 5873 107 DE2 774 E9.11 224 655 948 5958 44659 431 A58
073 993 5568 1.07 048 1141 59.95 228 658 1047 60.91 47,74 431 BS58
D&Y B71 5385 112 040 1430 BBS0 227 660 1137 B6.68 4894 430 A6
074 771 5680 111 040 1408 8O0 228 662 1175 TO.68 47.13 432 Bp62
0.72 504 3980 1186 040 1330 BB.03 231 664 1203 6835 45.52 432 BG4
049 615 35187 L18 040 1319 9231 M 666 1251 6713 47.13 4.35 B66
0.47 1616 3065 1.11 040 1319 9655 233 658 1334 6779 4896 436 868
048 1650 5079 L.18 0.3 1119 9963 233 670 1353 68.68 52.01 4,39 A7
050 1550 62.39 1.18 039 757 10269 237 672 1106 6590 5446 439 872
050 1484 61.78 1.18 D38 574 10513 239 674 1318 7166 5507 441 8 4
057 1418 6239 1.7 0,39 519 10635 238 676 1213 7756 5507 443 876
050 1140 7094 1.19 D40 510 10940 240 678 1136 B5ET 5507 4.43 B.7a
071 ASS TRBA 117 038 587 11245 241 680 1095 BRAT 5629 4456 B.B0
0,77 A41 BL3IZ 119 043 575 11490 243 682 1084 B9.6T 5812 448 BEQ2
0.8 8.49% 7943 1321 045 &74 11974 244 6.B4 1104 BETT 5055 44% BB4
0.80 LG eSS 132 D44 597 12281 244 686 11,37 8665 £100 45D BBE
0.86 19431 80.71 1.328 J D41 7.9 12344 244 688 1147 8311 5422 445 888
0.87 200 g2.31 1.25 4590 D41 7.08 12589 248 £.90 1122 7865 G484 453 @90
Lo Sparim
dott. Mass E110092_SCPTU 0f wis - pag 1 dI&

ADOTATTO con Deliberasflikasan hised2 bddid@bielel 31/10/2017
INTEGRATO CERTIFICATO DA DNV
UMl EH 150 2001/2000
==UHI EN 150 14001=—

Servizio Edilizia U. O. Implanti Sportivi

TIPO PUNTA piezocono G1 - CPLZIN
Lat. 44 4151577
Long. 12.211598°
ac fu U i prof. o2 fs U ind
Mpa kPa kPa  gradi m Mpa P kfa  pred
{135 7171 B4BA 454 g5 755 203X L3S ST
12.31 7054 E7.28 455 A%4 773 321,54 114890 579
11.66 6909 7031 450 A5 794 3888 11551 5.80
1439 7020 AID0 456 @98 6320 4243 11671 583
1450 6898 4164 453 900 642 45371 11056 5.83
1448 7031 AL 462 502 B49 49.10 11978 5.65
1417 G808 1675 453 904 B46 50.99 12039 585
1158 G7.54 A58 4,63 908 B2E 5354 11578 5.86
12,80 71.41 4042 465 ©.08 AO06 56.10 119.17 5856
11,83 79.30 #4103 467 910 778 58.54 11456 5.85
11,22 B4A3 4286 471 902 753 5954 11795 590
10,75 9151 #4408 471 904 7.4 6043 117.34 591
068 8258 5568 472 518 680 51.5) 11450 5853
p45 8613 5S1A5 473 918 668 51564 11184 502
.03 B7.02 5324 476 920 641 5219 10940 593
B.5Y 87.79 5283 472 922 611 5308 10896 591
B.55 B4.17 5261 475 924 560 5242 10452 595
893 B0.83 5185 479 926 554 5164 10091 597
10,01 746 S56 480 G238 530 49.97 100.08 5.95
10,78 B5.24 5690 480 930 4927 4531 10024 594
1097 50,12 SEG0 4.80 932 452 49,19 9441 598
1051 59.34 S5ER 480 9.3 439 4908 97.19 602
10,02 6001 5507 481 936 434 4551 %902 602
986 5734 5507 485 4§38 465 47.97 10259 600
9,97 5690 5568 487 540 486 4653 103591 603
10.03 59.11 57.51 488 942 461 4551 9109 604
989 6211 56209 487 G444 AT 4285 6LTE G4
9HAl G445 5124 4,88 S48 454 3953 3170 609
9.75 G456 5446 490 S48 407 3552 3ISTS 6.04
9,37 G155 GBS 401 950 130 23.52 475 6.05
001 50,55 5124 492 .52 2456 2508 J6TS 600
B2 6127 S2A1 404 954 189 319 IS 6AD
B10 5144 S140 494 955 212 42.63 4042 61D
761 61,88 5079 496 958 117 5274 SL40 A1)
7.12 6388 5018 498 .60 333 5608 1600 613
6.60 6510 4896 498 962 266 5619 745 614
608 6122 4835 499 068 246 5030 1722 6.5
577 6066 47.74 501 986 304 6807 2088 616
514 SB.22 #4652 503 958 199 BL74 3393 &1B
434 S4.77 4463 SD0 970 488 T4Z0 664 8.20
351 52,32 4235 502 972 541 70.29 562 822
276 4866 39.80 503 574 593 89.07 867 822
233 4710 3858 5.06 975 654 5707 1111 8322
2.15 47.21 3858 506 978 676 5271 667 627
236 47.21 3915 506 0.80 654 4507 562 627
262 47.43 58 509 982 B1% Y984 613 628
280 4465 2332 509 9B4 557 840 BO06 630
231 42,37 1233 509 986 587 1518 9328 630
190 4007 806 512 988 562 B4 989 £33
150 3565 806 512 990 525 2828 1050 633
1,32 2899 928 512 992 501 3L28 1172 635
117 3232 928 S16 994 492 3317 1233 635
083 3265 1050 517 995 457 3217 1416 634
079 3121 1844 515 008 522 3284 1600 635
oA7 3132 3431 514 1000 556 3428 1783 634
0.62 3454 62,39 520 1002 547 3000 5812 635
066 33.33 5873 517 1004 577 3200 5812 635
0,70 3278 B3A5 518 1006 545 33 S5B73 638
084 3144 9414 520 10.08 573 3445 SB73 635
096 31,55 103.91 522 1010 561 3445 5534 640
1.00 3255 5690 522 1042 527 3711 5995 &1
085 3I180 4469 522 1014 558 3834 6239 642
0.77 31244 989 524 1016 609 4111 B4B4 64D
071 MEF 379 524 1018 7.04 4489 6728 642
0.85 3480 10208 524 1020 7.87 51.56 6422 642
1.38 33,66 130,77 526 1022 B.09 5478 1661 645
1.87 3122 10024 527 10.24 7.93 5256 867 646
208 32,55 ILE7 529 10.26 746 4944 1355 646
1.55 28311 20,27 530 1028 7.127 4589 1600 G4
118 2600 1644 532 1030 7.04 4500 1505 650
057 27.00 1500 532 1032 7.02 4311 2149 652
118 24.22 47.74 533 1034 7.08 4122 2191 652
1.30 2533 3309 535 1035 7.00 4166 2637 654
114 JLSS 23327 539 1038 7.00 3989 2821 654
103 3133 1544 541 10400 659 4233 3004 654
054 2844 2515 540 1042 693 4511 3187 658
054 2444 THED 541 1044 653 47.22 3309 659
1.27 1988 55329 5.44 1046 6,84 4855 3492 66D
141 2363 2637 545 1048 680 49.77 3514 6460
1.42 2532 623 548 1050 676 4988 37.36 B8.60
075 2577 232 549 1052 6.85 4843 19.1F 563
040 20866 2637 548 1054 694 47.87 4103 663
049 2599 5414 551 1056 7.02 4821 4235 865
0.66 22,77 11123 554 1058 7.02 5021 4347 669
078 2021 117.95 554 1060 7.13 49.87 4408 6.67
D.B8 1899 10830 557 1062 7.27 4865 4103 669
1.13 2186 11856 5.57 1064 7.31 47.76 380 672
1.50 17.77 74E0 558 1066 7.27 47.5) 4164 672
1.3 1810 5324 559 1068 7.23 4676 4286 A2
1.03 1810 28943 550 1070 7.3 4608 4235 676
071 19,10 2333 550 1072 7.01 4451 4408 &76
107 17,77 11306 565 1074 688 45.08 4591 677
117 1654 15031 568 1076 681 4308 47131 678
B4 13.66 119.17 568 1078 676 5087 4835 681
542 13.54 11671 570 10.80 B.71 49.97 4957 681
575 15.88 10940 571 1082 6.65 4552 5018 6851
o3 17,86 11062 572 1084 & 47.19 5140 685
635 20,21 11245 572 1085 & 44,74 5201 665
6.89 231,54 11490 571 1088 & 41,63 5324 GBE
7.219 2543 11551 576 1090 5 40.85 5385 6BB
Il Direttore Settorg Prove in Sito:
dotl. geol. Gianiuca Feriofi

¥
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- - SCPTU3A ADOTATTO con Delibera di:G:G. bk 482644/105dek 31/10/20

elietipi s.r.l. INTEGRATG CERTIFICATO DA DN

Sede apég

va ed amm.va: Via Annibale Zucchini. 65 -

5119  a-maill i alleliplit &
00174600387

ﬁ-r;‘!ITTENTE Comune di Ravenna - Area Infrastrutture Civili - Servizio Edilizia U. 0. Impianti Sportivi

NTIERE Polispartivo Ponte Nuovo - Ravenna

T N° SCPTU 01 PROF. FALDA (m da p.c.) 1.20

TA 08/04/10 PREFORO (m da p.C.) TIPO PUNTA piezocono G1 - CPL2IN
MMESSA 8042/10 C. SITO N°: 572/10 del 28/04/10

qc fs u prof. qc fs u incl. prof. qc fs u indl.
kPa kPa gradi m Mpa kPa kPa arad
3 31.26 .83 s 8570 10.16 v
21, 1.18 15 76.32 10.29
B 32. 1.61 15, 76.4% 10.47
1.1 133.41 33 1.65 15 73,99 10,65
0. B82.37 35 1.66 16.00 114.06 10,78
a. 58.92 57.40 1.64 16.20 74.27 10.
.8 55.01 73: 1.64 16.40 58.56 1
0. 45.09 =1 1.70 16. 67.83 11.
0.47 28.31 65. 1.76 16, 92.97 1.
0.60 27.35 80, 1.81 17 11.42 7E.46 152.80 11.
0.62 44.70 58 i.87 17 12.39 90.33 149.58 11,
0.61 28.31 Fi 1.B6 17 12.50 128.33 11
0.87 72.50 1.91 17. 11.24 122.94 1
' 91 82.15 1.52 17. 14.22 135.54 12.3
| 0.58 86.20 1.98 1E. 15.59 119.56 12.55
i 0.49 93.70 2.04 16.34 9 2 12.73
i Q.37 106.18 2.10 16.90 11 2 12.92
] .43 101.63 2.16 2 ) 13.1
1 0.24 112,62 2.18 116.73 13.33
1 0.2 126.38 2.21 144.87 13.62
J 0. 137.71 2,25 144,81 13.B4
1 0. 140.48 2.32 15:53 81.26 14.04
bl 0. 144.26 3.15 60 15.41 7 14.26
3 0. 153.25 2.47 pita] 14.43
J 1.7 125.94 2.58 0
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ATIENDA CON SISTEMA D! GESTIONE

elletipi s.r.1 ADOTATTO con Delibera di €1&#~N.E828441B5%1&| 31/10/2

arie aparaliva

MMITTENTE Comuné di Révenné - ﬁrea.fnfrastr'u.tﬁﬁre Civili .-.“Sen‘r:nzio.éd'ilizia u. O. I‘mpiam.:i"Sportivi
NTIERE Polisg
I N® SCPTU 01 PROF. FALDA (m da p.c.)
TA 08/04/10 PREFORO (m da p.c.)
MMESSA B8042/10

o Ponte Nuovo

o
o

o o

TIPO PUNTA piezocono G1 - CPLZIN

prof. (m) Prof. media Pot. strato Litologia q. media ¥ o've C, media @ (1) @ (2)
3 a (m) (m) (kg/em?) (t/m*) (kg/em?) (kg/em?) (gradi) {gradi)

s - torbe 0.5

15 argille 10,0 0.7

4 = 0.08 torbe 4.5 0.6

32 x 0.0z argille 6.7 0.7

34 . .95 124 torbe 9.5 0.&

56 - 1:58 oo arpille 0.4

60 1.62 1.51 torbe 5.4 0.3

62 1.68 1.65 argille 5.2 0.3 -

65 1.78 1.73 Lorbe 4.2 0.3

78 1.82 80 araille 4.2

82 1.58 1.85 lim) argillos) & arg 6.1 (2.4 -

88 1.95 aroille 74 0.4-0.8 0.27

02 2.12 torbe 5.9 0.4

22 2.3¢€ (.14 argille 5.8 - -

38 - L4 2.38 .04 Wmi argillosi e argille iimose 6.7 0.8-1.1 0.30 G.4

.40 - 252 bimi & limi sabbiosi 0.8-1 o.7 <32

52 - limi argilios: & argille hmose 5.4 0.8-1.1 .32 0.4 -
- 2,56 argille 5.8 0.4-0.8
- 3.5¢ ) limi arglliosi & araille imoss £.8-1.1 ¢.2 >
= 0.4-0.8 0.3

= 30 & argille mose 5.0 -
(.04 limi e lim| sabbiosi 8 0.8-1.1 0,34 0.8 =3 24
+ 78 limose 8-1.1 (.34
2.78 2.8f 2.8 limi & limi sabbios! 3.8-1.1 32 24
fimi argillosi e argdle hm 5.0 0.§-1.1 0.36
0.04 argille 3.8 0.2 =
284 - 2,95 It argillosi € argl 45 0.3
3.04 argille 2.9 2 -
limi argilios| e argilie § 35 0.38 2 . -
312 3.16 0.08 limi e limi sabbiosl 6.8 0.39 0.4 32 i
3. 3.24 lim argillos raille imose 4.0 0.38 -
24 0.0a aragille -
jim argillos) & argille lirr 4.0 .40 0.2 -
322 argille 3.1 0.41
38 - 34 3.4 lirmi argillos| & argille .41 -
2,45 0.04 =l e Hmi S 0.6-1.1 0.42 03 ] 2C
1.48 lirni araillosi & aroille limose 4.9 42 3
araillz 2.8 0.4 .52 Q.
- 4.3 .02 v argillos: & argille hm 7 0.8-1.1 .48
T X arallle 0.50 ]
¥
c V.44 4.4 liry argillos: e ergilie imose 3
4.45 fimi & lim) sabb Ly
4.4% 1) limnt argtlios e argille | 0.2
4.48 31 0.2
i.5 0.Gd 0.1 .
1L arpills 2.4
4.6 lirm argitlos: € arqille imose 6 .5-1:1
G - & 5 gl 32 b
4.7 4,80 [ 4.8 i b P |
.50 5.0 (V)5 Ty < o




ADOTATTO con Delibera di GiEsernei@izbAdd05 del 31/10/20

Comune di Ravenna - Area Infrastrutture Civili - Servizio Edilizia U. ©. Impianti Sportivi

wo - Raver

ANTIERE
bT Ne SCPTU 01 PROF, FALDA (m da p.c.) 1.20
%ﬁTA 08/04/10 PREFORO (m da p.c.) 0.00 TIPO PUNTA piezocono G1 - CPLZIN
PMMESSA  8042/10

prof. (m} Prof. media Pot. strato Litologia q, media T L. C, media @' (1) @ (2)
da a {m) {m) (kg/em?) (t/m?) (kg/em?) (kg/em?) (gradi) (gradi)

ips - sabbie 357 2.8-1:1 32 28
10 5.12 sa limose 5.4 0.6-1.1 43
112 5.14 sabibie 36.9 0.8-1.1 - 28
314 5.1% 5.15 0.02 sabbie mose 37.5 0.8-1.1 - 232 28
e - 5.28 024 sabbie 44,5 0.8-1.1 - 32 26
$40 - 5.9% .58 sablbie hmose 3717 D.8-1.1 32 28
5,88 - B.0Z sablne 32 e
502 - 6.04 3g.4 0.8-1.1 3
04 - 612 £.08 g 0.8-1.1 - 32
512 & &; 0.7z 32 27
B.36 6.45 B.41 0.72 32 8
sabbie .74 3 28

sabbie 0.8-1.1 0.79 25
sabbie himese 0.8-11 0.77 24
2:14 sabe BE.6 0:8-1.3 1.1 -
.05 sabbie hmoss 1.02 2
sabbie - 32 29
bie lmoss 24
limi & 0. 2.6 21
0.0z lirmi argilio: G.8-1 14
argille 1.2 &
0.0s torpe 0
argille 1. -
torbe 1.1 -
araille 122 *
limt argiliosi & argilie Jimo: 113 U.8-1.1 2.32 ¢.5
arallie ) 2.23 ¢ =
Tirnir & lirm 0.5-1.1 G 32
llost & argille imose 10,7 513 4
limi & lim sabbios: 13.6 0.8-1.1 3 15
= e limose 13.5 8-1.1
11.3 . .38
£.08 torbe 8.8 2.38 0.3
0.04 arqille 0.4-0.8 2,35 0.3 -
0,02 limi argillos) & argilie lime 0:8-1.1 0.
0.12 hm: & i sabbiost 13.6 0 32 15
.04 . limy argiltosi e argills i 0.8-1.1 241
.06 lirmit & lim 2.41 1 2 7
limi argillos: & argille A2 0
1& 43 32 16
43 \
3 I 2 43 1 3 y
0z b1 Z4 32
1 Z.84 32 1
fumy lhimaoss 245 -
.36 limi & 201 .5 1 z
14 W MOsE 1 *




gl ATIENDA CON SISTEMA Di GESTIONE
elletipi s.r.l. ADOTATTO con Delibera di C.€TESN: 28954471 05°4€1*31/10/20

44100 FERRARA e

erativa et amm va: Vie Anninale

wwwallelipn i

e-mail: info@eliet

Jdice Fiscale n. 0017

;oﬁﬁi‘fTENTE Comune di Ravenna - Area Infrastrutture Civili - Servizio Edilizia U. O. Impianti Spcrti'v'i

';;LNTIERE Polisportive Ponte Nuovo - Ravenna
PT N® SCPTU 01 PROF. FALDA (m da p.c.) 1.20
JATA 08/04/10 PREFORC (m da p.c.} 0.00 TIPO PUNTA piezocono G1 - CPLZIN
SDMMESSA  8042/10
prof. (m} Prof. media Pot. strato Litologia q. media ¥ o' C, media 9 (1) o (2)

da a {m) (m) (kg/em?) (t/m?) (kg/em ™) (kg/em®) {gradi) {gradi)

torbe 6.6 - =

argilie 0.5

limi argillosi & argills bin 0.5 - =
004 fimi & limi sabliosi 0.5 32 i3

limi argillosi e argille imose 0.4 -

lireri & L
limi argillos:  araille limose (R
.04 lirmi & fimi sablios) 3z 1
limi argiliosi & araills imose -
0.l argille 0.3 -
G.14 imi argillesi & arailis limose 0.4
argille
torbe -
arailie g8
o1k toroe 0.2
argille -
0.24 limi argilios: e argille imese 0. -
G.ZC argille 0.5
0.4 torbe -
0.05 argille ¥ L4
.10 limi argillos: e argiie lim
.42 argilie -
0.08 Wi argilios) & araille lir 0.6
limil & limi sabk 0 32 1€
0.36 lirrr argilles| & argille limose [ 3
araille 0.8
lirni araillosi & argille lirr o,
araille
limi argillos: e argille imose E
limmt & Ly sabbios| 07 a2 4
limi argiliesi & argille imose 0.6
lime & limy sabbios 2 14
limi argillosi = argille limoss G.5
timi & lim! sabbiosi 0.¢€ 32 14
flimi argillosi £ argille imose 0.6
ltmi & limi sabknos: G 3z
sabbie imose 44,0 a2 2
sabbie 54,4 3.10 2 2
10 50.¢€ 3:11 3 2
1.4 5 7
21 Q.8 1.0
»
0.G8 torhe 17 o7 R
arqille ¥
ille limose 14.8 E
16,2 318 7
R - 0.7 3
.2 L 1-’
Z ¢.2 #-1 2¢ 7/ =




HVSR1A ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

CLASSE (RAVENNA) - SCUOLA ELEMENTARE - VIA ROMEA S. 247

Start recording: 10/03/08 13:10:40 End recording: 10/03/08 13:30:41
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h20'00". Analyzed 82% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window, Smoothing: 5%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HYSR at 8.38 £ 2.23 Hz. (in the range 0.0 - 4.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

EXPERIMENTAL VS. SYNTHETIC H/V

Max. HVSR at 8.38 £ 2.23 Hz. (in the range 0.0 - B4.0 Hz).

7 — Ayerage HMY
— Synithetic HY

-
MEH

]
0.1 1 10
frequency [Hz]

Profondita base del livello [m] Spessore [m] Vs [m/s]
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. HVSR at 8.38 * 2.23 Hz. (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L, 8.38 > 0.50 OK

nc(fo) > 200 8207.5 > 200 OK
[a(f) < 2 for 0.5f) < f < 2f, if f, > 0.5Hz Exceeded 0 out of 403 times OK
[a(f) < 3 for 0.5f, < f < 2f, if f; < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fo/4, fol | Aunv(f) <Ay /2 4.125 Hz OK
Exists " in [fo, 4fo] | Aun(f’) <Aq/ 2 12.844 Hz OK
Ay >2 1.67>2 NO
foeak[Ann(f) £ TA(F)] = fox 5% [0.13119] < 0.05 NO
(g < [1(Fo) 1.09872 < 0.41875 NO
O a(fo) < [1(fo) 0.0563 < 1.58 OK
Ly window length
Ny number of windows used in the analysis
ne = Ly Ny fo number of significant cycles
f current frequency
fo H/V peak frequency
Cf standard deviation of H/V peak frequency
T(fo) threshold value for the stability condition [71; < [1(fo)
Ao H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ayp(f ) < Ag/2
fr frequency between f, and 4f, for which Apy(f ) < Ag/2
Oa(f) standard deviation of Ayn/(f), La(f) is the factor by which the mean Ay (f) curve should
be multiplied or divided
TiogHnv(f) standard deviation of log Ay(f) curve
C(fo) threshold value for the stability condition [Ia(f) < [I(fo)
Threshold values for [lsand [1a(fo)
Freq.range [Hz] <0.2 0.2-0.5 05-1.0 1.0-2.0 >2.0
[1(fo) [HZ] 0.25f, 0.2 f, 0.15f 0.10f, 0.05f,
[(fo) for [1a(fo) 3.0 2.5 2.0 1.78 1.58
Log [(fo) for Ujognnv(fo) 0.48 0.40 0.30 0.25 0.20




HVSR2A ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO*Grilla
www trominao.it

RAVENNA - VIA DEI PINI, VIA DEI PINI TR01
Start recording: 08/04/09 14:21:47 End recording: 08/04/09 14:41:48
GPS data not available

Trace length;  0h20°00", Analyzed B5% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HYSR at 41 47 £0,33 Hz. (in the range 00 - 64 0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

SINGLE COMPONENT SPECTRA

TROMINO" Grilla
www.tromino.it
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO" Grilla
voerw tromino. it

EXPERIMENTAL V5. SYNTHETIC H/V

Max. HVSR at 41,47 £ 0,33 Hz. (in the range 0,0 - 64 0 Hz).

B
7 — Average HVY
B
5
4 |z
=
A ;
2
1
0.1 1
freguency [Hz) 10
Depth at the bottom of the layer Thickness [m] Vs [mis]
[m]
1.50 1.50 65
7.00 5.50 110
17.00 10.00 180
27.00 10.00 230
39.00 12.00 260
77.00 38.00 270
“:E??.Uﬂ 120.00 440
inf. inf. 530

Vs(0.0-30.0)=163m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO" Grilla
www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables

Max. HVSR at 41,47 £ 0,33 Hz. (in the range 0,0 - 64,0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/7 L, 41.47 > 0.50 oK

ne(fs) > 200 42298.1 > 200 OK
oalf) < 2 for 0.5f; < f < 2f, if f,> 0.5Hz Exceeded 0 out of 1386 OK
oalf) < 3 for 0.5f; < f < 2f, if f, < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled)

Exists f in [f/4, fo] | Aun(f) < Ayl 2 37.031 Hz OK
Exists f*in [fy, 4f] | Aunl(f*) < Aq [ 2 50.25 Hz OK
Ay > 2 586>2 OK
foear[Annlf) £ oa(f)] = fo £ 5% |0.00394| < 0.05 OK
ay < £(f;) 0.16319 < 2.07344 OK
oalfo) < 0(fo) 0.6008 < 1.58 oK
Lix window length
N number of windows used in the analysis
Ne = Ly nyfy number of significant cycles
f current frequency
fa H/V peak frequency
oy standard deviation of H/V peak frequency
e(fg) threshold value for the stability condition oy < g(fy)
Ag H/V peak amplitude at frequency f;
Al HV curve amplitude at frequency f
f- frequency between fp/4 and f; for which Apn(f ) < Ag/2
£t frequency between f; and 4f; for which Aua(f *) < Ag/2
aalf) standard deviation of Aun(f), o4(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Tiogrn(l) standard deviation of log Ay(f) curve
6(fs) threshold value for the stability condition aa(f) < 8(f,)

Threshold values for ayand oa(fs)

Freq.range [Hz) <0.2 0.2-05 0.5-1.0 1.0-2.0 =20
e(fo) [Hz] 0.25f, 0.2, 0.15f 0.10f, 0.05 fy

0(fp) for oalfo) 3.0 25 2.0 1.78 1.58

Log 8{fs) for oigmnfo) 0.48 0.40 0.30 0.25 0.20




Rapporto Tecnico ADOTATTO con Delibera di C.C. N. 182544/105 del 31/
Indagine sismica infegrata

Via Ponte Marino - Ravenna

Allegato 3 - Spetiro di dispersione

g8 8 8 8 8 38

Velocita di fase (m/fs)

8

in alto: Spetfro frequenza-velocitd di fase dei dati acquisiti durante I'indagine. Sovrimposti allo
spettro sono il picking del modo fondamentale (crocette nere) e le curve di dispersione sintetiche
del modo fondamentale e di alcuni modi superiori (pallini bianchi).

in basso: Curva H/V (A) e andamento delle tre componenti velocimetriche (N-S, E-W, Up-Down) (B)

HVSR3A
A

Max HA a1 0 59 £ 0.05 He {In the range 0.0 - 64 0 Hz)

[
AFH

1w

102

1w g
z

1wt

1w

Studio Associato di Geologia e Geofisica
Via G.P. da Palestrina,1/4 40141 Bologna
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Rapporto Tecnico ADOTATTO con Delibera di C.C. N. 182544/105 del 31/
Indagine sismica infegrata

Via Ponte Marino - Ravenna

Allegato 4 - Velocita onde § in funzione della profondita

(A) Andamento della velocita delle

A 0 = onde S in funzione della profonditd.
Vengono riportati in nero i valori
ottenuti con il programma Wavekqg
(Geometrics) e in blu i valori derivafi

con il programma SWAMI (Georgia

—
L8]
A

Institute of Technology), relativamente

allindagine  MASW; in verde viene

Vs30=2%y .2 m/s

indicato I'andamento ottenuto

Profondita (m)
=

ha
h

mediante inversione della curva H/V,

a0 4 vincolata nella parte superficiale

attraverso i valori ottenuti dall'indagine
51 MASW. La linea fratteggiata in rosso
404 rappresenta la profonditd stimata per

0 100 200 300 400 300

la frequenza piU bassa scelta durante

Velocita (m/s)
I'operazione di picking. A profonditd
= : maggiori I'andamento delle velocitd
Spesa_ore WaveEq Spessore |Vs SWAMI | Spessore VsHVSR N . . .
B (m) £ (m) (mis) (m) (mis) delle onde S e stimato mediante fit
21 1854 21 1843 | 16.0 1900 S SO AT
25 198.4 24 191.8 50.0 275.0
29 2285 30 37 | 1250 | 4450 0 = ¥
33 248.4 33 2427 inf 670.0 C P i
37 260.5 37 267.3 g ! ¢ :
42 267.1 42 283.0 g o i
46 269.3 46 201.2 B !
15.0 269.5 15.0 2948 2- P * i
inf 269.5 inf 295.0 W i
, . . , . IE & | # |
(B) La prima, terza e quinta colonna riportano gli spessori = P i
degli strati dei modelli ottenuti dall’indagine MASW (colonne % 4+ : ‘Iil' ;
1 e 3) e dallindagine HVSR (colonna 5). La seconda e la 2 5. : + !
(= i i 1
quarta colonna contengono le velocitd stimate attraverso la E; E i -
. - . . T 6 i+ | F
tecnica MASW utilizzando i programmi WaveEg e SWAMI; |la -g It ! ;
. - : : . =] i ] i
sesta colonna riporta le velocita stimate mediante inversione o 7 . i
della curva H/V. Sono evidenziati in azzurro i valori di velocitd 8 i + i
e i relativi spessori utilizzati per il calcolo del parametfro Vsao; : ' :
(C) andamento del paramefro Vs in funzione della % : T i
variazione della profonditd del piano fondale della struttura 10— 1 +
: o o o : 100 300 500
in progetto. Le linee in tfratteggio di colore verde indicano i Vs30 (m/s)

limiti 180 m/s e 360 m/s rispetto alla tabella 1 (cfr. §2).

- \/ -

Studio Associato di Geologia e Geofisica
Via G.P. da Palestrina 1/4, 40141 Bologna



sTudio
c DOTT. GEOL. PAOLO TRENT!I

g DOTT. GEOL. MARIA CRISTINA VERRECCHIA

RILEVAZIONE TROMOGRAFICA — RAPPORTO DI PROVA 13.025-1.TR1

13025 RAVENNA, TEATRO RASI TR1

Strumento: TEN-0006/01-07

Inizio registrazione: 10/10/13 11:00:52

Fine registrazione: 10/10/13 11:30:53

Nomi canali: NORTH SOUTH; EAST WEST; UP DOWN

Durata registrazione: 0h30'00".

Analizzato 83% tracciato (selezione manuale)
Freq. campionamento: 128 Hz

Lunghezza finestre: 20 s

Tipo di lisciamento: Triangular window
Lisciamento: 10%

RAPPORTO SPETTRALE ORIZZONTALE SU VERTICALE

Picco H/V a 61.5 £ 7.74 Hz (nellintervallo 0.0 - 64.0 Hz).

Average HY

-
AFH

=]

-

0
0.1 1 10
frequency [Hz]

SERIE TEMPORALE H/V DIREZIONALITA' H/V

0° 45° 90° 135° 180°
min azimuth
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sTudio
c DOTT. GEOL. PAOLO TRENT!
e DOTT. GEOL. MARIA CRISTINA VERRECCHIA
SPETTRI DELLE SINGOLE COMPONENTI
107
N-5 component
E-W component
Up-Down component
107
El
104 %
0=
10‘60'1 1 frequency [Hz] 10
H/V SPERIMENTALE vs. H/V SINTETICO
Picco H/V a 61.5 £ 7.74 Hz (nellintervallo 0.0 - 64.0 Hz).
8
7 —eAY
G
5
3
2
1
0
o1 frequency [Hz]
200 300 400 500 EO0 Ton
Profondita alla base | Spessore [m] | Vs [m/s] ' ' ' '
dello strato [m]
2.20 2.20 205
77.20 75.00 350 al
252.20 175.00 560
inf. inf. 750
100} m
Vs(0.0-30.0)=333m/s -
asaf %
[Vs(0.0-30.0)=333m/s —
Ws [rms]
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sTudio

HVSRS5A ' FEEN: i
c DOTT. GEOL. PAOLO TRENTI

ann g DOTT. GEOL. MARIA CRISTINA VERRECCHIA

RILEVAZIONE TROMOGRAFICA — RAPPORTO DI PROVA 13.025-7.TR1

13025 RAVENNA, TEATRO ALIGHIERI TR1

Instrument:  TEN-0006/01-07

Start recording: 12/02/14 12:23:00

End recording: 12/02/14 12:37:01

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length: ~ 0h14'00".

Analyzed 55% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window
Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 36.25 + 10.63 Hz (in the range 0.0 - 64.0 Hz).

Average HW

=
ASH

0
0.1 1 10
frequency [Hz]

H/V TIME HISTORY DIRECTIONAL H/V

101

0° 45° 90° 135° 180°
min azimuth
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sTudio

c DOTT. GEOL. PAOLO TRENTI

LR

DOTT. GEOL. MARIA CRISTINA VERRECCHIA

m— E-\\ component
Up-Down component

M-S component

H
107 &
&
104
5
10 0.1 1 10
frequency [Hz]
SINGLE COMPONENT SPECTRA
Max. H/V at 36.25 + 10.63 Hz (in the range 0.0 - 64.0 Hz).
g
Average HIV
7 Synthetic HV
6
5
4

MNIH

0
0.1

-

frequency [Hz]

10

EXPERIMENTAL vs. SYNTHETIC H/V

Depth at the bottom
of the layer [m]

Thickness [m]

Vs [m/s]

Poisson ratio

1.00 1.00 140 0.43
7.00 6.00 290 0.45
32.00 25.00 390 0.43
62.00 30.00 480 0.42
122.00 60.00 520 0.42
inf. inf. 720 0.42

Vs(0.0-30.0)=346m/s

A00-

100 200

300

400 500 BO0 00

&0k

Vs(0.0-30.0/=346m/s

‘ :

(w] yidap pajeunis3

s [mys]
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HVSR6A

sTudio

CI

DOTT. GEOL. PAOLO TRENT!
DOTT. GEOL. MARIA CRISTINA VERRECCHIA

RILEVAZIONE TROMOGRAFICA — RAPPORTO DI PROVA 13.025-5.TR1

13025 RAVENNA, SAN NICOLO’ TR1

Instrument:  TEN-0006/01-07

Start recording: 13/02/14 13:23:00

End recording: 13/02/14 13:37:01

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h14'00".

Analyzed 55% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window
Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 36.25 + 10.63 Hz (in the range 0.0 - 64.0 Hz).

Average HW

ASH

0
0.1 10

frequency [Hz]

H/V TIME HISTORY DIRECTIONAL H/V

Hz

10°

45° 90°

azimuth

135°

min
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sTudio
c DOTT. GEOL. PAOLO TRENT!I

g DOTT. GEOL. MARIA CRISTINA VERRECCHIA

SINGLE COMPONENT SPECTRA

M-S compaonent

— E-WW component
Up-Down component

El
1072 %
T
104
1060.1 1 10
frequency Hzl
EXPERIMENTAL vs. SYNTHETIC H/V
Max. H/V at 36.25 + 10.63 Hz (in the range 0.0 - 64.0 Hz).
8
7 Symete Hy
G
5
4 =
<
3
2
1
UD.‘I 1 10
frequency [Hz]
Depth at the bottom | Thickness [m] | Vs [m/s]
of the layer [m]
1.00 1.00 138
7.00 6.00 292
32.00 25.00 388
62.00 30.00 485 g
122.00 60.00 525 &
inf. inf. 730 g
Vs(0.0-30.0)=345m/s
Vs(0.0-30.0)=345m/s
Ws [mfs]
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sTudio
c DOTT. GEOL. PAOLO TRENT!I

g DOTT. GEOL. MARIA CRISTINA VERRECCHIA

RILEVAZIONE TROMOGRAFICA — RAPPORTO DI PROVA 13.025-1.TR1

13025 RAVENNA, TEATRO RASI TR1

Strumento: TEN-0006/01-07

Inizio registrazione: 10/10/13 11:00:52

Fine registrazione: 10/10/13 11:30:53

Nomi canali: NORTH SOUTH; EAST WEST; UP DOWN

Durata registrazione: 0h30'00".

Analizzato 83% tracciato (selezione manuale)
Freq. campionamento: 128 Hz

Lunghezza finestre: 20 s

Tipo di lisciamento: Triangular window
Lisciamento: 10%

RAPPORTO SPETTRALE ORIZZONTALE SU VERTICALE

Picco H/V a 61.5 £ 7.74 Hz (nellintervallo 0.0 - 64.0 Hz).

Average HY

-
AFH

=]

-

0
0.1 1 10
frequency [Hz]

SERIE TEMPORALE H/V DIREZIONALITA' H/V

0° 45° 90° 135° 180°
min azimuth
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sTudio
c DOTT. GEOL. PAOLO TRENT!
e DOTT. GEOL. MARIA CRISTINA VERRECCHIA
SPETTRI DELLE SINGOLE COMPONENTI
107
N-5 component
E-W component
Up-Down component
107
El
104 %
0=
10‘60'1 1 frequency [Hz] 10
H/V SPERIMENTALE vs. H/V SINTETICO
Picco H/V a 61.5 £ 7.74 Hz (nellintervallo 0.0 - 64.0 Hz).
8
7 —eAY
G
5
3
2
1
0
o1 frequency [Hz]
200 300 400 500 EO0 Ton
Profondita alla base | Spessore [m] | Vs [m/s] ' ' ' '
dello strato [m]
2.20 2.20 205
77.20 75.00 350 al
252.20 175.00 560
inf. inf. 750
100} m
Vs(0.0-30.0)=333m/s -
asaf %
[Vs(0.0-30.0)=333m/s —
Ws [rms]
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSR8A FROMINO” Grnifla

www. lromino.il

AUREAPROGETTI, VIA CAVOUR-VIA MORIGIA 2

Instrument: TRZ-0117/01-11

Start recording: 20/06/12 11:12:22 End recording: 20/06/12 11:32:22
Channel labels: MNORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length:  Oh20'00", Analyzed 87% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20s

Smoothing type: Triangular window

Smoothing: 10%
HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HA at 063 0,04 Hz. (In the range 0.0 - 64.0 Hz)
8
[ =—— Awerage HV |

I
4]
5

<
% =
3
2
1
1}
W . frequency [Ha) 18

HV TIME HISTORY DIRECTIONAL HN

' L7 10
- G
L 5 £
z
H:ll:l 1EI"'
!
ot

0 2 4 6 £ 10 12 14 16 18 20
min



ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

FROMINO" G nifa
wiwaw lromino.it

SINGLE COMPONENT SPECTRA,

o
e M-8 component
— E-WY componant
e Up-Diom component
107
El
....... \ 2
‘/ -~
i S g = *L. "
10 -'\_‘
10
4 . frequency [Hz) "
EXPERIMENTAL vs. SYNTHETIC HV
Max. HY at 063 £0.04 Hz. (In the range 0.0 - 54.0 Hz).
|
— fvarage HiV
7 e Bynihiatic HV
]
5
=
1 <
frequency [Hi] i
Depth at the bottom of Thickness [m] Vs [m/s] Poisson ratio
the layer [m]
5.00 5.00 140 0.35
7.00 2.00 170 0.35
14.00 7.00 130 0.35
25.00 11.00 230 0.35
58.00 33.00 200 0.35
inf, inf, 380 0.35

Vs(0.0-30.0)=172m/s



ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

FROMINO" ¢nalfa
www. lromino.il

100 200 300 400
L] ] T ]

A0k

0k
m
=
3
fa

0 E.ﬂ:
o
=
3

,w =

A0

.E] =5

Vs(0.0-30.0)=172m/s

Vs [mfs]

Max. H/V at 0.63 + 0.04 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled)

fa>10/L, 0.63 > 0.50 OK

n.(fo) > 200 725.0 > 200 OK

oalf) < 2 for 0.5f; < f< 2f if fy > 0.5Hz Exceeded 0 out of 31 times oK

aalf) < 3 for 0.5f, < f < 2f, if f, < 0.5Hz
Criteria for a clear H/V peak

Exists f in [fo/4, fo] | Aunlf) < Ag 1 2 NO

Exists f* in_[fy, 4f] | Aun(f’) < Ag/ 2 1.25 Hz 0K
Ag>2 1.88=2 NO

ToeaxlAnnlf) £ calf)] = fo x 5% |0.03009| < 0.05 OK

o1 < &(fo) 0.0188 < 0.09375 OK

aalfa) < 0(fo) 0.6976 < 2.0 oK




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

FROMINO" Grilffa
www. tromino. it

L window length
Ny, number of windows used in the analysis
Ng = Ly Ny fy number of significant cycles
f current frequency

fa H/ peak frequency
ap standard deviation of H/V peak frequency

e(fa) threshold value for the stability condition ay < &(fp)
Ay H/V peak amplitude at frequency f;

Aunlf) HIV curve amplitude alt frequency f

£- frequency between fgld and f; for which Apn(f ) < Agf2
£t frequency between f, and 4f, for which Ay (f *) < Ag/2

aalf) standard deviation of Aun(f), aalf) is the factor by which the mean Apa(f) curve should

be multiplied or divided
Giogrnv(f) standard deviation of log Ay(f) curve
B(f5) threshold value for the stability condition ax(f) < 0(fs)
o Threshold values for a;and aa(fy)
Freq. range [Hz] <0.2 0.2-05 0.5-1.0 1.0-2.0 =20
elfy) [Hz] 0.25fy 021, 0151 0101, 0051
~ B(fo) for oa(fo) 3.0 2.5 20 1.78 1.58
log 0(fg) for ogradfa) 0.48 0.40 0.30 0.25 0.20




sTudio

HVSRO9A ' FEE—N: i
c DOTT. GEOL. PAOLO TRENT!

g DOTT. GEOL. MARIA CRISTINA VERRECCHIA

RILEVAZIONE TROMOGRAFICA — RAPPORTO DI PROVA 13.025-4.TR1

13025 RAVENNA, ALMAGIA' TR1

Instrument:  TEN-0006/01-07

Start recording: 13/02/14 14:08:07

End recording: 13/02/14 15:11:26

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 1h03'12".

Analyzed 96% trace (automatic window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. H/V at 63.97 + 15.45 Hz (in the range 0.0 - 64.0 Hz).

Average HW

IS
ASH

-

i -

10

0
0.1

frequency [Hz]

H/V TIME HISTORY DIRECTIONAL H/V

(%]

0° 45° 90° 135°
azimuth
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sTudio
c DOTT. GEOL. PAOLO TRENT!
s DOTT. GEOL. MARIA CRISTINA VERRECCHIA
SINGLE COMPONENT SPECTRA
107
M-S compaonent
E-W component
Up-Down component
107
El
1072 %
—— "'IH-
104
10°F
o ! frequency [Hz] o
EXPERIMENTAL vs. SYNTHETIC H/V
Mazx. H/V at 63.97 + 15.45 Hz (in the range 0.0 - 64.0 Hz).
8
7 Average HMW
—— Synthetic HV
6
5
T
¢ <
3
2 /%ﬁ“—-——-ﬁ ﬁ%
1 M__
UU 1 1 10
’ frequency [Hz]
200 300 a0 50 B0 00 800S00 1000 1100
Depth at the bottom of | Thickness [m] | Vs [m/s]

the layer [m]

0.80 0.80 160
3.80 3.00 310
12.80 9.00 340
42.80 30.00 450
92.80 50.00 500
342.80 250.00 690
inf. inf. 1050

Vs(0.0-30.0)=378m/s

sok

100

150

-200

250

300

| V5(0.0-30.0=378m/s

[w] yidep pajewns3

<360

W's [mys]
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sTudio

HVSR10A i R 7
c DOTT. GEOL. PAOLO TRENT!

g DOTT. GEOL. MARIA CRISTINA VERRECCHIA

RILEVAZIONE TROMOGRAFICA — RAPPORTO DI PROVA 13.025-7.TR1

13025 RAVENNA, IPPODROMO TR1

Instrument: TEN-0006/01-07

Start recording: 10/10/13 13:17:19

End recording: 10/10/13 13:31:20

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

Trace length: ~ 0h14'00".

Analyzed 90% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window
Smoothing: 10%

RAPPORTO SPETTRALE ORIZZONTALE SU VERTICALE

Max. H/V at 63.97 + 0.0 Hz (in the range 0.0 - 64.0 Hz).

Average HY

-
AFH

j M

0
0.1 1 10
frequency [Hz]

SERIE TEMPORALE H/V DIREZIONALITA' H/V

min
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sTudio

c DOTT. GEOL. PAOLO TRENT!

DOTT. GEOL. MARIA CRISTINA VERRECCHIA

LR

SPETTRI DELLE SINGOLE COMPONENTI

10"
N-5 component
E-W component
Up-Down component
1072
3
107 &
I
~
104
5
10 0.1 1 10
frequency [Hz]
H/V SPERIMENTALE vs. H/V SINTETICO
Max. H/V at 63.97 + 0.0 Hz (in the range 0.0 - 64.0 Hz).
8
Average HY
7 —  Synthetic HV
G
5
T
4 =
<
3
2
1
0
0.1 1 10

Profondita alla base | Spessore [m] | Vs [m/s]
dello strato [m]
2.00 2.00 135
9.00 7.00 250
39.00 30.00 290
239.00 200.00 420
inf. inf. 640

Vs(0.0-30.0)=260m/s

frequency [Hz]

100 200 300 400 500 500
. : T : .
B0
Amnf &
3
a
T
g
o
g8
!
E
3
150
2mf
V5(0.0-30.0)=260m/s —

250~ Ve [m/s]
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

HVSR11A

CLASSE, EXZUCCHERIFICIO 1

Instrument: TRZ-0117/01-11

Start recording: 20/01/16 09:55:37 End recording: 20/01/16 10:15:37
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analyzed 97% trace (manual window selection)
Sampling rate: 128 Hz

Window size: 20 s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HAY at 63.97 £3.14 Hz. {In the range 0.0 - 54.0 Hz).

m— Ayerage HV

.
MAH

1 M

DD.'I 1 10
frequency [Hz

H/V TIME HISTORY DIRECTIONAL H/V

10

Hz

100

107!
02 4 B 8 10 12 14 16 18 20
min



ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

SINGLE COMPONENT SPECTRA

1) 5 zOmponent
— Y component
| Ip-Digen cOrmponent

zH /(g

01 1 10
frequency [Hz]

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HA at 63.97 £3.03 Hz. (In the range 0.0 - 54.0 Hz).

— Ayarage HA
T — Synthetic HY

=
MH

DD.‘I 1 10
frequency [Hz]

Depth at the bottom of Thickness [m] Vs [m/s] Poisson ratio
the layer [m]

0.30 0.30 70 0.35
2.80 2.50 150 0.35
6.80 4.00 230 0.35
10.80 4.00 200 0.35
24.80 14.00 220 0.35
27.80 3.00 150 0.35
30.80 3.00 320 0.35
35.80 5.00 160 0.35
45.80 10.00 500 0.35
85.80 40.00 260 0.35
115.80 30.00 550 0.35
185.80 70.00 280 0.35

inf. inf. 620 0.35

Vs(0.0-30.0)=202m/s
Vs(3.0-33.0)=209m/s



ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

100 200 300 400 500 E00

T | T T T T T
5|:| -
m
o)
=
o
T
=
oo 5
=
E)
80
5(3.0-33.0=209m/s ]
200 = W' [my's]

Max. H/V at 63.97 £ 3.14 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

fo>10/L, 63.97 > 0.50 OK

n¢(fy) > 200 74203.8 > 200 OK
oa(f) < 2 for 0.5, < f < 2, if f, > 0.5Hz Exceeded 0 out of 1026 OK
oal(f) < 3 for 0.5f, < f < 2f, if f, < 0.5Hz times

Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]

Exists f"in [fo/4, fol | Aun(f) < Ag/ 2 35.031 Hz OK
Exists f*in [fo, 4f] | Aunv(f*) < Ag/ 2 NO

Ap>2 241>2 OK

foeak[Ann(f) £ oa(f)] = fo £ 5% [0.02431| < 0.05 OK

oi < &(fo) 1.55518 < 3.19844 OK

oa(fo) < 0(fo) 0.2815 < 1.58 OK




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

Lw window length
Ny number of windows used in the analysis
ne = Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
Of standard deviation of H/V peak frequency
€(fo) threshold value for the stability condition o < €(fo)
Ay H/V peak amplitude at frequency f,
Apv(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ay (f ) < Ag/2
£ frequency between fy and 4f, for which Agy(f *) < Ag/2
oa(f) standard deviation of Ayy(f), oa(f) is the factor by which the mean Ay (f) curve should
be multiplied or divided
Gioghv(f) standard deviation of log Any(f) curve
0(fo) threshold value for the stability condition ca(f) < 6(fo)
Threshold values for o;and oa(fo)
Freq. range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
log 6(fo) for oiogrv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

HVSR12A www.tromino.it

Committente: MARTINI ALIMENTARI S. P. A.
Lavoro: Ristrutturazione e ampliamento di servizi igienici e spogliatoti
Localita: Via Bevano, Castiglione di Ravenna

Instrument: TRZ-0112/01-10

Start recording: 10/07/12 09:28:31 End recording: 10/07/12 09:48:32
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analysis performed on the entire trace.
Sampling rate: 128 Hz

Window size: 20s

Smoothing type: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HA at 0.5 £0.3 Hz. (In the range 0.0 - 2.0 Hz).

8
7 [ = Average HV |
6
]
. 3
4 -
<
3
2 /\’\‘\\_/_\/\
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1 1 10

0
0.
frequency [Hz)

H/NV TIME HISTORY
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10!
7
6
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3
2
101

[l
—_

0 2 4 6 B 10 12 14 16 18 20
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO" riffs
www. tromino. it

SINGLE COMPONENT SPECTRA

\ w— -5 component
v £ component
wee | J0-Di0wn COMponent

frequency (H

EXPERIMENTAL vs. SYNTHETIC H/V

Max. HY at 05 £0.3 Hz. (I the range 0.0- 20 Hz)

ZH / (spuna)

e BE1308 HY
e SirifEHG HIY

frequency Ha)

FaS N |



ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

Depth at the bottom of Thickness [m] Vs [m/s] Poisson ratio
the layer [m]
0.20 0.20 80 0.35
17.20 17.00 140 0.30
137.20 120.00 275 0.30
inf. inf. 500 0.27

Vs(0.8-30.8)=180m/s

100 200 300 400 500

| | l L |

[w] yidap pajewnsg

-100

T

V(0 5-30.8)=160m/s

150 - Vs [mfs]



ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

www.tromino.it

(According to the SESAME, 2005 guidelines)

Max. H/V at 0.5 + 0.3 Hz (in the range 0.0 - 2.0 Hz).

Criteria for a reliable H/V curve
[All 3 should be fulfilled]

f,>10/L,, 1.60 > 0.50 OK
ng(fo) > 200 600.0 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded 0 out of 25 times OK
oa(f) < 3 for 0.5f, < f < 2f, if f; < 0.5Hz
Criteria for a clear H/V peak
[At least 5 out of 6 should be fulfilled]
Exists f"in [fo/4, fo] | Aun(f) < Ap/ 2 3.754 Hz OK
Exists f' in [fy, 4fy] | Aun(f’) < Ag /2 NO
Ag>2 23285 2! OK
foea[Aun(f) £ calf)] = fo+ 5% ]0.03355] < 0.05 OK
or<gfo) 0.06686 < 0.075 OK
oalfo) <6(fo) 0.3958 <2.0 OK
S window length
Ny number of windows used in the analysis
ne=Lynwfo number of significant cycles
current frequency
fo H/V peak frequency
Of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition o¢ < g(fy)
Ao H/V peak amplitude at frequency fo
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Aua(f ) < Ag/2
i frequency between f, and 4f, for which Aun(f ") < Ag/2
oa(f) standard deviation of Ayn(f), oa(f) is the factor by which the mean Ayn/(f) curve should
be multiplied or divided
Giogrv(f) standard deviation of log Ayn(f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for orand oa(fo)
Freq. range [Hz] <02 02-05 05-1.0 1.0-20 >2.0
&(fo) [HZ] 0.25f, 0.2f, 0.15 fg 0.10 f, 0.05 f,
0(fo) for oa(fo) 3.0 255 2.0 1.78 1.58
log 8(fo) for iegrn(fo) 0.48 0.40 0.30 0.25 0.20
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sTudio

HVSR16A ' FEE—H: it
c DOTT. GEOL. PAOLO TRENT!

g DOTT. GEOL. MARIA CRISTINA VERRECCHIA

RILEVAZIONE TROMOGRAFICA — RAPPORTO DI PROVA 13.025-6.TR1

13025 RAVENNA, CIMITERO TR1

Strumento: TEN-0006/01-07

Inizio registrazione: 27/09/13 16:34:11

Fine registrazione: 27/09/13 17:04:12

Nomi canali: NORTH SOUTH; EAST WEST; UP DOWN

Durata registrazione: 0h30'00".

Analizzato 89% tracciato (selezione manuale)
Freq. campionamento: 128 Hz

Lunghezza finestre: 20 s

Tipo di lisciamento: Triangular window
Lisciamento: 10%

RAPPORTO SPETTRALE ORIZZONTALE SU VERTICALE

Picco HV a 0.75 + 12.22 Hz (nellintervallo 0.0 - 64.0 Hz).

Average HY

AFH

-

0
0.1 1 10
frequency [Hz]

SERIE TEMPORALE H/V DIREZIONALITA' H/V

107
0° 45° 90° 135°
min azimuth

Pagina 1 di 2




sTudio
c DOTT. GEOL. PAOLO TRENT!I

g DOTT. GEOL. MARIA CRISTINA VERRECCHIA

SPETTRI DELLE SINGOLE COMPONENTI

10"
N-5 component
E-W component
Up-Down component
1072
3
107 &
I
~
104
5
10 0.1 1 10
frequency [Hz]
H/V SPERIMENTALE vs. H/V SINTETICO
Picco HV a 0.75 + 12.22 Hz (nellintervallo 0.0 - 64.0 Hz).
8
Average HY
7 —  Synthetic HV
G
5
T
4 =
<
3
2
1
0
0.1

frequency [Hz]

2|DD S‘DD 4IDD E‘DD BIDD
Profondita alla base | Spessore [m] | Vs [m/s] —
dello strato [m]
4.00 4.00 184
44.00 40.00 270
144.00 100.00 450
inf. inf. 620 sl
%-.
Vs(0.0-30.0)=254m/s g
3
,LV5(0.030.0)=254ms 1

W's [m/s]

Pagina 2 di 2




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

r Societa di HVSR17A TROMINO® Grilla

eologia
Territoriale

www.geob58.com

CASALBORSETT! - VIA DELLE ROSE 18-20, BROGNARA TR 1

Start recording: 18/11/09 16:08:18 End recording: 18/11/09 16:29:19
Channel labels; NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  Oh20'00" Analyzed 72% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HAV a1 031 £0.44 Hz. (in the range 0.0 - 20.0 Hz).

-
ArH

¢
1 1
0 frequency K8 i

HN TIME HISTORY DIRECTIONAL H/V




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO® Grilla
eologia
Territoriale

WWW. eobs.com

SINGLE COMPONENT SPECTRA

WS cotperant
m—— 3 cOmponard
O g 8 e )

TH /()

1 1
0 fiequency R 1




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO® Grilla

Territoriale
www.geosh.com

EXPERIMENTAL VS, SYNTHETIC HV

Max HV st 031 2045 Hz (inths range D0 - 200 Hz)

. : : ; . Averzge HY
7l . . P . : : : ; . — SyTihelc HY

-
ATH

001 ! ﬁequincy[H.rl . I : 10
Depth at the bottom of the layer Thickness [m] Vs [mis]

[m]

0.20 0.20 48
4.60 4.40 100
8.60 4.00 180

12.60 4.00 110

15.60 3.00 150

50.60 35.00 240
inf, inf. 290

Vs(0.0-30.0)=161m/s




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO® Grilla

eologia
Territoriale
wWwWw.qeoas.com
100 200 300
T t
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Socleta di TROMINO® Grilla
1 Geologia
Territoriale

www.geobb.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the foliowing tables.]

Max. H/V at 0.31 £ 0.44 Hz. (in the range 0.0 - 20.0 Hz),

Criteria for a reliable HVSR curve
[All 3 should be fuffilled)

fo>10/L, 0.31>0.50 NO
ne{fs) > 200 268.8 > 200 0K

oalf) < 2 for 0.5, < f < 2f, if f; > 0.5Hz Exceeded 0 out of 16 times oK

O'A(f) < 3 for 0.5fu < f<2f;if fo < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fuffilled]

Exists f"in [fo/4, fo] | Aun(f) < Ap/ 2 0.094 Hz OK
Exists " in [fo, 4%] | Aun(f ) < Ay 1 2 NO
Ag>2 1.47>2 NO
Foeax[Aun(f) £ oa{f)] = fo £ 5% 10.6878| < 0.05 NO
o < g{fo) 0.21494 < 0.0625 NO
oalfo) < B{fy) 0.1401 <25 OK
L window length
Ny number of windows used in the analysis
Ne = Ly N To number of significant cycles
f current frequency
fo H/NV peak frequency
o standard deviation of H/V peak frequency
&(fg) threshold value for the stability condition o < &(f;)
Ag H/V peak amplitude at frequency f;
Apn(F) H/V curve amplitude at frequency f
f- frequency between /4 and fo for which Aun{f ) < Ay/2
f* frequency between f, and 4f, for which Ay {f 1) < Ay/2
calf) standard deviation of Ayn(f), oa(f) is the factor by which the mean Apn(f} curve should
be multiplied or divided
Glogrn(f} standard deviation of log Aun(f) curve
0{fo) threshold value for the stability condition ox(f) < o(fo)
Threshold values for orand o, (fo)
Fred.range [Hz] <0.2 0.2-05 05-10 1.0-2.0 > 2.0
g(fo) [HZ] 0.25f, 0.2 f 0.15f, 0.10 1, 0.051%
6(fo) for oa(fo) 3.0 25 2.0 1.78 1.58
Log 8(fo) for oign(fa) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

www . tromino.it

RAVENNA —n. 4

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length:  Gh20'00".

Analysis performed on the entire trace.

Sampling frequency. 128 Hz

Window size: 20s

Smoothing window: Trianguiar window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HY at 0.47 £0.01 Hz. (in the range 0.0 - 30.0 Hz).

8 ) L ; L s ' | ' v ' ) : [
7 s oo iy [ Average HV
5 Sl AR SHIR RS AR R
. ; L Lo : L oo : . Az
4 : TR S N R : e ; e
- IR s
3 L : AR - SEREERE N
: » IR R
0 S R !
0.1 10
fregquency (Hzj
HN TIME HISTORY DIRECTIONAL BV
9
10! @
7
B
Pd
T g0 °
4
3
2
107!

02 4 6 810
min

i

12 14 16 18 20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

www tromino.it
SINGLE COMPONENT SPECTRA
107 : — : , T . T
©o b Jeeees NGS component
: CoL o r | e EAW component ‘

103

104

: [
' ' i

£ 1 '

' P ¥ [

' ¢

' 1 i ' '

1 . . '

: . s : ' |
P . f § H LR T ' X ‘ ' 1

==em U-Dioyyn component

ZH ¢ (spuw)

5
10 0.1

fraquency [Hz}




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

EXPERIMENTAL VS. SYNTHETIC HNV

Max. HY at 0.47 £0.01 Hz. (In the range 0.0 - 30.0 Hz).

B . - —
7 | m Average HY |
e Synithetic HA |
5 :
N fu
4 e~
=
3 :
2 .
1
0 : : : D S S . : : A
0.1 1 10
frequency [Hz)
Depth at the bottom of the layer Thickness [m] Vs [m/s]
[m]
1.50 1.50 110
6.00 4.50 150
11.00 5.00 185
20.00 8.00 150
115.00 95.00 245
inf. inf, 450

Vs(0.0-30.0)=175m/s




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino. it

100

200 300

400
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100

[w] yidap pajewnsy
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www. tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.)

Max. H/V at 0.47 + 0.01 Hz. {in the range 0.0 - 30.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

10171, 0.47 > 0.50 NO
n.(fy) > 200 562.5 > 200 19}14

aalf) < 2 for 0.51; < f < 2f; if fy > 0.5Hz Exceeded 0 outof 24 times O

oalf) < 3 for 0.5, < f < 2f, if f; < 0.5Hz

Criteria for a clear HVSR peak
[At teast 5 out of 6 should be fulfilled)

Exists f'in [fo/4, fol | Ag(f’) < Apl 2 NO
Exists T~ in_[fy, 4] | Aqnlf') < Ag/ 2 0.813 Hz 0K
Ag>2 1.99>2 NO
foea[Annv(f) £ calf)] = fo £ 5% 10.00629| < 0.05 £33
o < g(fy) 0.00295 < 0.09375 CH
oalfo) < 8(f5) 0.1386 <25 4
L, window length
My number of windows used in the analysis
Ne = Ly Ny To number of significant cycles
f current frequency
fo H/V peak frequency
o standard deviation of H/V peak frequency
s(fo) threshold value for the stability condition or < &(fy)
Ay H/V peak amplitude at frequency f,
Apn(f) H/V curve amplitude at frequency f
f- frequency between f/4 and fy for which Aun(f ) < Ag/2
f* frequency between f, and 4f; for which Apa(f 7) < Ay/2
aalD) standard deviation of Ayy(f), aa(f) is the factor by which the mean Apn(f) curve should
be multiplied or divided
Ologrrv() standard deviation of log Aun(f) curve
(fo) threshold value for the stability condition ox(f) < 6(fo)
Threshold values for o;and oalfo)
Freq.range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
g(fq) [Hz] 0.25 1, 0.21, 0.15f 0.10 fp 0.05 fy
0(fp) for aa(fa) 3.0 2.5 2.0 1.78 1.58
Log 8(fq) for ciaanatio) 0.48 0.40 0.30 0.25 0.20
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

RAVENNA —-n. §

Channel labels;: NORTH SOQUTH; EAST WEST: UP DOWN
GPS data not available

Trace length:
Sampling frequency: 128 Hz
Window size: 20 s

Smoothing window: Trianguiar window
Smoothing: 10%

0h20'00", Analysis performed on the entire trace.

HORIZONTAL TO VERTICAL SPECTRAL RATIO

tdax HV 3t 1.13 208 B gatre ngs00- 200 Hz)

AlH

tagsarey

HN TIME HISTORY DIRECTIONAL HIV

ZH 7 (aau)

frequency M




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO”® Grilla
www.fromino. it

EXPERIMENTAL VS. SYNTHETIC HV

Max HV &t 1.13 0,00 He (n the rangs 0.0 - 200 Hz}

. : . mmemme Arprage HV
7 - . PP S - - . ‘ zE\EﬁCHN

ATH

1 . AWQ
nl11 . . i fequenty ‘ 10
Depth at the bottom of the layer Thickness [m] Vs [mis]
[m]
0.20 0.20 50
3.20 3.00 100
9.20 6.00 140
17.20 8.00 190
29.20 12.00 240
47.20 18.00 260
69.20 22.00 350
inf. inf. 400

Vs(0.0-30.0)=174m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO®* Grilla
www. tromino. it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 1.13 £ 0.08 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fa> 1071, 1.13 > 0.50 114

n.{fp) > 200 1350.0 > 200 UK
oalf) < 2 for 0.5, < f < 2f; if f, > 0.5H=z Exceeded 0 outof 55 times K
O'A(f) < 3 for 0.5f0 <f« 2fo if fg < {0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fo/4, ] | Aun{f) < Aol 2 NO
Exists f*in [fo, 4f] | Aun{f Y < A 2 3.156 Hz OK
Apy>2 220=2 O
focak[Aun(f) £ ca(f] = fo £ 5% {0.03432| < 0.05 OK
o1 < &ffy) 0.0386 < 0.1125 OK
O'A(fu) < e(fg) 0.1015 <1.78 Ok
Lo window fength
Ny number of windows used in the analysis
Ne = Ly ny o number of significant cycles
f current frequency
fo H/V peak frequency
oy standard deviation of H/V peak frequency
s{fo) threshold value for the stability condition o; < g(fy)
Ag H/V peak amplitude at frequency f,
Apa(f) H/V curve amplitude at frequency f
f~ frequency between fy/4 and f, for which Apn(f ) < Ag/2
£ frequency between f; and 4f, for which Apn(f *) < Ay/2
oa(f) standard deviation of Aun(f), aa(f) is the factor by which the mean Agn(f) curve should
be multiplied or divided
iogrn(f) standard deviation of log Apn(f) curve
8(fo) threshold value for the stability condition oa(f) < 8(f;)
Threshold values for o;and ca(fy)
Freg.range [Hz] <0.2 02-05 0.56-1.0 1.0-20 >2.0
&{fo) [Hz] 0.251; 0.2 0.15f, 0.10 f, 0.05f,
0(fy) for aalfy) 3.0 2.5 2.0 1.78 1.58
Log 0(fy) for ciegunifo) 0.48 0.40 0.30 0.25 (.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO* Grilla
eologla HVSR20A

Territoriale

www.geo55.com

RAVENNA - n. 6

Channel labels: NORTH SQUTH; EAST WEST: UP DOWN
GPS data not available

Trace length:  0h20'00". Analyzed 83% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HAVY 5t 0.94 0.1 Hz (in the range 0.0 - 200 Hz)

7 : : : B

-~
AH

fequency Hg

H/V TIME HISTORY DIRECTIONAL H/V

mia




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla
“Geologia
Territoriale

Www.qeods com

SINGLE COMPONENT SPECTRA

0t

167

zH ; (spuw)

“+ . .
W% 3

frequency Ha




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO® Grilla

Territoriale
wiww. geosh com

EXPERIMENTAL V8. SYNTHETIC HNV

Mar. HAV a1 084 £ C.11 Hz {in tha rangs 0.0 - 20.0 Hz)

e AyElaga HY
7 . . . . . . .. . Surineds HAC

AlH

1
0!11 : : 1 frequancy ‘ 10
bepth at the bottom of the layer Thickness [m] Vs [mis]
[m]
0.40 0.40 100
10.40 10.00 195
24.40 14.00 185
29.40 5.00 250
53.40 24.00 290
95.40 42.00 360
inf. inf. 450

Vs(0.0-30.0)=196m/s




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla
eologia

Territoriale
www.geo55.com
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

* Societa di TROMINO® Grilla

eologia
Territoriale

www.geosb.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.)

Max. H/V at 0.94 + 0.11 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L, 0.94 > 0.50 OK

n(fo) > 200 937.5> 200 OK
calf) < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded 0 out of 46 times O
oalf) < 3 for 0.5f; < f < 2f; if f, < 0.5Hz

Criteria for a clear HVSR peak
[At teast & cut of 6 should be fulfilled]

Exists f in [fo/d, fol [ Aundf )} < Agl 2 NO
Exists f' in [fy, 4F,] | Aunlf’) < Agl 2 1.844 Hz K
Ag>2 1.83>2 NO
focaclAnn(l) £ oA}l =fo 2 6% [0.06033] < 0.05 NO
o < &(fy) 0.05656 < 0.14083 K
aaffa) < B(fa) 0.1168 < 2.0 G
[ window length
Ny, number of windows used in the analysis
Ne = Ly Ny o number of significant cycles
f current frequency
fo H/V peak frequency
ot standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition o; < &{fg)
A H/V peak amplitude at frequency f,
Anndf) H/V curve amplitude at frequency f
f~ frequency between /4 and f; for which Aua(f ) < Ay/2
£* frequency between f, and 4f, for which Aun(f*) < Ay/2
ca(h) standard deviation of Aun(f), oa(f) is the factor by which the mean Apn(f) curve should
te multiplied or divided
Sioghv(f) standard deviation of log Auw(f) curve
B(fy) threshold value for the stability condition oa(f) < 6(fy)
Threshold values for oand oa{fo)
Freq.range [Hz] <02 0.2-05 0.6-1.0 1.0-2.0 >2.0
s(fp) [H2] 0.251 0.2 f 0.15 f, 0.10 fp 0.05 f,
O(fo) for oalfa) 3.0 2.5 2.0 1.78 1.58
Log 6{fs) Tor oiegrnlfo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilia

HVSR21A www.tromino.it

RAVENNA -n. 7

GPS data not available

Trace length:  0h20°00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HVSR at 8,31 £ 0,02 Hz. (in the range 00 - 64 0 Hz).

7 S R s b L verage VI

¢

k-
MFH

l353,1
freguency [Hz)

HNV TIME HISTORY DIRECTIONAL H/V

101

Hz

ik

L S .3 I = B B = = B

10!

0D 2 4 6 8 101214 16 18 20
min

—

0° 45 ©0°  135° 180°0
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TROMINO® Grilla

www.tromino.it
SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www . trontino.it

EXPERIMENTAL VS. SYNTHETIC HV

Max. HVSR at 0,31 £ 0,02 Hz. (in the range 0,0 - 84 8 Hz).

8 - - —
7 LUl | Average HN |

S L L ByntneticHy ]
5 : Lo

o ‘ -
4 i . S
- ? =
2 2
1 = : |
041 1 10
frequency {Hz]
Depth at the bottom of the layer Thickness [m] Vs [mis]

[m]

0,30 0,30 130

3,30 3,00 167

10,30 7.00 180

16,30 6,00 167

22,30 6,00 170

28,30 6,00 180

49,30 21,00 280

69,30 20,00 250

inf. inf. . 290

Vs30=177 mls
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www . fromino.it
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www. tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. HVSR at 0,31 £ 0,02 Hz. {in the range 0,0 - 64,0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fa>10/L,, 0,31 > 0,50 NO
n.{fp) > 200 375,0 > 200 K

oaff) < 2 for 0.5f, < f < 2f; if T, > 0.5Hz Exceeded 0 cutof 16 times OK

oaff) < 3 for 0.5, < f < 2f; if f, < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/4, fo] | Apnlf ) < Apl 2 0,188 Hz OK
Exists ' in [fy, 4f,] | ApnlfT) < Ao/ 2 NO
Ag> 2 1,61>2 NO
foeak[Ann(f) * aalf)] = fo 5% [0,03802| < 0.05 UK
o; < g{fy) 0,01219 < 0,0625 OK
calfo) < 0(fo) 01474 <25 O
Lw window length
My number of windows used in the analysis
e = Ly Ny fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
e(fo) threshold value for the stability condition oy < &(f;)
H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f~ frequency between /4 and f, for which Ap(f ) < Ag/2
fr frequency between f, and 4f, for which Aun(f 7} < Ag/2
aa(f) standard deviation of Aun(f), oalf) is the factor by which the mean Ay(f) curve should
be multiplied or divided
Siogrnv(f) standard deviation of log Aun(f) curve
8i(fo) threshold value for the stability condition ca(f) < 0(f;)
Threshold values for orand oa{fg)
Freq.range [Hz] <0.2 02-05 0.5-1.0 1.0-20 >2.0
g{fo) [Hz) 0.25 1, 0.2f, 0.15 fy 0.10 fy 0.05 fy
6(fy) for calfa) 3.0 2.5 2.0 1.78 1.58
Log 8(fq) for olagna(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di HVSR22A TROMINO® Grilla

Territoriale
www.geobs. com

RAVENNA —n, 32

Channel labels: NORTH SOUTH; EAST WEST:; UP DOWN
GPS data not available

Trace length:  0h20'00", Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max R st 172 20,18 Hz. {atha range 0.0+ 200 Hz)

7 . . : : } ~ Aviragz BV

AlH

frequancy [FE

HV TIME HISTORY DIRECTIONAL H/V
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Societa di TROMINO® Grilla
£1%Geologia

Territoriale
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

_Societa di TROMINO® Grilla

Territoriale
www.geoss.com

EXPERIMENTAL VS. SYNTHETIC HNV

Max MWV 2t 172 £0.16 Hz. fnthz tange 0.0 20.0 Ha)

1

] . P H :

2 .

. e
EI|11 : - B N —
Depth at the bottom of the layer Thickness [m] Vs [m/s]

[m]
0.40 0.40 50
9.00 8.60 109
24.00 15.00 185
49.00 25.00 260

Vs(0.0-30.0)=157m/s
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Societa di TROMINO® Grilla
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Territoriale
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

T Societa di TROMINO® Grilla

Territoriale
AW, 09055. com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.)

Max. H/V at 1.72 £ 0.16 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L,, 1.72 > 0.50 OK

ne(fy) > 200 2082.5> 200 OK
oalf) < 2 for 0.5f; < f < 2fy if f, > 0.5Hz Exceeded 0 cut of 84 times OK
aal(f) < 3 for 0.5y < f < 2, If f; < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f"in [fo/4, fo] | Aun(f) < Agf 2 NO
Exists £ in [fo, 4f5] | Aunlf ) < Ao/ 2 3.094 Hz OK
Ag > 2 1.72> 2 NO
fpeak[Anndf) * calf)] = fo 2 5% [0.0451} < 0.05 oK
o; < s(fy) 0.07752 < 0,17188 OK
oa(fo} < 6(fy) 0.0957 < 1.78 OK
L, window length
Ay number of windows used in the analysis
n.=L,nH number of significant cycles
f current frequency
fo H/V peak frequency
ot standard deviation of H/V peak frequency
&(fo) threshold value for the stability condition o < &{fy)
Ag H/V peak amplitude at frequency fy
Al H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Apa(f ) < Ag/2
f* frequency between f; and 4f, for which Apn(f '} < Ag/2
calf) standard deviation of Aun(f), oaff) is the factor by which the mean Au(f) curve should
be multiplied or divided
Slogv() standard deviation of log ApaAf) curve
a(fy) threshold value for the stability condition ca(f) < 0(f,)

Threshold values for orand oa(fy)

Freq.range [Hz] <0.2 0.2-05 0.5-10 1.0-20 >2.0
&(fo) IHZ] 0261, 0.2 1, 0.15 1, 0.10 1%, 0.05 fa
B(fy) for oalfo) 3.0 25 2.0 1.78 1.58
Log 8{fc) for oaqrn(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

I* Societa di AVSR23A TROMINO® Grilla

Territoriale
www.geo5h.com

RAVENNA —n. 2

Channel l[abels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length:  Gh20'00". Analyzed 88% trace (manual window selection)

Sampling frequency: 128 Hz
Window size: 20 s

Smoothing window: Triangular window
Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max, HY a1 19.97 £ 228 Hz (nthe rangz 0.0 - 200 Hz}

: . :
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*'F  Societa di TROMINO® Grilla
+>"Geologia
Territoriale
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SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

Territoriale
www.qeobb.com

EXPERIMENTAL V8. SYNTHETIC H/V

Max. HA at 19.97 +£2.28 Hz (in the ranga 0.0 - 20.0 Hz).

7 P Gyrthess W | ©

AIH

UlJ.1 1 fequency ] 10
Depth at the bottom of the layer Thickness [m] Vs fm/s]

[m]

0.18 0.18 32
0.568 0.40 68
1.38 0.80 100
3.38 2.00 145
8.38 5.00 170

14.38 6.00 245

24.38 10.00 290

61.38 37.00 370
inf. inf. 550

V/s(0.0-30.0)=219m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Socleta di TROMINO* Grilla
eologia
Territoriale

www.geoss.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual hefore
interpreting the following tables.]

Max. H/V at 19.97 * 2.28 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/1L, 19.97 > 0.50 O

ne{fe) > 200 21166.9 > 200 Ok
oalf) < 2 for 0.5f, < f < 2§, if f; > 0.5Hz Exceeded 0 outof 960 times 8144
oalf) < 3 for 0.5f, <f< 2§ if f; <0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fo/d, fo] | Aunlf} < Agl 2 10.094 Hz #]31
Exists f™ in [fy, 45,1 | Ayplf’) < Ag/ 2 NO
Ag>2 251>2 OK
Foeax[Aundf) £ oalf)] = fox 5% [0.05637| < 0.05 NO
o; < &{fy) 1.12564 < 0.99844 NO
oalfo) < 8{f) 0.0916 < 1.58 O
Ly window length
Ny number of windows used in the analysis
Ne = Ly Ny fo number of significant cycles
f current frequency
fo H/V peak frequency
o standard deviation of H/V peak frequency
e(fo) threshold value for the stability condition o < &{f;)
Ay H/V peak amplitude at frequency f,
Aundf) H/V curve amplitude at frequency f
f~ frequency between fp/4 and f; for which Apn(f7) < Ao/2
fr frequency between f, and 4f, for which Ap{f ') < Ay/2
oalf) standard deviation of Ay(f), oalf) is the factor by which the mean Apa{f) curve should
be multiplied or divided
SrogrviT) standard deviation of log Apn{f} curve
B(fo) threshold value for the stability condition oa(f) < 0(fs)

Thireshold values for orand calfo)

Freg.range [Hz] <0.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
g(fa) [Hz] 0251 0.2 1 0.15 1, 0.10 1, 0.05f,
6(fo) for oalfo) 3.0 2.5 2.0 1.78 1.58
Log 6{fy} for cwaun(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di HVSR24A TROMINO® Grilla

eologla
Territoriale

www.geobs com

RAVENNA — N. 1

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace iength:  0h20'00", Analyzed 75% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 188 + 021 H (in tha ranga 0.0- 200 Hz).

= Rr2i3gs Y.

frequency ]

H/A TIME HISTORY DIRECTIONAL H/V

min
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SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINOY Grilla

T Societa di

“Geologia

Territoriale
www.geobb.com

EXPERIMENTAL VS. SYNTHETIC HNV

Max HAV 20183 £021 Hz (in the range 0.0 - 220 Hz).

. . o RYE1308 15
7 X N A . . LN - . e SyTitHETE HY

frequency [H

Depth at the bottom of the layer Thickness [m] Vs [mis]
fm]
0.40 0.40 50
1.60 1.20 93
6.10 4.50 133
12,10 6.00 170
25,10 13.00 240
57.10 32.00 350
69.10 12,00 470
132.10 63.00 520
154.10 22.00 630
inf. inf. 720

Vs(0.0-30.0)=190m/s
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[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.}

Max. H/V at 1.88 £ 0.21 Hz. {in the range 0.0 - 20.0 Hz),

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L, 1.88 > 0.50 OK

ne(fy) > 200 1687.5 > 200 OK
oalf) < 2 for 0.5f; < f < 2f, if fy > 0.5Hz Exceeded 0 outof 91 fimes 0K
oaff) < 3 for 0.5f, < f < 2§, if f, < 0.5Hz

Criteria for a clear HVSR peak
[At least & out of 8 should he fulfilled]

Exists f in [fo/4, To] | Aun{f Y < Ag il 2 0.594 Hz OK
Exists £~ in [fy, 4%] [ Aun(f’) < Ag/ 2 3.408 Hz Al
Ag>2 273>2 OK
focax[Aun(f) = oaff)] = fo £ 5% [0.05398] < 0.05 NO
ot < gffo) 0.10121 < 0.1875 (9124
oalfo) < 8(f) 0.2633<1.78 (ke
Ly window length
My number of windows used in the analysis
Ne = Ly Ny fo number of significant cycles
f current frequency
fo H/V peak frequency
oy standard deviation of H/V peak frequency
&(fe) threshold value for the stability condition oy < (fo)
Ag HN peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f; for which Au(f ) < Ag/2
f* frequency between f; and 4f; for which Aun(f ) < Agl2
ox(f) standard deviation of Aun(R), oa{f} is the factor by which the mean Ayn{f) curve should
be multiplied or divided
Sioghn(f) standard deviation of log Ayw(f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fo)

Threshold values for o and ou{fo)

Freg.range [Hz] <0.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
&(fo) [HZ] 0.251; 0.21, 0.15 1, 0.10 1, 0.05 f,
Log 6(fo) for ojequn(fa) 0.48 0.40 0.30 0.25 0.20
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TROMINO® Grilla
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RAVENNA —n. 3

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size; 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. B ot 19.97 £ 211 Hz, fin tha rings G0 - 200 H2)

, : _

H/ TIME HISTORY DIRECTIONAL HV

SINGLE COMPONENT SPECTRA

0%

T/ {spw)

[[d

50%

3] 1 P 13
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

EXPERIMENTAL VS. SYNTHETIC HNV

Max HAV a1 19.97 £ 211 He. (nthe ranga D0- 200 Hz)

wasisens  Ryarage HY
e SyTtENE HY

AH

Depth at the bottom of the layer

[m]
4.00
20.00
67.00
inf,

frequency HY

Thickness [m]

4.00
16.00
47.00

inf.

Vs(0.0-30.0)=162m/s

Vs [mfs)

[w] yidan pejeunisy

Vs [mis]

80
160
280
430
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[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.)

Max. H/V at 18.97 £ 2.11 Hz. {in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[Al 3 should be fulfilled]

fo>10/L,, 19.97 > 0.50 Ok

ne(fy) > 200 23962.5 > 200 Sl
oalf) < 2 for 0.5f, < f < 2f; if f; > 0.5Hz Exceeded 0 out of 960 times O
oa{f) < 3 for 0.5, < f < 2f; if f; <0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fo/4, Tl | Aun{f ) < Ao/l 2 9.0 Hz 0K
Exists f in [fy, 4fo] | Aun(f ) < Ao/ 2 35.906 Hz OK
Ag>2 250>2 0%
foeaclAun(f) £ oalf)] = fo 5% [0.05226| < 0.05 NO
o1 < g{fy) 1.04364 < 0,99844 NO
oalfa) < 6{fo) 0.0587 < 1.58 O
L window length
Ny number of windows used in the analysis
Ne = Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
o standard deviation of H/V peak frequency
e{fo) threshold value for the stability condition o; < &(fo)
Ag H/V peak amplitude at frequency fo
AT H/V curve amplitude at frequency f
f~ frequency between fp/4 and f; for which Ap(f ) < Agf2
f* frequency between f, and 4f, for which Ayn(f ) < Ag/2
oalf) standard deviation of Aun(f), calf) is the factor by which the mean Agn(f) curve should
be multiplied or divided
Gioghne( ) standard deviation of log Aun(f) curve
0(fo) threshold value for the stability condition oa(f) < 6(fy)

Threshold values for o;and oa(fo)

Freg.range [Hz] <0.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
e(fo) [Hz] 0.251, 0.2 0.156 0.10 o 0.051,

8(fo) for oalfa) 3.0 2.5 2.0 1.78 1.58
Log 0(fg) for oeenn(fo) 0.48 0.40 0.30 0.25 0.20
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RAVENNA —-n. 8

Channel labels; NORTH SOUTH; EAST WEST: UP DOWN
GPS data not available

Trace length:  0h16'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smaoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV 21 66.53 £ 1.05 Hz (inthe ranga 0.0 64.0 Hz).

1 : : .
od 1 10

H/NV TIME HISTORY DIRECTIONAL H/V
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TROMINO® Grilla
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Territoriale  yyw.ae055.com

EXPERIMENTAL VS. SYNTHETIC H/V

Max. HAY at 8653 + 1.05 Hz (in the range 0.0- B4.0 Hz).

[r— YT
Smielic HY | -

o fraquaney i)
Depth at the hottom of the layer Thickness [m] Vs [mis]
(m]
0.23 0.23 50
1.03 0.80 123
1.53 0.50 175
2.53 1.00 189
7.53 5.00 230
11.53 4.00 180
27.53 16.00 220
45.53 18.00 370
57.53 12.00 400
99.53 42.00 440 L.
inf. inf. 830

Vs(0.0-30.0)=210m/s
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[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 56.53 + 1.05 Hz. (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fuliilled]

fo>10/L, : 56.53 > 0.50 Ok

n.{fe) > 200 54270.0 > 200 Ol
aalf} < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded 0 outof 1144 Ok
oalf) < 3 for 0.5f; < < 2§, if f; <0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fo/d, fo] | Aun{f ) < Ap/ 2 47.156 Hz OK
Exists T in [fy, 4fy) | Aun(f’) < Ag/ 2 NO
Apy> 2 3.56>2 (9134
fpeak{AHN(f) T oalf)] =2 5% 10.00911] < 0.05 114
o < g(fo) 0.51472 < 2.82656 835
aalfa) < 6{fg) 0.0706 < 1.58 O
Ly window length
Ny number of windows used in the analysis
Ne = Ly Ny fo number of significant cycles
f current frequency
fg H/V peak frequency
ot standard deviation of H/V peak frequency
() threshold value for the stability condition o < {f)
Ag H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Apn(f ) < Ag/2
f frequency between f, and 4f, for which Apn(f ) < Ag/2
aalf) standard deviation of Apn(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Grogrinv(F) standard deviation of log Aun(f) curve
(fo) threshold value for the stability condition oa(f) < 6({fo)
Threshold values for orand calfo)
Freq.range [Hz] <0.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
&(fo) [Hz] 0.25f, 021 0.15f; 0.10 1, 0.051%
B{fo) for oalfy) 3.0 2.5 2.0 1.78 1.58
Log 8(fo) for ojgunifo) 0.48 0.40 0.30 0.25 0.20
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RAVENNA —n. 9

Channel labels; NORTH SOUTH; EAST WEST: UP DOWN
GPS data not available

Trace length:  0h20'00", Analyzed 77% trace {(manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Maye, HY at 1.19£0 D5 Bz {inthe rsnge 00 - 210 Ha)

' .

ATH

H/NV TIME HISTORY DIRECTIONAL HV

2H/ ()




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO® Grilla
Geologia

Territoriale
www.geo55.com
EXPERIMENTAL VS. SYNTHETIC HV
Max. HAV a1 1.19 £0.05 Hz. (in the range 0.0 - 200 Hz)

8

y T aveseny

B

5

) 3

t'IJ.I . 1 frequency ] 19
Depth at the hottom of the layer Thickness [m] Vs [mis]

[m]

16.50 16.50 135

27.50 12.00 220

35.50 8.00 255

50.50 15.00 260

80.50 10.00 280
inf. inf. 340

Vs(0.0-30.0)=167m/s

e 20 300
T T T
A0t
20t
m
z
2} i
g
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[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 1.19 £ 0.05 Hz. (in the range 0.0 - 20,0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L, 1.19>0.50 OK

n(f;) > 200 1092.5 > 200 K
oalf) < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded 0 out of 58 times G
o4(f} < 3 for D.6f, < f < 2f; if f, < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fo/4, f] | Apnlf ) < Agf 2 0.594 Hz OR
Exists £ in [fy, 4f5] | Aun(f) < Ao/ 2 2.344 Hz oK
Ay >2 1.76>2 NO
freax[Aundf) £ oalf)] = fo £ 5% 0.01948] < 0.05 O
o1 < 8(f) 0.02311 < 0.11875 O
calfe) < B{f;) 0.0856 < 1.78 OK
Ly window length
Ny number of windows used in the analysis
N. = LyNyfo number of significant cycles
f current frequency
fa H/N peak frequency
o standard deviation of H/V peak frequency
&(fa) threshold value for the stability condition o; < &(fy)
Ay HNV peak amplitude at frequency f,
A H/V curve amplitude at frequency f
f- frequency between /4 and f, for which Apn(f ) < Ag/2
f* frequency between f, and 4f, for which Apn(f ') < Agf2
aal(f) standard deviation of Au(f), aal(f) is the factor by which the mean Apy(f) curve should
be multiplied or divided
Glogrin(F) standard deviation of log Ann(f} clurve
8{fo) threshold value for the stability condition ca(f) < 8(fs)
Threshold values for orand oa{fo)
Freg.range [Hz] <02 0.2-05 0.5-1.0 1.0-2.0 >2.0
&(fo) [Hz] 0251 021, 0.15f; 0.10 1, 0.05 1
B(fo) for aalfa) 3.0 2.5 2.0 1.78 1.58
Log 6(fo) for oiaannfo) 0.48 0.40 0.30 0.25 0.20
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RAVENNA —n. 10

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00", Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Msx. KV st 1.02 D03 Hz {nihe rmrgs 0.0 -200Hz)

. .

-
ATH
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EXPERIMENTAL VS. SYNTHETIC HA
Mar HV at 1.0 £0.03 Hz. (n1he rangs 0.0 - 20.0 Hz).
8 - - ; - — g
B o )
-1
F : 5

0.1 1 P—— 10
Depth at the bottom of the layer Thickness [m] Vs [mfs]

[m]

13.00 13.00 130

34.00 21.00 195

65.00 31.00 270

83.00 18.00 320
inf. inf. 385

Vs(0.0-30.0)=160m/s

190 200 EL 400
T T T T
10k
20
o]
m
&
A0k g
=
=
2
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2
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[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 1.0 % 0.03 Hz. {in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

f>10/L,, 1.00 > 0.50 G

n:(fo) > 200 1200.0 > 200 Ok
oalf) < 2 for 0.5, < f < 2f; if f, > 0.5Hz Exceeded 0 outof 49 times OR
oaff) < 3 for 0.5f < f < 2f, if f; < 0.5Hz

Criteria for a clear HVSR peak
fAt least 5 out of 6 should be fulfilled]

Exists f in [fo/4, fo] | Aunlf) < Ag/ 2 NO
Exists f* in [f, 4fs] | Aun(f’) < Ap/ 2 1.656 Hz G
Ayg>2 217 =2 O
focaxlAnn(f) & oa(f)] = fox 5% 10.01618] < 0.05 Ok
oy < g{fy) 0.01618 < 0.1 O
oalfa) < 6(fo) 0.1968 <178 OK
Ly window length
Ny number of windows used in the analysis
Ne = Ly Ny o number of significant cycles
f current frequency
fo H/V peak frequency
o standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition o < &(fy)
Ag H/V peak amplitude at frequency f,
Ao H/V curve amplitude at frequency f
f- frequency between fo/4 and f; for which Aun{f ) < A2
f* frequency between f, and 4f; for which Apn(f 1) < Ag/2
oalh) standard deviation of Ayy(f), oa(f) is the factor by which the mean Aund{f) curve should
be multiplied or divided
Oogrn(f) standard deviation of log Aua(f) curve
6(fo) threshold value for the stability condition oa(f) < 0(fg)
Threshold values for orand oalfo)
Freg.range [Hz] <Q.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
B(fy) for oalfs) 3.0 25 2.0 1.78 1.58
Log B(fo) for ojeernifo) 0.48 0.40 0.30 0.25 0.20




RAVENNA - n. 11

Channel! labels:

GPS data not available

ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

NORTH SOUTH; EAST WEST; UP DOWN

Trace length:  Gh20°00", Analyzed 95% trace {manual window selection)
Sampling frequency: 128 Hz
Window size: 20 s

Smoothing window: Triangular window
Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

-~ o0

LS I 75 B % s T = 7

Max. H/V at 1.0 £0.02 Hz. {in the range 0.0 - 20.0 Hz).

L
1
|

| e pygrage HV |0

. L
v 3

ATH

g
0.1

H/V TIME HISTORY

0 2 4 6 8 10 12 14 16 18 20
min

frequency {Hz)

M1 = o~ 0 WO

—
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EXPERIMENTAL VS. SYNTHETIC H/V

Max. HV at 1.0 +0.02 Hz. (in the range 0.0 - 20.0 Hz).

4 . . . . |
= — e LA b
. ; —— Synihetic HV |
3 ; L 1 L : R '
o T
2 o
j <
1 3
K 10
0.1 ! frequency [Hz}
Depth at the bottom of the layer Thickness [m] Vs [m/s]
[m]
0.30 0.30 80
1.50 1.20 200
6.50 5.00 120
15.50 8.00 180
23.50 8.00 200
33.50 10.00 230
53.50 20.00 290
73.50 20.00 330
inf. inf. 390

Vs(0.0-30.0)=177m/s
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[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 1.0 £ 0.02 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
TAll 3 should be fulfilled)

fa>10/1L,, 1.00 > 0.50 OK

ne{fe) > 200 1140.0 > 200 Ol
oalf) < 2 for 0.5f; < f < 2f, if f, > 0.5Hz Exceeded 0 outof 48 times QK
oalf) < 3 for 0.5f; < f < 2f, if f, < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fof4, fo] | Aun(f) < Apl2 NO
Exists ' in [fo, 4fo] | Auplf’) < A/ 2 2.406 Hz 0K
Ag>2 1.94>2 NO
fpeak[AHN(f) * oplf)] = fox 5% i001057| <0.05 14
o1 < &{fo) 0.01057 < 0.1 OK
O'A(fo) < G(fo) 0.1074 < 1.78 (134
Ly window length
M number of windows used in the analysis
Ne = Ly Ny o number of significant cycles
f current frequency
fa HV peak frequency
ot standard deviation of H/V peak frequency
&(fo) threshold value for the stability condition o < &(fo)
Ag H/V peak amplitude at frequency fo
Aun(H H/V curve amplitude at frequency f
f- frequency between fy/4 and f; for which Apn(f7) < Ag/2
i frequency between fy and 4f, for which App(f By < A2
calf) standard deviation of Aun(f), ca(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Sroghn(f) standard deviation of log Aun(f) curve
8(fo) threshold value for the stability condition ca(f} < 8(fo)
Threshold values for yand oa{fs)
Freq.range [Hz] <072 0.2-05 056-10 1.0-2.0 >2.0
&(fo) [HZ] 0.251, 0.2 f 0.15 1y 0.10 fg 0.05f,
B{fy) for oalfo) 3.0 2.5 2.0 1.78 1.58
Log 6(fg) for oeann{fa) 0.48 0.40 0.30 0.25 0.20
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RAVENNA - n. 33

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00", Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HY at 0.31 £0.08 Hz. {in the range 0.0 - 20.0 Hz).

| —— Averags AN |

0 . X N : ' [
0.1 1 10
frequency [Hz]

HV TIME HISTORY DIRECTIONAL H/V
3
A 8
10!
HT 2
6
' [
5 T
10°
4 1
3
3"_.5 ! &
02 46 81012141618 20 [ 1 e ope 195 180k

min
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SINGLE COMPONENT SPECTRA
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EXPERIMENTAL V8. SYNTHETIC HV

Max. HAY at 0.31 £ 0.08 Hz. (in the range 0.0 - 20.0 Hz).

4 . T
Average HNV |
== _Synthetic HV |.

a B

2

1

1 . : N . ' : L

0.1 1 10
freguency [Hz]
Depth at the bottom of the layer Thickness [m] Vs [m/s]
[m]
0.30 0.30 62
1.30 1.00 130
2.50 1.20 170
3.80 1.00 200
19.50 16.00 240
28.50 10.00 290
47.50 18.00 380
inf. inf. 510

Vs(0.0-30.0)=236m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.}

Max. H/V at 0.31 + 0.08 Hz. {in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/Ly 0.31>0.50 NO
n.{fy) > 200 375.0 > 200 OK

oulf) < 2 for 0.5f; < f < 2y if f, > 0.5H=z Exceeded 0 out of 16 times oK

oalf) < 3 for 0.5, < f < 2, if f, <0.5H=z

Criteria for a clear HVSR peak
[At least & out of 6 should be fulfilled]

Exists fin [fo/4, fo] [ Aalf ) < Ao/ 2 0.094 Hz OK
Exists T in_[fy, 4Tg] | Aunlf) < Ao/ 2 0.5 Hz 0K
Ay>2 218> 2 OK

Fooad Arvlf) £ Oalf)] = fok 5% 0.12496] < 0.05 NO
o, < &lfo) 0.03905 < 0.0625 OK
oalfo) < 6(f) 0.1743 <25 OK

L, window length
Ny number of windows used in the analysis
Ne = Ly Ny fo number of significant cycles
f current frequency
fo H/V peak frequency
oy standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition o; < &(fg)
Ag H/V peak amplitude at frequency fy
Apn(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f; for which Aga(f ) < Agf2
fr frequency between f, and 4f, for which Ag(f 7) < Agf2
an{f) standard deviation of Aun(f), oalf) is the factor by which the mean Ay (f) curve should
be multiplied or divided
Siogrrv(f) standard deviation of log Aun(f) curve
) threshold value for the stability condition oa(f) < 6(fo)
Threshold values for orand ca(fy)
Freg.range [Hz] < (0.2 0.2-05 0.5—-1.0 1.0-2.0 >2.0
g(fo) [Hz] 0.251, 0.2 1, 0.15 g 0.10 1, 0.05 fy
0(fo) for oalfo) 3.0 2.5 2.0 1.78 1.58
Log B{fq) for oeniv(fo) 0.48 0.40 0.30 0.25 0.20
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" Societa di TROMINO® Grilla
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Territoriale

www.geoss. com

RAVENNA - n. 36

Channe! labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analyzed 70% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Maz. BV 51 1957 £ 215 Hz. (n tha ranga 0.0 - 200 Hz)

Avstaga HY

0
G.i
! fraguandy [H 1o

H/ TIME HISTORY

Hz
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10!

0 2 4 B 8 1012 14 16 18 20 B
min
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SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
Societa di TROMINO® Grilla

eologia
Territoriale

www.geobb.com

EXPERIMENTAL VS, SYNTHETIC H/V

Max. HAV a1 1997 £215 Hz. (in the range 0.0 - 20.0 Hz)

0D.I { frzquzney I 10
Depth at the bottom of the layer Thickness [m] Vs [m/s]
m]
0.24 0.24 43
1.44 1.20 105
3.94 2.50 130
6.94 3.00 275
15.44 8.50 130
18.44 3.00 190
31.44 13.00 240
49.44 18.00 360
113.44 64.00 390
inf. inf. 600

Vs(0.0-30.0)=170m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

I Societa di
T Geologia
Territoriale
www.geobb.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual hefore
interpreting the following tables.]

Max. H/V at 19.97 £ 2.15 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled)]

f>10/L, 10.97 > 0.50 OK

ng{fy) > 200 16773.8 > 200 OK
oa(f) < 2 for 0.5f, < f < 2y if f; > 0.5Hz Exceeded 0 outof 960 times OK
oalf) < 3 for 0.5, < F< 2§, if f; < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fofd, To] | Ap(f ) < Apf 2 9219 Hz OK
Exists f* in [f, 45] | Aun(f7) < Agf 2 NO
Ag> 2 3132 OK
focak[Ann(f) + oa(] = fot 5% 10.05262| < 0.05 NO
o; < &(fy) 1.05086 < 0.99844 NO
aalfs) < 8(fo) 0.2038 < 1.58 OK
Ly, window length
Ny number of windows used in the analysis
Ne= Ly Ny fo number of significant cycles
f current frequency
fo H/V peak frequency
ay standard deviation of H/V peak frequency
s{fo) threshold value for the stability condition oy < &(fg)
Ag H/V peak amplitude at frequency fy
Aunlf) H/V curve amplitude at frequency f
f- frequency between fo/d and f; for which Aga(f ) < Ag/2
f* frequency between f; and 4f, for which Aun(f *) < Agf2
oalf) standard deviation of Aun(f), oa(f) is the factor by which the mean Ayy(f} curve should
be multiplied or divided
Ologrn(f) standard deviation of log Agn(f} curve
8(fo) thrashold value for the stability condition ca(f) < 6(fo)
Threshold values for gyand oa(fa)
Freg.range [Hz] <{Q.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
s(fy) [Hz] 0.251 0.2 1, 0.15 % 0.10 f, 0.05 f,
B{fo) for oalfq) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiqun(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

* T Societa di HVSR32A TROMINO® Grilla

eologia
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www.geoss.com

RAVENNA -n. 16

Start recording: 18/10/10 16:21:55 End recording:  19/10/10 16:41:55
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length.  0h20'00". Analysis performed on the entire frace.
Sampling frequency: 128 Hz

Window size: 20s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HY 5t 022 20,01 Hz (nthe range 8.0 - 200 Hz)

, L

-
AFH

}
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

” Societa di TROMINO® Grilla
eologia

Territoriale
www.gec55.com
EXPERIMENTAL VS. SYNTHETIC H/V
Max. HV a1 0.22 £0.01 Hz. {nthe range 00 - 20.0 Hz)
8 " N N N N : . .

AJH

00'1 ! frequancy K | . 1.0
Depth at the bottom of the layer Thickness [m] Vs [m/s]

fm]

0.40 0.40 60
2.40 2.00 120
8.40 6.00 160

27.40 18.00 240

70.40 43.00 340
inf. inf, 410

Vs(0.0-30.0)=203m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.)

Max. H/V at 0.22 £ 0.01 Hz. {in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled)

fo>10/L, 0.22 > 0.50 NO

ne{fy) > 200 262.5 > 200 OK

oalf} < 2 for 0.5% < f < 2, if f, > 0.5Hz Exceeded 0 out of 12 times OR

oal(f) < 3 for 0.5f, < f < 2, If fy < 0.5Hz
Criteria for a clear HVSR peak
[At least § out of 6 should be fulfilled)

Exists f"in [fo/4, fol | Aun(f) < Ag/ 2 0.094 Hz Ok

Exists ' in [fy, 4f5] ] Aun(fT) < Ay 1 2 0.531 Hz 0K
Ay>2 1.86>2 NO

fooaxlAuv(f) £ oal] = fo £ 5% [0.02662} < 0.05 0K

ot < &{fp) 0.00582 < 0.04375 OR

oalfo) < 6(fy) 0.11656 < 2.5 OK

Lw window fength
Py number of windows used in the analysis
Ne = Ly Ny fo number of significant cycles
f current frequency
fo H/V peak frequency
o standard deviation of H/V peak frequency
e(fo) threshold value for the stability condition o; < &{f)
Ao H/V peak amplitude at frequency f,
A HV curve amplitude at frequency f
f~ frequency between fo/4 and f, for which App(f ')} < Ay/2
f* frequency between fy and 4f, for which Apn(f ) < Ay/2
oa(f) standard deviation of Aun(f), sa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Ologhv{f) standard deviation of log Ayn/(f) curve
8(fo) threshold value for the stability condition onlf) < 6(f)
Threshold values for oyand ca(fy)
Freg.range [Hz] <0.2 02-05 0.5-1.0 1.0-2.0 > 2.0
s(fo) [Hz] 0.25f, 0.2 1, 0.15 1, 0.10 f, 0.05 1,
6(fg) for oalfy) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oequn(fe) 0.48 0.40 0.30 0.25 0.20
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RAVENNA - n. 15

Start recording: 22/06/10 16:53:55 End recording: 22/06/10 17.13:56
Channel fabels: NORTH SOUTH; EAST WEST: UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size; 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Hax BV at 091 084 Bz (ntharange 00. 150Hz)

T —

-
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teaqeency My o
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SINGLE COMPONENT SPECTRA
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EXPERIMENTAL VS. SYNTHETIC HV
Max. HAV st 0.91 £ 084 He. (Inthe renge 0.0- 15.0 Hz).

7 o

]

5

s =
<<

figquency fHa)

Depth at the bottom of the layer Thickness [m] Vs [mis]

fm]

0.30 0.30 75
3.00 2.70 160

13.00 10.00 220

31.00 18.00 200

76.00 45.00 280
inf. inf. 490

Vs(0.0-30.0)=198m/s

1o 200 300 400 500
T T T T T
A0F
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO® Grilla
eologia
Territoriale

wwiw.geo85.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 0.91 * 0.04 Hz. {in the range 0.0 - 15.0 Hz}.

Criteria for a reliable HVSR curve
[Al 3 should be fulfiled]

fo> 10/ Ly 0.91 > 0.50 OK

nq{fo) > 200 1087.5 > 200 OK
oalf) < 2 for 0.5F, <f< 2, if fo > 0.56Hz | Exceeded O outof 44 times OK
aalf) < 3 for 0.5f, < f < 2f, if f, < 0.5Hz

Criteria for a clear HVSR peak
[At least & out of 6 should be fulfifled]

Exists f in [fo/4, fo] | Aundf ) < Ag/f 2 0.25 Hz 0K
Exists f' in [fy, 4fo] | Apn(fT) < Ag/ 2 1.281 Hz O
Ag>2 216> 2 O
foca[Aun(l) £ calf)] = fo t 5% 10.02048| < 0.05 OK
o < &{f) 0.01856 < 0.13594 G
oaffo) < 8(f0) 0.148<2.0 OK
Ly window length
My number of windows used in the analysis
ne = Lynyfy number of significant cycles
f current frequency
fa H/V peak frequency
oy standard deviation of H/V peak frequency
s(fo) threshold value for the stability condition of < &(fg)
Ag HN peak amplitude at frequency fy
Apn(D) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Agy{f ) < Ag/2
fr frequency between fy and 4f, for which Aun(f 1) < Ay/2
aa(f) standard deviation of Aya(f}, calf) Is the factor by which the mean Agn(f) curve should
be multiplied or divided
Gtoghv() standard deviation of log Aua(f) curve
B(fo) threshold value for the stability condition oa(f) < 8(f)
Threshold values for orand oalfo)
Freg.range [Hz) <0.2 0.2-05 0.5-10 1.0-2.0 > 2.0
e(fy) [Hz] 0251, 0.2 0.15 %, 0.101, 0.05f,
0(fo) for oalfo) 3.0 2.5 2.0 1.78 1.58
Log 6(fo) for ciqrn(fa) 0.48 0.40 0.30 0.25 0.20
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RAVENNA - n. 19

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h16'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

MNax HA 513178 £284 Hz (inthe ranga 0.0 - E4.0 Hz).
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SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
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EXPERIMENTAL VS. SYNTHETIC HV

Max. HAY 2t 3178 £ 284 Hz. (nihe renge 00-B4.0 Hz)

. A : - Krerage HY
7 .. i : RN . I . PR A I

-
AJH

UD.! . 1 fsquzney M 10
Depth at the bottom of the layer Thickness [mi] Vs [m/s]

{m]

0.50 0.50 80
2.50 2.00 140
8.50 6.00 180

26.50 18.00 230
inf. inf. 330

Vs(0.0-30.0)=207m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
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www.qeosh.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 31.78 £ 2.64 Hz. (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

f>10/L, 31.78 > 0.50 oK

n.(fy) > 200 30510.0 > 200 OK

oalf) < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded 0 out of 1526 OK
oalf) < 3 for 0.5f, < f < 2f, if f; <0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fo/d, fol | Apn(f) < Ag/ 2 18.375 Hz OK
Exists £ in [fy, 4%] | Apnlf ) < Ao/ 2 41.188 Hz 0K
Ag>2 248>2 OK
foea[Annv(f) £ ca(f)] = ot 5% [0.04092] < 0.05 OK
o; < &{fy) 1.30049 < 1.58906 OK
oalfo} < 8{f) 0.122 < 1.58 oK
Ly window length
N number of windows used in the analysis
Ne = Ly Ny fo number of significant cycles
f current frequency
fo H/N peak frequency
ot standard deviation of H/V peak frequency
e{fo) threshold value for the stability condition o < (fp)
Aoy H/V peak amplitude at frequency fy
Apns(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Aun{f ) < A2
f frequency between f, and 4f, for which Aun(f *) < Ag/2
aa(f) standard deviation of Aun(f), oa(f} is the factor by which the mean Ay (f) curve should
he muliiplied or divided
Gogrirv(F) standard deviation of log Aun(f) curve
0(fo) threshold value for the stability condition ca(f) < 8(f;)

Threshold values for oyand oalfs)

Freq.range [Hz} <0.2 02-05 0.5-1.0 1.0-2.0 =20
e{fo) [Hz] 0.25f, 021 0.15f, 0.10 fo 0.05 f;
B{fq) for oalfo) 3.0 2.5 2.0 1.78 1.58
Log 6(fy) for oieqrun{fo) 0.48 0.40 0.30 0.25 0.20
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RAVENNA - n. 21

Channel labels: NORTH SQUTH: EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20°00". Analyzed 83% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10% .

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max HAY 5t 452 2 0 82 Hz. {in the rang2 00 - 20C Hy)
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SINGLE COMPONENT SPECTRA
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TROMINO® Grilla
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EXPERIMENTAL VS. SYNTHETIC H/V
Max. HV at 458 2002 Hz (inthe rangs 0.0- 0.0 Hz).
8
[}
5
3
2 ) . . .
00‘1 i frequernty (Mg "
Depth at the bottom of the layer Thickness [m] Vs [m/s]
[m]
0.22 0.22 52
8.62 8.40 130
12.82 4.00 390
32.82 20.00 210
147.62 115.00 290
inf. inf. 460

Vs(0.0-30.0)=185m/s
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[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 4.59 + 0.82 Hz. (in the range 0.0 - 20.0 Hz}.

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L, 4.58 > 0.50 OK

n.{fg) > 200 4593.8 > 200 O
calf) < 2 for 0.5f, <f < 2f; if fy > 0.5Hz Exceeded 0 out of 222 times OK
aa(f) < 3 for 0.5f, < f < 2f, if f; < 0.5Hz

Criferia for a clear HVSR peak
[At teast 5 out of 6 should be fulfilled]

Exists f'in [fo/d, fol | Aun(f ) < Agl 2 2.563 Hz 0K
Exists £ in [fo, 4f] | Aun(f ) < Aol 2 5.969 Hz OK
Ay > 2 125>2 NO
fooarlAulf) £ ca(fl =, 2 5% [0.08754] < 0.05 NO
ot < &(fy) 0.40213 < 0.22969 NO
calfa) < B(fa) 0.0389 < 1.58 OK
Ly window length
My number of windows used in the analysis
Ne = Ly Ny o number of significant cycles
f current frequency
fo H/V peak frequency
o standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition of < &(fy)
Ag H/V peak amplitude at frequency fy
Ann(f) H/V curve amplitude at frequency f
f~ frequency between f/4 and f, for which Agn(f ) < Ag/2
fr frequency between fy and 4f, for which Apa(f ) < A2
oal(f) standard deviation of Aun{f), oaff} is the factor by which the mean Aun{f) curve should
be multiplied or divided
Glogrn(f) standard deviation of log Agn(f) curve
B(fo) threshold value for the stability condition aa(f) < 8(fg)

Threshold values for ojand oa(fo)

Freg.range [Hz] <0.2 02-0.5 05-1.0 1.0-2.0 2.0
&{fo) [HZ] 0.25 1, 0.2% 0.15 f; 0.10f, 0.05 f,
B(fo) for oalfa) 3.0 2.5 2.0 1.78 1.58
Log 8(fo) for Guguntio) 0.48 0.40 0.30 0.25 0.20
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RAVENNA —n. 20

Channel lahels: NORTH SCUTH; EAST WEST,; UP DOWN
GPS data not available

Trace length:  Oh16'00". Analyzed 75% trace (manual window selection)
Sampling frequency; 128 Hz

Window size: 20s e
Smoothing window: Triangular window
Smoothing: 5%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max HA 51225+ 183 Hz (inths range 00-E40 Hz)
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

' Societa di
I—Geologia

Territoriale
www.geob5.com
EXPERIMENTAL VS. SYNTHETIC HV
Max. HV 31 2725+ 1.83 H2 (inthe rang3 0.0 - 850 Hz).
8

ATH

0
o1 ! frequancy (Hz
Pepth at the bottom of the layer Thickness {m] Vs [mfs]
[m]
0.45 0.45 75
0.95 0.50 125
3.95 3.00 145
11.95 8.00 130
21.95 10.00 255
36.95 15.00 260
inf. inf. 310

Vs(2.0-32.0)=196m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

- Societa df TROMINO® Grilla

Territoriale
www.geobb.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 2.25 £ 1.83 Hz. (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L, 2.25 > 0.50 OK

n(fo} > 200 1620.0 > 200 OK
oalf) < 2 for 0.5f, < f < 2fy if f, > 0.5Hz Exceeded 0 out of 109 times Ok
oal(f) < 3 for 0.5f, < f < 2fy if f; < 0.5Hz

Criteria for a clear HVSR peak
[Al least 5 out of 6 should be fulfilled]

Exists f in [fu/4, fo] | Au(f) < A/l 2 1.166 Hz OK
Exists ' in [fy, 4f5] | Aun(f ) < Al 2 3.406 Hz 0K
Ap> 2 206>2 OK
toealAryy(f) £ oa(f)] = ot 5% [0.39422] < 0.05 NO
or < &{fy) 0.887 <0.1125 NO
oalfs) < 6(f) 0.2135 < 1.58 OK
Ly window fength
Ny number of windows used in the analysis
Ne = Ly Ny fo number of significant cycles
f current frequency
fo H/V peak frequency
Ot standard deviation of H/V peak frequency
&(fo) threshold value for the stability condition oy < &{fg)
Ag H/NV peak amplitude at frequency f;
Ann(f) H/V curve amplitude at frequency f
f- frequency hetween fo/4 and f, for which Ayn(f ) < Ag/2
i frequency between f, and 4f, for which Agn(f ) < Ay/2
oalh standard deviation of Aun(f), oa(f) is the factor by which the mean Aga(f) curve should
be multiplied or divided
Giogrn(F) standard deviation of log Apn(f) curve
B(fo) threshold value for the stability condition aa(f) < 8(f)
Threshold values for gyand oalfq)
Freg.range [Hz] <0.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
e(fy) [Hz] 0.25f, 021 0.151, 0.10 1, 0.05 fy
0{fo) for oa(f) 3.0 25 2.0 1.78 1.58
Log 6(fq) for oeenn(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di HVSR37A TROMINO® Grilla

Territoriale
www.geobb.com

RAVENNA —n. 34

Channel labels: NORTH SOUTH;, EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20°00". Analyzed 88% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smocthing window: Triangular window

Smogcthing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV at 20 £ 4.95 Hz (inthe range 00 - 64.0 Hz}

: o . : Arztage HY

AH

o .
3 1 10
o1 frequerey [Ha

HV TIME HISTORY DIRECTIONAL H/V
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

Societa di
“Geologia

Territoriale
www. geob5.com
EXPERIMENTAL VS. SYNTHETIC H/V
Max. HV 3t 22.0 £ 405 Hz {in ths range G0 - G40 Ha)
g
7 S R Lo RIS IR Afjg;’m

0 . .
1 1 10
e frequncy [z

Depth at the bottom of the layer Thickness [m] Vs [m/s]

fm]

0.30 0.30 45
1.70 1.40 80
4,60 2.90 140
8.10 3.50 120

20.10 12.00 205

28.10 9.00 230
inf. inf. 300

Vs(0.0-30.0)=172m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

T Societa di
F=1>“Geologia
Territoriale
WWW.QGO55.COIT?

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 29.0 + 4.05 Hz. (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fuifilled]

fo>10/L, 29.00 > 0.50 OK

ne{fs) > 200 30740.0 > 200 OK
oplf} < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded 0 outof 1393 0K
oa(f) < 3 for 0.5f; < f < 2f, if f; < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled}

Exists f in [fo/4, fo] | Auv(f) < Agl 2 25469 Hz OK
Exists ' in [fy, 4fs] | Aun(f’) < Ao/ 2 49,531 Hz oK
Ag>2 483>2 OK
fpealArv(f) £ oa(P] = fox 5% |0.06886( < 0.05 NO
oy < g{fy) 1.99686 < 1.45 NO
oalfe) < Bifo) 0.4047 < 1.58 OK
Ly window length
Ny number of windows used in the analysis
Ne = Ly Ny o number of significant cycles
f current frequency
fo H/V peak frequency
o standard deviation of H/V peak frequency
e(fo) threshold value for the stability condition o < g(fo)
Ao HN peak amplitude at frequency f,
Annih H/V curve amplitude at frequency f
f- frequency between fo/4 and f;, for which Aga{f 7} < Ag/2
i frequency between f, and 4f, for which Aun(f ) < Ay/2
oa(f) standard deviation of Agn(f), ca(f) is the factor by which the mean Ayn(f) curve should
he multiplied or divided
logrv(f) standard deviation of log Ayn(f) curve
8(fo) threshold value for the stability condition ca(f} < 8(fy)
Threshold values for o;and oalfo)
Freq.range [Hz] <0.2 02-0.5 0.5-1.0 1.0-2.0 >2.0
0(fo) for oalfa) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oqun(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

T Societa di HVSR38A TROMINO® Grilla

Territoriale
www.geo55.com

RAVENNA - n. 18

Channel labels: NORTH SOUTH; EAST WEST, UP DOWN
GPS data not available

Trace length:  0h20'00". Analyzed 92% trace {(manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 5%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

hax. HA & 0.75 £0.03 Hz (n the ranga 0.0 - 20.0 Hzj

)

AfH

. I
04 1 besuzner b 1
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla

Territoriale
www.geass.com

EXPERIMENTAL VS. SYNTHETIC H/V

Mzr. B 51 0.75 £ 003 Hz (n the range 0.0« X1.0 Hz)

Avstage HY

7 PR e e D : . P . Sprthatic HY | ©

AFH

UM 1 feapency 14 10
Depth at the bottom of the layer Thickness [m] Vs [mis]

[m]

0.30 0.30 80
3.30 3.00 165

19.30 16.00 180

31.30 12.00 270
inf, inf. 305

Vs(0.0-30.0)=198m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla

Territoriale
Www.geo 55.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual hefore
interpreting the following tables.]

Max. H/V at 0.75 £ 0.03 Hz. {in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 shouid be fulfifled]

fo>10/7L, 0.75 > 0.50 OK

ne(f) > 200 825.0 > 200 OK
oalf) < 2 for 0.5F, < f < 2, if f, > 0.5Hz Exceeded 0 out of 37 times oK
op{f) < 3 for 0.5f, <f < 2, if f; < 0.5Hz

Criteria for a clear HVSR peak
fAt least & out of 6 should be fulfilfed]

Exists f in [fo/d, ol | An(f) < Ap/ 2 NO
Exists f in [y, 4f] | Aunl(f) < Ao/ 2 1.408 Hz OK
Ap> 2 1.93>2 NO
FooaclAnn(f) * oa(D)] = fo 2 5% |0.02299] < 0.05 OK
ot < g(fy) 0.01724 < 0.1125 OK
O'A(fo) < e(fg) 0.1696 < 2.0 OK
Ly window length
My number of windows used in the analysis
n. = Lynyfy number of significant cycles
f current frequency
fo H/V peak frequency
oy standard deviation of H/V peak frequency
g(fa) threshold value for the stability condition of < &{fy)
Ay HN peak amplitude at frequency fy
Aand) H/N curve amplitude at frequency f
f- frequency between /4 and f; for which Apn(f ) < Agl2
f* frequency between f, and 4f, for which Apn({f ) < Ay/2
calf) standard deviation of Agn(f), oa(f) is the factor by which the mean Apn(f) curve should
be multiplied or divided
Grogrin(f) standard deviation of log Aun(f) curve
0(fe) threshold value for the stability condition ca(f) < 6(fy)

Threshold values for orand oa(fo)

Freq.range [Hz] <0.2 0.2-05 05-1.0 1.0-2.0 >2.0
s(fo) [Hz] 0.25 fy 0.2f, 0.151, 0.10 g 0.05 f,
B(fo} for oalfo) 3.0 25 2.0 1.78 1.58
Log 6{f) for cioqun(fa) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSR39A TROMINO® Grilla

T Societa di
F=Geologia
Territoriale

www.geobh.com

RAVENNA —n. 23

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h09'48". Analyzed 86% trace (manual window selection})
Sampling frequency: 128 Hz

Window size: 20 s

Smeothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV 3t 1263 2087 Hz (inthe ranga 00 - MDD Hz)
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla
eologia

Territoriale
www. (Je085.c0im
EXPERIMENTAL VS, SYNTHETIC HV
Wax, HA 51 1983 £ 087 Hz {nihersnge DO- 200 Hz)
3
7 R . . . . : : L L P e T A":'jf:fg‘,
[
5

Dm : ! frequenw[H.ﬂ o
Depth at the bottom of the layer Thickness [m] Vs [m/s]

[m]

0.55 0.55 52
2,55 2.00 115
4,55 2.00 145

19,55 15.00 185

39.55 20.00 260
inf. inf. 300

Vs(0.0-30.0)=184m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

_Societa di TROMINO® Grilla

Territoriale

www.geobb.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 19.69 % 0.87 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled)

fo>10/L, 19.69 > 0.50 OK

ng{fs) > 200 9843.8 > 200 DK
oalf} < 2 for 0.5f;, < f < 2§, if f; > 0.5Hz Exceeded 0 out of 946 times OK
oalf) < 3 for 0.5f; < f < 2f, if f, < 0.5Hz

Criteria for a clear HVSR peak
[At teast 5 out of 6 should be fulfilled)

Exists f in [fo/d, fo] | Aun(f) < Ag/ 2 NO
Exists f*in [f,, 4fo] | Aun(f) < Ag/ 2 41,813 Hz OK
Ap>2 1.87>2 NO
foeaklAun(f) * ca(f)] = fo £ 5% 10.02105] < 0.05 OK
or < g(fy) 0.41434 < 0.98438 OK
oalfe) < B{f,) 0.0685 < 1.58 OK
Ly window length
n, number of windows used in the analysis
Me = Ly Ny fy number of significant ¢cycles
f current frequency
fa H/V peak frequency
oy standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition o < &{f)
Ay H/V peak amplitude at frequency f,
A H/V curve amplitude at frequency f
f- frequency between fp/4 and f, for which Auy(f ) < Ay/2
f frequency between fy and 4f, for which A (f *) < Ay/2
oalf) standard deviation of Ay(f), ca(f) is the factor by which the mean Auu(f) curve should
be multiplied or divided
Ologrnv(f) standard deviation of log Apa(f) curve
B(fo) threshold value for the stability condition () < 8(fo)
Threshold values for orand oa(fs)
Freq.range [Hz) <0.2 0.2-05 0.5-1.0 1.0-2.0 > 2.0
&(fo) [HZz] 0.25 1, 0.2 f, 0.151f 0.10 fo 0.05 f,
8(fo) for oa(fa) 3.0 2.5 2.0 1.78 1.68
Log B{fo) for owuenndfo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSR40A TROMINO® Grilla

www.lromino.it

RAVENNA —n. 23

GPS data not available

Trace length;  0h20'00", Analyzed 85% trace {manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HVSR at 41 47 £ 033 Hz. finthe range 00 - 64,0 Hz).

o [=eeev !

I ~

o

|

frequency [Hz]

H/NV TIME HISTORY DIRECTIONAL HNV

01

Hz

108

ROk = m Y ~ D @

L]
o]

0 2 4 6 8 1012 14 16 18 20 |§
min

—




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

EXPERIMENTAL VS, SYNTHETIC H/V

Max. HVYSR at 41 47 £0,33 Hz. (in the range 0,0 - 64,0 Hz).

8 ‘
7 weer AYERIAGE HV |
= Sunithetic HN
8 R : A [
]
4
2 .
1 .
U ' | . ) . . . . . : N L
0.1 ' 1 11
frequency [Hz}
Depth at the bottom of the layer Thickness [m)] Vs [mis]
[m]
1.50 1.50 65
7.00 5.50 110
17.00 10.00 180
27.00 10.00 230
39.00 12.00 260
77.00 38.00 270
197.00 120.00 440
inf. inf. 530

Vs(0.0-30.0)=163m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. HVSR at 41,47 % 0,33 Hz. (in the range 0,0 - 64,0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L, 41.47 > 0.50 OK

ne{fe} > 200 42298.1 > 200 OK
oalf) < 2 for 0.5f, < f < 2f; if f, > 0.5Hz Exceeded 0 outof 1386 OK
aalf) < 3 for 0.5f, <f < 2fy if f, < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of & should be fulfilled]

Exists f in [fo/d, fo] | Aupdf ) < Agl 2 37.031Hz OK
Exists T in [f,, 4f] | Auyn{f’) <A/ 2 50.25 Hz OK
Ag>2 586> 2 0K
foeax[Aun(f) £ aalD] = fox 5% j0.00394| < 0.05 OK
ot < s{fy) 0.16319 < 2.07344 OK
oalfo) < Bifo) 0.6008 < 1.58 OK
Lo window length
Ny number of windows used in the analysis
Ne = Ly Nw o number of significant cycles
f current freguency
fo H/V peak frequency
o standard deviation of H/V peak frequency
elfo) threshold value for the stability condition o; < &(fp)
Ao H/V peak amplitude at frequency fo
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Aun{f ') < Ag/2
f frequency between f, and 4f, for which Aun(f *) < Agf2
an(f) standard deviation of Ay (f), oa(f} is the factor by which the mean Aqn(f) curve should
be multiplied or divided
Orogr( ) standard deviation of log Agn(f) curve
0(fo) threshold value for the stability condition ca{f) < 8{fo)
Threshold values for orand o(f)
Freg.range [H?] <{.2 0.2-05 05-10 1.0-2.0 > 2.0
&{fo) [HZ] 0.25 1, 0.21, 0.15f, 0.10 fg 0.05f,
0(fo) for aalfo) 3.0 2.5 2.0 1.78 1.58
Log e(fn) for UIOQHN(fD) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO® Grilla
eologia
Territoriale

www.geobb.com

RAVENNA —n. 25

Channel labels: NORTH SOUTH; EAST WEST,; UP DOWN
GPS data not available

Trace length:  0h20'00". Analyzed 90% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max HAY st 144008 He (nthe rarge 0.0 -200 Hz)

7 - . .

DIRECTIONAL HV

SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla

eologia
Territoriale

www.geobs.com

EXPERIMENTAL VS. SYNTHETIC H/V

Max HAV &1 1.44 £003 Bz, Gn thz range 0.0 - 20.0 Hz)

Fritags IV

—_— OEREIHY

requancy iz
Depth at the bottom of the layer Thickness [m] Vs [m/s]
[m]
0.18 0.18 42
0.68 0.50 105
2.68 2.00 140
5.68 3.00 160
16.68 11.00 130
31.68 15.00 220
inf. inf. 280

Vs(0.0-30.0)=160m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla
eologia
Territoriale

www.gechb.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 1.44 £ 0.03 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
Al 3 should be fulfilled]

fo>10/L,, 1.44 > 0.50 OK

ne{fe} > 200 1552.5 > 200 OK
oalf) < 2 for 0.5 < f < 2f; if f, > 0.5Hz Exceeded 0 out of 70 times OK
oalf) < 3 for 0.5, <f < 2fy if fy < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fo/4, fo] | Aunlf) <Agl2 0.906 Hz OK
Exists f in [fy, 4f5] | Aun(f’) < Ao/ 2 2.166 Hz OK
Ag>2 207>2 OK
fooafAun{f) £ oa(f)] = fo £ 6% |0.01165] < 0.05 OK
or < elfo) 0.01675 < 0.14375 OK
oalfe) < 6(fo) 0.1203 <1.78 OK
L, window length
Ny number of windows used in the analysis
ne = LN fo number of significant cycles
f current frequency
fo H/V peak frequency
oy standard deviation of H/V peak frequency
e(fq) threshold value for the stability condition or < &(fo)
Ag H/V peak amplitude at frequency fy
Ann(h) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Aun(f ') < Ag/2
fr frequency between f, and 4f, for which Ay(f ¥) < Ag/2
oalf) standard deviation of Aun(D), calf} is the factor by which the mean Aun(f) curve should
he multiplied or divided
Ologrv(f} standard deviation of log A (f) curve
B(fa) threshold value for the stability condition oa(f} < 6(f;)

Threshold values for oyand oalfo)

Freg.range [Hz] <0.2 0.2-05 05-1.0 1.0-2.0 >2.0
g(fo} [HZ] 0.25 1, 0.2 f 0.156 1y 0.10 1, 0.05 1
0(fo) for calfo) 3.0 2.5 2.0 1.78 1.58
Log 6{fg) for ougann(fa) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSR42A TROMINO® Grilla

www.tromino. it

RAVENNA - n. 24

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analyzed 82% trace {manual window selection)
Sampling frequency. 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Wsx. HAV 51 683 £ 05 Hz, [inlhe rarga 00 - 200 Hz)

——— Avalage HY

-
AlH

0 : .
. 1 10
o #equancy (Hy

HV TIME HISTORY DIRECTIONAL HV
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TROMINO® Grilla
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.tromino. it

EXPERIMENTAL VS. SYNTHETIC HV

Wlax, WY 5t EB3 + BB Hz (intharange 0.0- 200 Ha}

Arerage HY
r— SyRiREGCHY | .

AH

uDJ 1 fequency e . 10
Depth at the bottom of the layer Thickness [m] Vs [m/s]

[m}

0.23 0.23 50
3.23 3.00 118

10.23 7.00 220

22.23 12.00 230

28.23 6.00 200

46.23 18.00 220
inf. inf. 360

Vs(0.0-30.0)=187m/s
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TROMINO® Grilla
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grills

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 6.88 0.6 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilied]

f,>10/L, 6.88 > 0.50 OK

n.(fo) > 200 6737.5 > 200 OK
oalf) < 2 for 0.5f, < f < 2f, if f,> 0.5Hz | Exceeded O out of 331 times OK
oalf) < 3 for 0.5f, < f < 2f, if f, < 0.5Hz

Criteria for a clear HVSR peak
fAt least 5 out of 6 should be fulfilled]

Exists f in [fo/d, ] | Auv(f) < Ayl 2 4.969 Hz OK
Exists f in [fo, 4f,] | Aun(fT) < Apl 2 NO
Ay>2 1.56 > 2 NO
Foeax[Aun(f) * oalf)] = ot 5% {0.04274| < 0.05 OK
or < g{fy) 0.29383 < 0.34375 OK
aalfo) < 6(fs) 0.0469 < 1.58 OK
Ly window length
Ny number of windows used in the analysis
Ne = by Ny fo number of significant cycles
f current freguency
fo H/V peak frequency
o standard deviation of H/V peak frequency
(o) threshold value for the stability condition o; < &(fy)
Ag H/V peak amplitude at frequency f,
Ap(f) H/V curve amplitude at frequency f
i frequency between fo/4 and f; for which Ay(f ) < Agf2
£t frequency between f, and 4%, for which Au{f *) < Ag/2
calf) standard deviation of Ayn(f), oa(f) is the factor by which the mean Ay (f) curve should
be multiplied or divided
Ologrirv(F) standard deviation of log Ays(f) curve
B(fo) threshold value for the stability condition ca(f) < 6(fs)
Threshold values for ojand oa(fy)
Freg.range [Hz] <0.2 02-0.5 0.5-1.0 1.0-2.0 2.0
e(fo) [Hz] 0251 021 0.16 1, 0.10 0.05f,
0(fo) for oalfo) 3.0 2.5 2.0 1.78 1.58
Log 6({fy} for orgunv(fn) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSR43A TROMINO® Grilia

2T Societa di

“Geologia
Territoriale
www.geos5 com

RAVENNA —-n. 13

Channel labels: NORTH SOUTH: EAST WEST; UP DOWN
GPS data not available

Trace length:  Oh16'00". Analyzed 77% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. M at 2363 £2.76 Hr (in the rangs 0.0+ B4.0 Hz)

AlK

o :
0.1 1
faguancy o

H/V TIME HISTORY DIRECTIONAL H/V

min
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" Societa di TROMINO® Grilla
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Territoriale

www.geobh.com
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

T Societa di TROMINO® Grilla

eologia
Territoriale

www.geobs.com

EXPERIMENTAL VS. SYNTHETIC HV

Max. KAV 5t 2989 £ 276 Hz (n the range 0.0+ B4E Hz)

L L)
Synthede HAY |

AlH

0 . .
o ! hequency Hz]

Depth at the bottom of the layer Thickness [m] Vs [m/s]
[m]
0.47 0.47 60
0.77 0.30 120
1.57 0.80 145
2.07 0.50 150
4.07 2.00 180
8.07 4.00 210
10.07 2.00 220
17.07 7.00 180
32.07 15.00 250
102.07 70.00 360
inf. inf. 570

Vs{0.0-30.0)=202m/s
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" Societa df TROMINO® Grilla
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Territoriale
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO®* Grilla
eologia
Territoriale

www.geobs com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max, H/V at 29.69 * 2,76 Hz. (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fu>10/L, 29.69 > 0.50 O

ne{fo) > 200 21968.8 > 200 OK
caff) < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded O outof 1426 O
aa{f) < 3 for 0.5, <f < 2{, if f; < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f"in [fo/4, o] | Aup{f ) < Ag 1 2 15.375 Hz OK
Exists ' in [fo, 4%,] [ Aun(f') <Al 2 45.594 Hz O
Ag>2 4.01>2 K
foea[Anylf) = oalf] = fox 5% [0.04518] < 0.05 O
o1 < &lfy) 1.34074 < 1.48438 OK
oalfe) < 0(fe) 0.2003 < 1.58 OK
L, window length
Ny number of windows used in the analysis
n. = Lynyfo number of significant cycles
f current frequency
fo H/N peak frequency
oy standard deviation of H/V peak frequency
e{fo) threshold value for the stability condition o < &{fy)
Ay H/V peak amplitude at frequency fy
An(f) H/V curve amplitude at frequency {
f- frequency between fy/4 and f for which Ap(f ) < Ag/2
f* frequency between f, and 4f, for which Aun(f ) < Ag/2
oalf) standard deviation of Aya(f), oa(f) is the factor by which the mean Ay () curve should
be multiplied or divided
Sloghv( ) standard deviation of log Ay (f) curve
0(fo) threshold value for the stability condition oa(f} < 0(fo)

Threshold values for orand oalfp)

Freq.range [Hz] <0.2 0.2-05 05-1.0 1.0-20 >2.0
s(fo) [Hz] 0.251, 0.2 0.15fg 0.10f, 0.06 fy

O(fo) for oalfo) 3.0 2.5 2.0 1.78 1.58
Log 8{fo) for ojequn(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

P Socleta di HVSR44A TROMINO® crilla

Territoriale
Www.geo55.com

RAVENNA - n. 35

Channet labels;: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV 51 0.19 £0.14 Hz. {in the range 0.0 - 200 Hz)

ATH

0 . 3 Dol N 3 . N
1 1
o frequency Hg 9

HNV TIME HISTORY DIRECTIONAL HV

min




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
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www.geob5.com
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

T Societa di
F=1~"Geologia
Territoriale
www.geobb.com

EXPERIMENTAL VS. SYNTHETIC H/V

Max HWV 21018 +0. 94 Hz (ntherangz G 0200 Hz)

) ) i Arzrage HY
; o - . : P . . e Gythadc B

AFH

il
01

frequrensy e}
Depth at the bottom of the layer Thickness [m] Vs [mis]
[m]
0.40 0.40 55
1.70 1.30 100
6.70 5.00 160
10.70 4.00 180
20.70 10.00 155
41.70 21.00 250
69.70 28.00 325
101.70 32.00 350
inf. inf. 400

Vs(0.0-30.0)=172m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilia

» T Societa di
F=F>"Geologia
Territoriale
www.geobb.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.)

Max. H/V at 0.19 % 0.14 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
JAH 3 should be fulfilled]

fo>10/L, 0.19 > 0.50 NO
ng(f) > 200 225.0 > 200 OK

olf) < 2 for 0.5f, < f < 2§y if f; > 0.5Hz Exceeded 0 out of 10 times OK

oalf) < 3 for 0.5f, < f < 2§ if fy < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled}

Exists fin [fo/4, fo] | Aun(f) < Agl 2 0.084 Hz OK
Exists f* in [fo, 4f] | Aun(f ) < Agf 2 NO
Ag>2 1.83>2 NO
focax[Ann(f) * oalf)] = fo 2 5% [0.36701] < 0.05 NO
or < &{fo) 0.06882 < .04688 NO
aa(fe) < 6(fs) 0.142 <3.0 OK
Ly window length
My number of windows used in the analysis
ne = Ly Ny fo number of significant cycles
f current frequency
fo H/NV peak frequency
oy standard deviation of H/V peak frequency
&(fo) threshold value for the stability condition o < e{fg)
Ay H/V peak amplitude at frequency fy
Anpl() H/V curve amplitude at frequency f
f frequency between f/4 and f; for which Ag(f ) < Ay/2
£ frequency between f, and 4f, for which Aga(f ) < Agf2
oalf) standard deviation of Aya(f), oa{f) is the factor by which the mean Ayn{f) curve should
be multiplied or divided
Slogrnv(F) standard deviation of log Aun(f) curve
8(fo) threshold value for the stahility condition ca(f) < 8(fo)
Threshold values for orand oaffp)
Freg.range [Hz] < (.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
s(fo) [Hz] 0.261f, 021 0.151% 0.10 1, 0.05 1,
0(fy) for oalfy) 3.0 2.5 2.0 1.78 1.58
Log 6(fo) for oiqv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

> Societa di TROMINO® Grilla
eologia
Territoriale

www. gechb.com

RAVENNA —n. 12

Start recording: 23/08/10 16:06:14 End recording: 23/09/10 16:26:15
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length;  Oh20'00". Analyzed 73% trace (manual window selection})
Sampling frequency: 128 Hz

Window size: 208

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max, HAY 51 0.84 0.8 He. {In the range D0 - 20.0 Hz).

o

-
AH

0 ‘ — : ‘ -
X 1 veqene el 10

H/V TIME HISTORY DIRECTIONAL H/V

min
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

af~T Societadi
F=1>“Geologia
Territoriale
www.geobs.com

TROMINO® Grilla

EXPERIMENTAL VS. SYNTHETIC H/V

Max HA 5t 0.84 £0.63 Hz. (In the range 0.0 - 20.0 Hz).

— Ottheie HY

AlH

sIZI.I 1 equency ) 10
Depth at the bottom of the layer Thickness [m] Vs [m/s]

[m]

0.30 0.30 70
2.30 2.00 130
5,30 3.00 180

10.30 5,00 240

28.30 18.00 185

93.30 65.00 340
inf. inf. 520

Vs(0.0-30.0)=189m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO® Grilla

eologia
Territoriale

www.geosd.com

[According fo the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 0.84 * 0.88 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
{All 3 should be fulfilled]

fo>10/L,, 0.84 > 0.50 0K

n.(fo) > 200 742.5 > 200 OK
oa{f) < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded 0 out of 42 times 9114
oalf) < 3 for 0.5f, < f < 2f, if f, < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 8 should be fulfilled]

Exists fin [fo/d, fo] | Aun(f) < Ag/2 NO
Exists f* in [fy, 4f] | Aunlf) < Ao/ 2 1.5 Hz oK
Ap>2 1.92>2 NO
focax[Anvlf) £ oalf}] = fo £ 5% [0.60947| < 0.05 NO
o; < &{fy) 0.42987 < 0.12656 NO
oa{fo) < 6{fy) 0.1784 < 2.0 (K
L, window length
[ number of windows used in the analysis
ne = Lynyfo number of significant cycles
f current frequency
fa H/V peak frequency
o' standard deviation of H/V peak frequency
&{fo) threshold value for the stabllity condition o; < &{f;)
Ay H/V peak amplitude at frequency fo
Arnf) H/V curve amplitude at frequency f
f- frequency between fy/4 and fy for which Aun(f ") < Agl2
£ frequency between f, and 4f, for which Apn({f ) < Ag/2
calf) standard deviation of Ayn(D), oa(f) is the factor by which the mean Ay(f) curve should
be muttiplied or divided
) standard deviation of log Apw(f} curve
B(fy) threshold value for the stability condition ca(f) < 0{fo)
Threshold values for oyand oa(fo)
Freq.range [Hz] <0.2 02-05 05-1.0 1.0-2.0 >2.0
s(fy) [HZ] 0.25 1, 0.2 0.15 1, 0.10fy 0.05 f,
B(f5) for oalfo) 3.0 2.5 2.0 1.78 1.58
Log 8{fo) for siegnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSR46A TROMINO®* Grilla

www. froming.it

RAVENNA —n. 17

Channel labels: NORTH SOUTH; EAST WEST: UP DOWN
GPS data not available

Trace length;  0h20'00". Analyzed 85% trace (manual window selection)
Sampling frequency; 128 Hz

Window size: 20s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max HAY 51025 £ 002 Hr {0 the ranga 00 - 200 Hy).

i : : [ Aerage iV |

-~
AfH

u " C . . ° N
01 1 "0
frequency [Hz

HV TIME HISTORY DIRECTIONAL H/V

0! !
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Hz
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1ot .

min




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO™ Grilla
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www. fromino.it

EXPERIMENTAL VS. SYNTHETIC HV

Nar HAV #1025 £0.02 Hz (inthe range 0.0 - 20.0 Hz)

) . e Kyolaga HY
7 ' : : : E ; —— S HY

AdH

i /*—P:.__—:&—%\_{ .
cEl.‘i ‘ ‘ 1 p— 4 . 10
Depth at the bottom of the layer Thickness [m] Vs [mis]
[m]
0.25 0.25 70
10.25 10.00 163
24.25 14.00 150
69.25 45.00 220
inf. inf. 250

Vs(0.0-30.0)=163m/s
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TROMINO® Grilla
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www. tromino. it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 0.25  0.02 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L,, 0.25 > 0.50 NC
ng(fy) > 200 255.0 > 200 OK

ca(f) < 2 for 0.5f, < f < 2§, if f, > 0.5Hz Exceeded 0 outof 13 times Ok

oa(f) < 3 for 0.5, < f < 2f, if fy < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f™in [fof4, fo] | Ann(f) <Ayl 2 0.094 Hz 0K
Exists f° in Ify, 4f] | Aup(f ) < Ao/ 2 0.469 Hz OK
Ag> 2 0.92>2 NO
foeax[Anv(f) £ oalf)] = fox 5% |0.03279} < 0.05 O
o < &(fy) 0.0082 < 0.05 O
oa(fo) < 6(fa) 0.0854 <25 OK
L. window length
Ny number of windows used in the analysis
Ne = Ly Ny fp number of significant cycles
f current frequency
fo H/V peak frequency
ot standard deviation of H/V peak frequency
&(fa) threshold value for the stability condition o < g(fp)
Aq H/V peak amplitude at frequency f;
Ann(D) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which App(f ) < Ad/2
f* frequency between fy and 4f, for which Apa(f *) < Ag/2
oalf) standard deviation of Aun(f), ca(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Stogrn{f) standard deviation of log Apn{f) curve
0(fo) threshold value for the stability condition oa(f) < 8{fg)

Threshold values for orand oalfo)

Freg.range [Hz] <0.2 0.2~-05 05-10 1.0-2.0 >2.0
(o) [HZ] 0.25 1, 0.2 1 0.15 1, 0.10f, 0.05 f,

0{fo) for calfo) 3.0 2.5 2.0 1.78 1,58

Log 6(fq} for oweamn(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSR47A ®
TROMINO® Grilla

_Societa di
eologia
Territoriale

www.geabb.com

RAVENNA —n. 28

Channel labels: NORTH SOUTH; EAST WEST: UP DOWN
GPS data not available

Trace length: 0h20°00", Analysis performed on the entire frace.
Sampling frequency: 128 Hz

Window size: 20s

Smoothing window: Triangular window

Smoothing: 10%

'HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HV 51 163 £0.03 Hz. (a tha rznge 00 - E4.0 Hz)

N :
1 i
a1 frequzncy (H 0

H/V TIME HISTORY DIRECTIONAL HV
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla

Territoriale
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SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

_Societa di TROMINO® Grilla

Territoriale
www.geobb.com

EXPERIMENTAL VS. SYNTHETIC H/V

Ftax HAV 51 1.53 £0.03 Hz {In the range D 0 - B4.0 Hz).

Fezage UV ] -
7 L : o e . . - o 1

001 . ! ﬁ‘EqUEﬂW[HZI . | 1
Depth at the bottom of the fayer Thickness [m] Vs [mis]

[m]

16.00 16.00 135

19.00 3.00 250

37.00 18.00 265

51.00 14.00 305

59.00 8.00 340
inf. inf. 380

Vs(0.0-30.0)=174m/s
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i Societa di TROMINO® Grilla

Territoriale
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

I Societa df TROMINO® Grilla
eologia
Territoriale

www.geobs.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 1.53 £ 0.03 Hz. (in the range 0.0 - 64.0 Hz),

Criteria for a reliable HVSR curve
[Al 3 should be fulfiled)

fo>10/L, 1.63 > 0.50 OK

nc{fs) > 200 1837.5 > 200 OK
oalf) < 2 for 0.5f, < < 2f, if f, > 0.5Hz Exceeded 0 outof 74 times OK
aplf) < 3 for 055, <f < 2f,if f; < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fo/4, To] | Aundf) < Agl 2 0.969 Hz oK
Exists f~ in [fy, 4fo] | Annlf ) < A/ 2 2.344 Hz 0K
Ag>2 274>2 oK
foeax[Anv(f) £ oalf)] = fox 5% 10.01024] < 0.05 OK
ot < s{fy) 0.01568 < 0.15313 OK
oa(fo) < 0(fo) 0.1856 <1.78 OK
Ly window length
Flo number of windows used in the analysis
ne=Lynyfo number of significant cycles
f current frequency
fo H/V peak frequency
ot standard deviation of H/V peak frequency
&(fo) threshold value for the stabifity condition o; < &(fo)
Ay H/V peak amplitude at frequency fy
AppT) HNV curve amplitude at frequency f
f- frequency between fo/4 and fy for which Aga(f7) < Ay/2
f* frequency between fy and 4f; for which Aga(f "y < Agl2
aalf) standard deviation of Ayn(f), oa(f) is the factor by which the mean Ag(f) curve should
be multiplied or divided
Srogrn(f) standard deviation of log Aun(f) curve
B(fy) threshold value for the stability condition aaff) < 6(fo)
Threshold values for orand oa{fo)
Freg.range [Hz] <0.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
s(fo) [Hz] 0.25f 0.2 f 0.156 0.10 fg 0.051,
6(fy} for oalfa) 3.0 2.5 2.0 1.78 1.58
Log 8(fy) for owgnn(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

™ Societa di HVSR48A TROMINO® Grilla

Territoriale

Www.geobb.com

RAVENNA - n. 29

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  Ch20'00" Analyzed 63% trace (manual window selection)
Sampling frequency; 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoeothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

hax. HAY at 18.97 £ 1 62 Hr [nthe rangs 0.0+ 00 Hz).

.
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di TROMINO® Grilla
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EXPERIMENTAL V8. SYNTHETIC HNV
Max. B &t 1987 £ 1.82 Hz. (intks ranga 0 G+ 20.0 Ha).
[
Ararage HY
5 Eyrtheds !?W
i
2
1 /’-—d
uIZI1 . ] 1 fequenty el ‘ 1.0
Depth at the bottom of the layer Thickness [m] Vs [m/s]
[m]
1.20 1.20 100
2.20 1.00 210
24.20 22.00 190
42.20 18.00 280
inf, inf, 290

Vs(0.0-30.0)=196m/s

00 200 3

5k

{w] yidap pajewnsy
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

I’ Societa di
1 Geologia
Territoriale
www.,geobb.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables ]

Max. H/V at 19.97 % 1.82 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled)

fa>10/L, 19.87 > 0.50 0K

ng(fs) > 200 15176.3 > 200 OK
oalf) < 2 for 0.5f; < f < 2f, if f, > 0.5Hz Exceeded 0 out of 960 times OK
oalf) < 3 for 0.5f, < f < 2fy if f, < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f'in [fo/4, fo] | Auplf ) < Agl 2 NO
Exists ' in [fo, 4f5] | Aun(f) < Agl 2 NO
Ayg>2 1.49>2 NO
foeak[Anv(f) & ca(f})] = fo £ 5% 10.04427| < 0.05 OK
ot < &{f) 0.88398 < 0,99844 OK
aalfy) < 0{fs) 0.0761 < 1.58 OK
Ly window length
N number of windows used in the analysis
ng = Ly nyfo number of significant cycles
f current frequency
fo H/V peak frequency
Ot standard deviation of H/V peak frequency
e{fo) threshold value for the stability condition o < s(fy)
Ay H/V peak amplitude at frequency f,
Aun(f) H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Ay (f ) < A2
£t frequency between fy and 4f, for which Apa(f ') < A2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Auya(f) curve should
be multiptied or divided
GlogH(f) standard deviation of log Apn(f) curve
8(fa) threshold value for the stability condition oa(f) < 8(fg)
Threshold values for o;and oa(fo)
Freg.range [Hz} <02 0.2-05 0.5-1.0 1.0-2.0 >2.0
g(fo) [Hz] 0.251f, 0.2 f 0.15 fy 0.10 1, 0.05 fy
B(fo) for oalfo) 3.0 2.5 2.0 1.78 1.68
Log 6(fo) for oisqun(fo) 0.48 0.40 0.30 0.25 0.20




RAVENNA —n. 27

GPS data not available

Trace length:  0h20'00".

Sampling frequency:
Window size: 20s

128 Hz

ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.fromino.it

Analyzed 87% trace (manual window selection)

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HVSR at 28,28 £ 1,09 Hz. (in the range 0,0 - 64 0 Hz).

FPE R
N

. [— Average iV ]!

0
041

H/V TIME HISTORY

101

10

min

freguency [Hz]

4 & B 1012 14 16 18 20

DIRECTIONAL HV




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

www.tromino.it

SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www.fromino.it

EXPERIMENTAL VS. SYNTHETIC HV

Max. HYER &l 28,28 +£ 1,09 Hz. (in the range 00 - B4 0 Hz).

& i ' Vo e 1 1 : } ] j : i
o R A A A S T S === Average HV
§ :
=
4 =~
e
3 :
2
1
o ‘ - ,
0,1 1 10
frequency [Hz}
Depth at the bottom of the layer Thickness [m] Vs [m/s]
[m]
0,20 0,20 60
1,20 1,00 115
7,20 6,00 240
33,20 26,00 270
53,20 20,00 350
168,20 116,00 410
263,20 95,00 500
inf. inf. 700

Vs30 = 247 m/s

100 200 300 400 500 606 70O

3 T I I 1 T T
saL
m
100F 2y
3
ar
T
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)
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
www . tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. HVSR at 28,28 £ 1,09 Hz. (in the range 0,0 - 64,0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo=>1011, 28,28 > 0,60 OK

n.(fy) > 200 294125 > 200 OK
oalf) < 2 for 0.5f; < f < 2f, if fo > 0.5Hz Exceeded 0 outof 13568 OK
aalf) < 3 for 0.5f, < f < 2f; if f; < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fold, fo] | Apn(f ) < Agl 2 23,313 Hz OK
Exists f*in [fy, 4f] | Agn(f’) < Agi 2 30,406 Hz oK
Ay>2 595>2 OK
FooaklAun(f) £ ca(f)] = fo £ 5% 10,01905| < 0.05 OK
or < &{fy) 0,63879 < 1,41408 oK
aaffs) < 0(f,) 0,5099 < 1,58 oK
L, window length
Ny number of windows used in the analysis
Ne = Ly Ny fo number of significant cycles
f current frequency
fa H/V peak frequency
o standard deviation of H/V peak frequency
&(fo) threshold value for the stability condition of < &{fc)
Ag H/V peak amplitude at frequency fo
Apn() H/V curve amplitude at frequency f
f~ frequency between fo/4 and fo for which Ap(f ) < Ag/2
f£* frequency between fo and 4f, for which Aun(f ) < Ag/2
aa(f) standard deviation of Aun(f), oa(f} is the factor by which the mean Ay{f) curve should
be multiplied or divided
Ologhvi) standard deviation of log Apn(f) curve
B(fo) threshold value for the stability condition ax(f) < 6(fq)

Threshold values for orand oa(fo)

Freg.range {Hz] <0.2 02-05 05-1.0 1.0-20 > 2.0
e(fo) [HZ] 0.25 1, 0.2f, 0.15 f, 0.10 f, 0.051%

0{fp) for oalfo) 3.0 2.5 2.0 1.78 1.68
Log 8(fy) for ojeann(fe) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSRS50A TROMINO® Griila

Societa di
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www.gechb com

RAVENNA - n. 30

Channel labels: NORTH SOUTH; EAST WEST: UP DOWN
GPS data not available

Trace length:  0h20'00". Analyzed 83% trace (manual window selection)
Sampling frequency: 128 Hz

Window size; 20s

Smeothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max HV 3102001 B2 fnthe rangz 00 - 200 Hz)
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

EXPERIMENTAL VS, SYNTHETIC H/V

Max HAY st 222007 He (o the ranga 6.0 - 20.0 Hz)

omen BVB{E06 HY

— Gy HE HA

DD1

Depth at the bottom of the layer

[m]

0.30

4.30

11.30

18.30

127.30
inf.

frequanty fHg

Thickness [m]

0.30
4.00
7.00
8.00
108.00
inf.

Vs(0.0-30.0)=188m/s

200

400

50}

Vs [m/s]

Vs [m/s]

[w] yidap parewnsg
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200
150
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

_Societa di TROMINO® Grilla

Territoriale
WWW.qeos5.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables.]

Max. H/V at 0.22 £ 0.01 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve
[AlF 3 should be fulfilled]

fo>10/1, 0.22 > 0.50 NO
ne(fs) > 200 218.8 > 200 OK

oalf) < 2 for 0.5f, < f< 2f, if f, > 0.5Hz Exceeded 0 out of 12 times oK

oalf) < 3 for 0.5, < f < 2f, if f, < 0.5Hz

Criteria for a clear HVSR peak
[At teast 5 out of 6 should be fulfiled]

Exists fin [fo/d, fo] | Aun{f) < Apl 2 0.094 Hz OK
Exists f* in [fo, 4fo] | AunlfT) < Ao/ 2 NO
Ap>2 1.26>2 NO
foear[Any(f) £ oalf)] = fy £ 5% 10.01178| < Q.05 OK
or < glfg) 0.00258 < 0.04375 OK
oalfo) < 0(fy) 0.1103<2.5 OK
L., window length
My number of windows used in the analysis
Ne = L Nw o number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
(fo) threshold value for the stability condition o; < g(f;)
Ay H/V peak amplitude at frequency f,
Apn(D H/V curve amplitude at frequency f
f- frequency between fy/4 and f, for which Aua(f ) < Ag/2
£* frequency between fo and 4f, for which A {f *) < Ay/2
oalf) standard deviation of Aun(f), oaff) is the factor by which the mean Agn(f) curve should
be multiplied or divided
Cloghv() standard deviation of log Ap(f) curve
0(fo) threshold value for the stability condition oa{f) < 6(fo)
Threshold values for o and oaffy)
Freqg.range [Hz] <0.2 0.2-05 0.5-1.0 1.0-2.0 >2.0
S(fo) EHZ] 0.25 fg 0.2 fo 015 fo 0.10 fo 0.05 fo
Log 6(fp) for opgrnfo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

AT Socletd di HVSR51A ROMING® G 11n

Territoriale
www.gqeoss.com

RAVENNA - n. 14

Start recording: 19/02/10 18:14:42 End recording; 19/02/10 18:34:43
Channel labels: NORTH SOUTH;, EAST WEST; UP DOWN
GPS data not available

Trace length:  Oh20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 5%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. BV a1 13722208 Hz (nthe rang2 00 - 150Hz).

Al i
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

‘T Societa di TROMINO® Grilla

Territoriale
www.geoss.com

SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

www.geobb.com

EXPERIMENTAL VS, SYNTHETIC HNV

Max HAV 2t 13724208 Hz {rihe ranga 00 - 150 Hz).

Synthetic HY

AlH

cI!I,'E

fraquency He

Depth at the bottom of the layer Thickness [m] Vs [m/s]
Im]
0.70 0.70 70
7.70 7.00 150
35.70 28.00 240
54.70 19.00 233
150.70 96.00 280
inf. inf. 420
Vs{0.0-30.0)=201m/s
0 200 300 400
B0
I'élI
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla

Territorlale
WWw.gecas.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual hefore
interpreting the following tables.]

Max. H/V at 13.72 + 2.08 Hz. (in the range 0.0 - 15.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

f,> 10/ L, 13.72 > 0.50 oK

n({fo) > 200 16462.5 > 200 OK
oalf) < 2 for 0.5f, < f < 2f, if f, > 0.56Hz | Exceeded 0 out of 660 times OK
oalf) < 3 for 0.5f, < f < 2f, if f, < 0.5Hz

Criteria for a clear HVSR peak
[At feast 5 out of 6 should be fulfilled)

Exists f"in [fo/d, fo] | Aund{f Y < Ag/ 2 NO
Exists f* in [fg, 4f] | Agplf ) < Ag/ 2 NO
Ag>2 1.30>2 NO
fpaak[AHN(f) ¥ ou(f)] = fox 5% |007505I < 0.05 NGO
ot < g(fp) 1.02954 < 0.68594 NO
oalfa) < 8(fo) 0.0598 < 1.58 QK
L., window length
My, number of windows used in the analysis
Ne = Ly N fo number of significant cycles
f current frequency
fy H/ peak frequency
of standard deviation of H/V peak frequency
&(fp) threshold value for the stability condition oy < g(fo)
Ag H/V peak amplitude at frequency f;
Apn(H H/ curve amplitude at frequency f
f~ frequency between fi/4 and f; for which Aga(f ) < Agf2
i frequency between f; and 4f, for which App(f ) < Ag/2
oalf) standard deviation of Aun(f), oa(f) is the factor by which the mean Agn(f) curve should
be multiplied or divided
Otogv(f) standard deviation of log Aun(f) curve
B(fo) threshold value for the stability condition ea(f) < 6(fo)

Threshold values for o;and oalfo)

Freq.range [Hz] <0.2 0.2-0.5 0.6-1.0 1.0-2.0 >2.0
s(fo} [HZ] 0.25 1, 021 0.15f, 0.10 1, 0.05 f,
B(fg) for oa(fa) 3.0 2.5 2.0 1.78 1.58
Log 8(fo) for oieguv(fa) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Societa di HVSRS52A TROMINO® Grilla
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Territoriale

www. geoss.com

RAVENNA - n. 31

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not available

Trace length:  0h20'00". Analyzed 80% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max WV at 25232571 Hr fnthe ranga 0.0 - 84 D Hz)
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SINGLE COMPONENT SPECTRA

10%
e S COTEOOETT
L g =
. nnenini Lb—ﬁ?ancwmrg-i
SN -
o~ = »\
e N -

R . /W T
0 s o o o A
10

01 1

Trémieney [Hg ¢




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di TROMINO® Grilla
eologia
Territoriale

www.geos55. com

EXPERIMENTAL VS. SYNTHETIC HV

Max. BV at 2528 +571 Hz. in the ranga 0.0 - 4.0 Hz)

: . . : Freraga HV
T Lo T e . : . . . Syrthets HY

AlH

fregquzncy He
Depth at the bottom of the layer Thickness [m] Vs [m/s]
[m]
0.40 0.40 60
1.40 1.00 120
8.40 5.00 155
10.40 4.00 260
16.40 6.00 170
20.40 4.00 180
50.40 30.00 300
inf. inf. 320

Vs(0.0-30.0)=199m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

" Socleta di TROMINO® Grilla
eologia
Territoriale

www. geobs.com

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before
interpreting the following tables ]

Max. H/V at 25.28  5.71 Hz. (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled)

fu>10/L, 2528 > 0.50 OK

ne(fy) > 200 24270.0 > 200 OK
oalf} < 2 for 0.5f; < f < 2f; if f, > 0.5Hz Exceeded 0 cutof 1214 oK
oalf) < 3 for 0.5f, < f < 2f, if f, < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilfed]

Exists f"in [f/4, To] | Aun(f) < Agf 2 11.469 Hz oK
Exists f* in [fy, 4fo] | Aun{f) < Ay / 2 NO
Ay>2 1.88>2 NO
foeax[Ann(f) £ calf)] = fo £ 5% 10.11101}| < 0.05 NO
ot < s(fy) 2.80654 < 1.26406 NO
oalfy) < B{fs) 0.1156 < 1.58 oK
Ly window length
Ny number of windows used in the analysis
he = Ly Ny fo number of significant cycles
f current frequency
fa H/V peak frequency
Of standard deviation of H/V peak frequency
g{fo) threshold value for the stability condition o < g(fy)
Ag H/V peak amplitude at frequency f;
Ann(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and f, for which Any(f ) < Ag/2
f* frequency between fy and 4f; for which Ay (f ) < Ay/2
aa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Auyn(f) curve should
be multiplied or divided
Sloghne(T) standard deviation of log Aun(f) curve
B(fo) threshold value for the stability condition aa(f) < 6(f,)
Threshold values for o;and oca(fo)
Freq.range [Hz] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
e(fo} [Hz] 02561, 0.2 f 0.151, 0.101, 0.05%
B(fo) for oalfo) 3.0 25 2.0 1.78 1.58
Log 6(fo) for aiaqunifo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societa di HVSRO3A TROMINO® Grilla

eologia
Territoriale
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RAVENNA - n. 26

Channel labels: NORTH SOUTH; EAST WEST; UP DOWN
GPS data not availabie

Trace length:  O0h20'00" Analyzed 78% trace (manuat window selection)
Sampling frequency: 128 Hz

Window size: 20s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO

Max. HAV 2t 0.16 +3.93 Hz. (in the range 0.0 - 200 Hz)

7 : o S E . o e
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SINGLE COMPONENT SPECTRA
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Societs di TROMINO® Grilla
eologia

Territoriale
WWW.geos5.com
EXPERIMENTAL VS. SYNTHETIC HV
Kax HAV &t 016 £+ 393 Hz. intha range 0.0 - 200 Hz)
8
7 : . R DO SO , O e e
B
5
3
z
! - ‘_—\-“-s_.___._
0 - 1 . 10
Rrequency He
Depth at the bottom of the layer Thickness [m] Vs [mis]
[m]
0.25 0.25 58
3.85 3.60 120
8.85 5.00 170
15.85 7.00 230
27.85 12.00 160
47.85 20.00 330
inf. inf, 260

Vs(0.0-30.0)=171m/s
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before

interpreting the following tables.]

Max. H/V at 0.16 % 3.93 Hz. (in the range 0.0 - 20.0 Hz).

Criteria for a reliable HVSR curve

[All 3 should be fulfilled]

fo>10/L,, 0.16 » 0.50 NO
n.(fy) > 200 146.9 > 200 NO
ca(f) < 2 for 0.5f, < f < 2, If f, > 0.56Hz Exceeded 0 out of 8 times OK
ca{f) < 3 for 0.5f; < f < 2fy if f, < 0.5Hz
Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled}
Exists T in [fo/4, fo] | Aun(f) < Ap/2 0.094 Hz OK
Exists f* in [fy, 4f] | Aun(f’) < Ao/ 2 NO
Ag>2 1.28>2 NO
foea[Ann(f) £ oalf] =, 2 5% [12.35853} < 0.05 NO
o; < g{fy) 1.93102 < 0.039086 NO
oalfo) < () 0.1055 < 3.0 0K
L., window length
Ny, number of windows used in the analysis
Ne = Ly fo number of significant cycles
f current frequency
fo H/V peak frequency
ot standard deviation of H/V peak frequency
&(fo) threshold value for the stability condition o < &(fo)
Ay H/N peak amplitude at frequency fy
Al H/V curve amplitude at frequency f
f- frequency between f/4 and f, for which Ap(f ) < Ag/2
f* frequency between f, and 4f, for which Aun(f ') < Ag/2
aalf) standard deviation of Agy(f), oa(f) is the factor by which the mean Aqn(f) curve should
be multiplied or divided
Giogrie(f) standard deviation of log Ann(f} curve
0(fo) threshold value for the stability condition aa(f) < 8(fq)
Threshold values for arand oaffo)
Freg.range [Hz] <0.2 02-05 0.6-1.0 1.0-20 >2.0
&(fo) [Hz] 0.251, 0.2 1 0.151, 0.10 0.05f,
B(fo) for oalfo) 3.0 2.5 2.0 1.78 1.58
Log 8(fo) for oeqnndfe) 0.48 0.40 .30 0.25 0.20




HVSR54A ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Studio di geologia
Dr. Geol. S,-”:onesﬁomf,A [ DOCUMENTAZIONE FOTOGRAFICA

1bo O.R.G.U.n. 112

Via Bastia, 2 - 06080 Brufa di Torgiano (PG)
Cell. 347/3362235

E-mail: simonesforna@tiscalinet.it

‘ C.F. SFR SMN 64MO05 L216A - P. IVA 01859390542 ‘

| COMUNE DI RAVENNA |

VERIFICHE TECNICHE SU EDIFICI COMPRESI NEL PROGRAMMA Ex ART. 2
COMMA 3 O.P.C.M. 3274/2003 E SS.MM.II.
LOTTON. 6

INDAGINE SISMICA HVSR

Stadio Com. «B. BENELLI» Dr. Geol. Simone SFORNA

ACQUISIZIONE - 20 minuti

Rawv. 2 £

12h42m 12h43m 12h44m 12h45m 12h46m 12h47m 12h48m 12h49m 12h50m 12h51

L L

RAPPORTO H/V - Frequenza di sito = 0,185 Hz - Dev. standard = 0,03 Hz

Rav. 2

0.2 0.4 06 08 1 2 4 <] g8 10 20
Frequency (Hz)




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

DIPARTIMENTO DELLA PROTEZIONE CIVILE
UFFICIO SERVIZIO SISMICO NAZIONALE

I , PRESIDENZA DEL CONSIGLIO DEI MINISTRI

SCHEDA DI SINTESI DELLA VERIFICA SISMICA DI "LIVELLO 1" O DI “LIVELLO 2” PER GLI EDIFICI STRATEGICI Al
FINI DELLA PROTEZIONE CIVILE O RILEVANTI IN CASO DI COLLASSO A SEGUITO DI EVENTO SISMICO

(Ordinanza n. 3274/2003 — Articolo 2, commi 3 e 4)

PARTE GEOLOGICO TECNICA
(Sezz. nn°® 1/parte - 5-9-18-19)

edificio

Denominazione |S|TAD‘Q | COM|U1N|A|L[E| |«|G1_| BENELL||))| Ll

Coordinate geografiche ED50

Lat 1 4/41,14/ 0| 711217 ||

Lon | 121191571916 | ||

5) Dati geomorfologici

Morfologia del sito

Fenomeni franosi

AD
Cresta/Dirupo

BO co DX EX

Pendio Forte Pendio leggero Pianura Assenti

FO
Presenti

Pag.1di2

9) Perimetrazione ai sensi del D.L. 180/1998
S OQo-No
NB: In caso affermativo compilare la matrice sottostante
Area R4 Area R3
1) Frana | |
2) Alluvione | J




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

18) Classificazione sismica

1) Zona sismica; 10 20 3 N 40
2) Valore dell'accelerazione orizzontale massima di ancoraggio speltro risposta elastico (suclo A)
dedotto da: A P 0. l2_|;|_3|

2.1) Allegato 1 all Ordinanza n. 3274/2003 X

2.2) Delibera di Giunta Regionale 0O

2.3) Studio pit approfondito;

2.3.1) Mappa di riferimento nazionale (WGv. 2004) (@]
2.3.2) Studio regionale D]
2.3.3) Studio di letteratura ®)
2.3.4) Studio effettuato direttamente (&)

19) Categoria di suolo di fondazione

1) Sulla base di carte geologiche disponibili a
Metedologia per I'attribuzione della categoria - S .
1 di suulc?ﬂ? Tonpdazinna €9 2) Sulla base di indagini esistenti a
3) Sulla base di prove in situ effettuate appositamente N
1} Sondaggi geognostici a distruzione o a carotaggio continuo 3
2) Prova Standard Penetration Test (SPT) o Cone Penetration Test (CPT) N
3) Prospezione sismica in foro (Down-Hole o Cross-Hole) 3
5 Descrizione indagin effettuate 4) Prova sismica superficiale a rifrazione [}
o gia disponibili 5) Analisi granulometrica a
6) Prove triassiali ]
7) Prove di taglio diretto a
8 Ao |[PIRIO VA [SIISM|II CA MA|IS W X
1) Presenza di cavita 81 o= NO %
3 Eventuali anomalie - — - : e
2) Presenza di terreni di fondazione di natura significativamente diversa st Do—NO x‘
g < ’ 1 Resistenza s : Coesione non drenata
4 Velocita maﬂ?ﬂtf-aadu !algno Viso 5 Penetrometrica media | & Resistenza maduakarlla - hediE e,
L_21410]fms Nest|__|_| colpi puntage| | | kPa L L_|_|kra
1) Profondita della falda da piano di campagna ) I I |
2) Profondita della fondazione rispetto al piano di campagna A
3) Presenza di terreni a grana grossa sotto la quota di falda entro i
Suscettibilita alla liquefazione primi 15 m di profondita: 51 Do-No Oy
s Jo-NOJ itz
8 )u X‘ densita sciolte medie dense
NB: In caso affermative compiiare la parte Spessore
dastra 3.1)Sabbiefini  m|_|_| O 0] 0
3.2) Sabbie medie m || | O @) (@]
3.3) Sabbie grosse m|__| | 0O O ®)
1) Fattore S di amplificazione per profilo stratigrafico |l|3_|7_|
2) Periodo T dello spettro di risposta |Q|0_19_|5
g | Categoria di suolo di fondazione L_IC| 1o | @ Periodo T dello spetiro di risposta 1012817
(par 3.1 Ord3274/03)
a) Valore di Norma X
b) Valore desunto in letteratura 9]
¢} Valore desunto da analisi specifiche O
11 Coefficiente di amplificazione topografica St 1111010

Dr. Geol. Simone Sforna
O.R.G.U. N° 112
Perugia, novembre 2013 ( )

Pag.2di 2



HVSR55A | ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Studio di geologia
Dr. Geol. SimtonesﬁomffA [ DOCUMENTAZIONE FOTOGRAFICA

1bo O.R.G.U.n. 112

Via Bastia, 2 - 06080 Brufa di Torgiano (PG)
Cell. 347/3362235

E-mail: simonesforna@tiscalinet.it

‘ C.F. SFR SMN 64MO05 L216A - P. IVA 01859390542 ‘

COMUNE DI RAVENNA
VERIFICHE TECNICHE SU EDIFICI COMPRESI NEL PROGRAMMA Ex ART. 2

COMMA 3 O.P.C.M. 3274/2003 E SS.MM.II.
LOTTON. 6

INDAGINE SISMICA HVSR

Campo di Atletica E. Marfoglia Dr. Geol. Simone SFORNA

ACQUISIZIONE - 20 minuti

Rav. 1 £

Rav. 1 N

Rav. 1 E

11h38m 11h40m 11h42m 11h44m 11h46m 11h48m 11hS50m 11h52m 11h54m

RAPPORTO H/V - Frequenza di sito = 0,155 Hz - Dev. standard = 0,01 Hz

Rav. 1

Frequency (Hz)




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

DIPARTIMENTO DELLA PROTEZIONE CIVILE
UFFICIO SERVIZIO SISMICO NAZIONALE

I , PRESIDENZA DEL CONSIGLIO DEI MINISTRI

SCHEDA DI SINTESI DELLA VERIFICA SISMICA DI "LIVELLO 1" O DI “LIVELLO 2” PER GLI EDIFICI STRATEGICI Al
FINI DELLA PROTEZIONE CIVILE O RILEVANTI IN CASO DI COLLASSO A SEGUITO DI EVENTO SISMICO

(Ordinanza n. 3274/2003 — Articolo 2, commi 3 e 4)

PARTE GEOLOGICO TECNICA
(Sezz. nn°® 1/parte - 5-9-18-19)

edificio

Denoaone  |ICIAM P O_ Dl ATLETHICA «ELMARKEQGILIIA»

Coordinate geografiche ED50

Lat 1 4/41,14/0/0(01 /4| |_|

Lon 11121,/ 2/ 01043 1] |_|

5) Dati geomorfologici

Morfologia del sito

Fenomeni franosi

AD
Cresta/Dirupo

BO co DX EX

Pendio Forte Pendio leggero Pianura Assenti

FO
Presenti

Pag.1di2

9) Perimetrazione ai sensi del D.L. 180/1998
S OQo-No O
NB: In caso affermativo compilare la matrice sottostante
Area R4 Area R3
1) Frana | |
2) Alluvione | J




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

18) Classificazione sismica

1) Zona sismica; 10 20 3 N 40
2) Valore dell'accelerazione orizzontale massima di ancoraggio speltro risposta elastico (suclo A)
e b 0.21214

2.1) Allegato 1 all Ordinanza n. 3274/2003 X

2.2) Delibera di Giunta Regionale 0O

2.3) Studio pit approfondito;

2.3.1) Mappa di riferimento nazionale (WGv. 2004) (@]
2.3.2) Studio regionale D]
2.3.3) Studio di letteratura ®)
2.3.4) Studio effettuato direttamente (&)

19) Categoria di suolo di fondazione

1) Sulla base di carte geologiche disponibili a
Metedologia per I'attribuzione della categoria - S .
1 di suulc?ﬂ? Tonpdazinna €9 2) Sulla base di indagini esistenti a
3) Sulla base di prove in situ effettuate appositamente N
1} Sondaggi geognostici a distruzione o a carotaggio continuo 3
2) Prova Standard Penetration Test (SPT) o Cone Penetration Test (CPT) N
3) Prospezione sismica in foro (Down-Hole o Cross-Hole) 3
5 Descrizione indagin effettuate 4) Prova sismica superficiale a rifrazione [}
o gia disponibili 5) Analisi granulometrica a
6) Prove triassiali ]
7) Prove di taglio diretto a
8 Ao |[PIRIO VA [SIISM|II CA MA|IS W X
1) Presenza di cavita 81 o= NO %
3 Eventuali anomalie - — - : e
2) Presenza di terreni di fondazione di natura significativamente diversa st Do—NO x‘
g < ’ 1 Resistenza s : Coesione non drenata
4 Velocita maﬂ?ﬁtf-aadu !algno Viso 5 Penetrometrica media | & Resistenza maduakarlla - hediE e,
L_l2l2l3fms Nest|__|_| colpi puntage| | | kPa L L_|_|kra
1) Profondita della falda da piano di campagna ) I I |
2) Profondita della fondazione rispetto al piano di campagna A
3) Presenza di terreni a grana grossa sotto la quota di falda entro i
Suscettibilita alla liquefazione primi 15 m di profondita: 51 Do-No Oy
s Jo-NOJ itz
8 )u X‘ densita sciolte medie dense
NB: In caso affermative compiiare la parte Spessore
dastra 3.1)Sabbiefini  m|_|_| O 0] 0
3.2) Sabbie medie m || | O @) (@]
3.3) Sabbie grosse m|__| | 0O O ®)
1) Fattore S di amplificazione per profilo stratigrafico |l|3_|7_|
2) Periodo T dello spettro di risposta |Q|0_19_|3
g | Categoria di suolo di fondazione L_IC| 1o | @ Periodo T dello spetiro di risposta 1012818
(par 3.1 Ord3274/03)
a) Valore di Norma X
b) Valore desunto in letteratura 9]
¢} Valore desunto da analisi specifiche O
11 Coefficiente di amplificazione topografica St 1111010

Dr. Geol. Simone Sforna
O.R.G.U. N° 112
Perugia, novembre 2013 ( )
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HVSRS56A ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

Dr. Geol. Simone SFORNA

Ibo O.RG.U.n. 112 = a5 ]I [} . L]

Via Bastia, 2 - 06080 Brufa di Torgiano (PG)
Cell. 347/3362235

E-mail: simonesforna@tiscalinet.it

sudiodigeoogio ||| | DOCUMENTAZIONE FOTOGRAFICA

‘ C.F. SFR SMN 64MO05 L216A - P. IVA 01859390542 ‘

| COMUNE DI RAVENNA |

VERIFICHE TECNICHE SU EDIFICI COMPRESI NEL PROGRAMMA Ex ART. 2
COMMA 3 O.P.C.M. 3274/2003 E SS.MM.II.
LOTTON. 6

INDAGINE SISMICA HVSR

Bacino di Canottaggio Standiana Dr. Geol. Simone SFORNA

ACQUISIZIONE - 20 minuti

Rav. 3 Z

Rav. 3 M

Rav. 3 E

10- Rav. 3

Frequency (Hz)




e ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
vl I ‘ PRESIDENZA DEL CONSIGLIO DEI MINISTRI

DIPARTIMENTO DELLA PROTEZIONE CIVILE
UFFICIO SERVIZIO SISMICO NAZIONALE

SCHEDA DI SINTESI DELLA VERIFICA SISMICA DI "LIVELLO 1" O DI “LIVELLO 2” PER GLI EDIFICI STRATEGICI Al

FINI DELLA PROTEZIONE CIVILE O RILEVANTI IN CASO DI COLLASSO A SEGUITO DI EVENTO SISMICO
(Ordinanza n. 3274/2003 — Articolo 2, commi 3 e 4)

PARTE GEOLOGICO TECNICA
(Sezz. nn°® 1/parte - 5-9-18-19)

Denoaac™ BIAGINO DI (CANOTTAGGIO « STANDIANAD

edificio

Coordinate geografiche ED50
Lat 1414, 3|3/3/1913 11 | |

Lon 11121,/ 2/ 61351919 | ||

5) Dati geomorfologici

Morfologia del sito Fenomeni franosi

AO BO co DX EX FO
Cresta/Dirupo Pendio Forte Pendio leggero Pianura Assenti Presenti

9) Perimetrazione ai sensi del D.L. 180/1998
S OQo-No O
NB: In caso affermativo compilare la matrice sottostante
Area R4 Area R3
1) Frana | |
2) Alluvione | J

Pag.1di2



ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

18) Classificazione sismica
1) Zona sismica; 10 20 3 N 40
2) Valore dell'accelerazione orizzontale massima di ancoraggio speltro risposta elastico (suclo A)
dedotto da: A P 0. l2—|—2 |—8|
2.1) Allegato 1 all Ordinanza n. 3274/2003 X
2.2) Delibera di Giunta Regionale 0O
2.3) Studio pit approfondito;
2.3.1) Mappa di riferimento nazionale (wGv. zoo4) .'_:)
2.3.2) Studio regionale ©
2,3.3) Studio di letteratura Q)
2.3.4) Studio effettuato direttamente O
19) Categoria di suolo di fondazione
1) Sulla base di carte geologiche disponibili a
Metedologia per I'attribuzione della categoria - S .
1 di suulc?ﬂ? Tonpdazinna €9 2) Sulla base di indagini esistenti ﬂ
3) Sulla base di prove in situ effettuate appositamente N
1} Sondaggi geognostici a distruzione o a carotaggio continuo 3
2) Prova Standard Penetration Test (SPT) o Cone Penetration Test (CPT) N
3) Prospezione sismica in foro (Down-Hole o Cross-Hole) 3
5 Descrizione indagin effettuate 4) Prova sismica superficiale a rifrazione [}
o gia disponibili 5) Analisi granulometrica a
6) Prove triassiali ]
7) Prove di taglio diretto a
8 Ao |[PIRIO VA [SIISM|II CA MA|IS W X
1) Presenza di cavita 81 o= NO %
3 Eventuali anomalie - — - : e
2) Presenza di terreni di fondazione di natura significativamente diversa st Do—NO x‘
g < ’ 1 Resistenza s : Coesione non drenata
4 Velocita madnaﬂd-aadu !algno Viso 5 Penetrometrica media | & Resistenza maduakarlla - hediE e,
L 1lc10fms Nest|__|_| colpi puntage| | | kPa L L_|_|kra
1) Profondita della falda da piano di campagna ) I I |
2) Profondita della fondazione rispetto al piano di campagna A
3) Presenza di terreni a grana grossa sotto la quota di falda entro i
Suscettibilita alla liquefazione primi 15 m di profondita: 51 Do-No Oy
s1Jo-NOJ it
8 o X‘ densita sciolte medie dense
NB: In caso affermative compiiare la parte Spessore
dastra 3.1)Sabbiefini  m|_|_| O 0] 0
3.2) Sabbie medie m || | O @) (@]
3.3) Sabbie grosse m|__| | 0O O ®)
1) Fattore S di amplificazione per profilo stratigrafico |l|3_|7_|
2) Periodo T dello spettro di risposta |Q|0_19_|7
g | Categoria di suolo di fondazione L_IC| 1o | @ Periodo T dello spetiro di risposta 1012190
(par 3.1 Ord3274/03)
a) Valore di Norma X
b) Valore desunto in letteratura 9]
¢} Valore desunto da analisi specifiche O
11 Coefficiente di amplificazione topografica St 1111010

Dr. Geol. Simone Sforna
O.R.G.U. N° 112
Perugia, novembre 2013 ( )
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSR57A TROMINO® Grilla

www.tromino.it

T50

Instrument: TR-0007-01-05

Start recording: 22/08/14 09:46:33 End recording: 22/08/14 10:06:34
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 63.97 + 0.07 Hz (in the range 0.0 - 64.0 Hz).

g
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 63.97 * 0.07 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 63.97 > 0.50 OK

ne(fo) > 200 76762.5 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 out of 1026 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 50.625 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 3.56>2 OK
focak[Anv(f) £ oa(f)] = fox 5% |0.00051| < 0.05 OK
oi < g(fo) 0.03235 < 3.19844 OK
oa(fo) < 0(fo) 0.0862 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

HVSR58A TROMINO" Grilla

www.tromino.it

T51

Instrument: TRS-0004/00-06

Start recording: 22/08/14 09:58:45 End recording: 22/08/14 10:18:46
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length:  0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 49.16 + 0.41 Hz (in the range 0.0 - 64.0 Hz).

g
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 49.16 * 0.41 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 49.16 > 0.50 OK

ne(fo) > 200 58987.5 > 200 OK
oalf) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 out of 1262 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 36.0 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 275>2 OK
focak[Anv(f) £ oa(f)] = fox 5% |0.00413| < 0.05 OK
oi < g(fo) 0.20312 < 2.45781 OK
oa(fo) < 0(fo) 0.0388 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




T52

ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

AVSR59A TROMINO" Crilla

www.tromino.it

Instrument: TR-0007-01-05

Start recording: 22/08/14 10:21:32 End recording: 22/08/14 10:41:33
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 1.13 £ 0.01 Hz (in the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 1.13 * 0.01 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/Ly 1.13>0.50 OK

n¢(fo) > 200 1350.0 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f; if fo > 0.5Hz Exceeded 0 out of 55 times OK
oa(f) < 3 for 0.5, < f < 2f, if fo < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 NO
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 2.531 Hz OK
Ag>2 1.54>2 NO
focak[Anv(f) £ oa(f)] = fox 5% |0.00595| < 0.05 OK
oi < g(fo) 0.00669 < 0.1125 OK
oa(fo) < 0(fo) 0.0748 < 1.78 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

www.tromino.it

53 HVSRG0A

Instrument: TRS-0004/00-06

Start recording: 22/08/14 10:30:45 End recording: 22/08/14 10:56:46
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length:  0h26'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 57.5 + 0.39 Hz (in the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 57.5 * 0.39 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 57.50 > 0.50 OK

ne(fo) > 200 89700.0 > 200 OK
oalf) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 outof 1129 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 49.438 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 422>2 OK
focak[Anv(f) £ oa(f)] = fox 5% |0.00338| < 0.05 OK
oi < g(fo) 0.19419 < 2.875 OK
oa(fo) < 0(fo) 0.0592 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

www.tromino.it

T55

Instrument: TRS-0004/00-06

Start recording: 22/08/14 11:08:24 End recording: 22/08/14 11:36:25
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h28'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 60.72 + 2.04 Hz (in the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 60.72 * 2.04 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 60.72 > 0.50 OK

ne(fo) > 200 102007.5 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 out of 1078 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 47.563 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 3.90>2 OK
focak[Anv(f) £ oa(f)] = fox 5% |0.01683| < 0.05 OK
oi < g(fo) 1.02169 < 3.03594 OK
oa(fo) < 0(fo) 0.1026 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

HVSR62A www.tromino.it

T54

Instrument: TR-0007-01-05

Start recording: 22/08/14 10:59:06 End recording: 22/08/14 11:19:07
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 1.09 + 0.08 Hz (in the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 1.09 * 0.08 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/Ly 1.09 > 0.50 OK

n¢(fo) > 200 1312.5 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f; if fo > 0.5Hz Exceeded 0 out of 54 times OK
oa(f) < 3 for 0.5, < f < 2f, if fo < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 NO
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 4.344 Hz OK
Ag>2 223>2 OK
focak[Anv(f) £ oa(f)] = fox 5% |0.03497| < 0.05 OK
oi < g(fo) 0.03825 < 0.10938 OK
oa(fo) < 0(fo) 0.1173 < 1.78 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

AVSRG3A TROMINO" Grilla

www.tromino.it

T56

Instrument: TR-0007-01-05

Start recording: 22/08/14 11:40:49 End recording: 22/08/14 12:00:50
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 63.97 + 0.0 Hz (in the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 63.97 * 0.0 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 63.97 > 0.50 OK

ne(fo) > 200 76762.5 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 out of 1026 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 33.0 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 290>2 OK
fpeak[AHN(f) + O'A(f)] =fot 5% |0.0| <0.05 OK
ot < g(fo) 0.0 <3.19844 OK
oa(fo) < 0(fo) 0.0477 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

VSR64A TROMINO" Grilla

www.tromino.it

T57

Instrument: TRS-0004/00-06

Start recording: 22/08/14 11:54:10 End recording: 22/08/14 12:14:11
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 42.81 + 3.21 Hz (in the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 42.81 * 3.21 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 42.81> 0.50 OK

ne(fo) > 200 51375.0 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 out of 1364 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 25.344 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 2.18>2 OK
focak[Anv(f) £ oa(f)] = fox 5% |0.03716| < 0.05 OK
oi < g(fo) 1.59096 < 2.14063 OK
oa(fo) < 0(fo) 0.0726 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINOP Grilla
HVSRG65A www.tromino.it

T58

Instrument: TR-0007-01-05

Start recording: 22/08/14 12:25:09 End recording: 22/08/14 12:45:10
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analyzed 82% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HV at 62.09 + 2.56 Hz. (In the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 62.09 * 2.56 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 62.09 > 0.50 OK

ne(fo) > 200 60851.9 > 200 OK
oalf) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 out of 1056 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 41.281 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 3.32>2 OK
focak[Anv(f) £ oa(f)] = fox 5% |0.02025| < 0.05 OK
oi < g(fo) 1.25753 < 3.10469 OK
oa(fo) < 0(fo) 0.0729 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

HVSR66A www.tromino.it

T59

Instrument: TRS-0004/00-06

Start recording: 22/08/14 12:28:49 End recording: 22/08/14 12:56:50
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h28'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HW at 52.19 + 0.11 Hz (in the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 52.19 * 0.11 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 52.19 > 0.50 OK

ne(fo) > 200 87675.0 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 out of 1214 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 44.375 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 4.01>2 OK
focak[Anv(f) £ oa(f)] = fox 5% |0.00108| < 0.05 OK
oi < g(fo) 0.05618 < 2.60938 OK
oa(fo) < 0(fo) 0.0961 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

AVSR67A www.tromino.it

T60

Instrument: TR-0007-01-05

Start recording: 22/08/14 13:13:35 End recording: 22/08/14 13:33:36
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analyzed 80% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HV at 0.38 + 3.81 Hz. (In the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 0.38 * 3.81 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/Ly 0.38 > 0.50 NO
n¢(fo) > 200 360.0 > 200 OK

oa(f) < 2 for 0.5f, < f < 2f; if fo > 0.5Hz Exceeded 0 out of 19 times OK

oa(f) < 3 for 0.5, < f < 2f, if fo < 0.5Hz

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 0.094 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 1.98>2 NO
focak[Anv(f) £ oa(f)] = fox 5% |5.0017| < 0.05 NO
oi < g(fo) 1.87564 < 0.075 NO
oa(fo) < 0(fo) 0.1462 < 2.5 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

www.tromino.it

T61

Instrument: TRS-0004/00-06

Start recording: 22/08/14 13:18:04 End recording: 22/08/14 13:46:05
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h28'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 63.97 + 2.22 Hz (in the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 63.97 * 2.22 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 63.97 > 0.50 OK

ne(fo) > 200 107467.5 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 out of 1026 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 38.938 Hz OK
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 273>2 OK
focak[Anv(f) £ oa(f)] = fox 5% |0.01735| < 0.05 OK
oi < g(fo) 1.10963 < 3.19844 OK
oa(fo) < 0(fo) 0.0945 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Aun(f), oa(f) is the factor by which the mean Aun(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla
HVSR69A www.tromino.it

T62

Instrument: TR-0007-01-05

Start recording: 22/08/14 15:15:31 End recording: 22/08/14 15:35:32
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. H/V at 63.97 + 0.19 Hz (in the range 0.0 - 64.0 Hz).

8
7 — Average HV |
G
5
4
3
2
1
00.1 1 10
frequency [Hz]
H/V TIME HISTORY DIRECTIONAL H/NV
9
8
7
6
5
4
3
2
o 2 4 B 8 10 12 14 16 18 20 1

min

SINGLE COMPONENT SPECTRA

10"

s -5 component
5 — E-\f component
10~ s || p-Diowen component
El
3
10 )
—
5
10"
-5
10
01 1 10

frequency [Hz]



ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 63.97 * 0.19 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo > 10/ Ly 63.97 > 0.50 OK

ne(fo) > 200 76762.5 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if fo > 0.5Hz Exceeded 0 out of 1026 OK
oalf) < 3 for 0.5f < f < 2f, if fo < 0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f-in [fo/4, fo] | Aunv(f) < Ao/ 2 NO
Exists f* in [fo, 4fo] | Aunv(f*) < Ao/ 2 NO
Ag>2 271>2 OK

focak[Anv(f) £ oa(f)] = fox 5% |0.00145| < 0.05 OK
oi < g(fo) 0.09249 < 3.19844 OK
oa(fo) < 0(fo) 0.0739 < 1.58 OK
Lw window length
Nw number of windows used in the analysis
Nc = Lw Nw fo number of significant cycles
f current frequency
fo H/V peak frequency
of standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition or < g(fo)
Ao H/V peak amplitude at frequency fo
Annv(f) H/V curve amplitude at frequency f
f- frequency between fo/4 and fo for which Ann(f -) < Ao/2
f* frequency between fo and 4fo for which Aun(f *) < Ao/2
oa(f) standard deviation of Ann(f), oa(f) is the factor by which the mean Ann(f) curve should
be multiplied or divided
Gloghv(f) standard deviation of log Ann(f) curve
0(fo) threshold value for the stability condition ca(f) < 0(fo)
Threshold values for orand ca(fo)
Freq.range [HZ] <0.2 0.2-0.5 0.5-1.0 1.0-2.0 >2.0
(fo) [HZ] 0.25 fo 0.2 fo 0.15fo 0.10 fo 0.05 fo
0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 0(fo) for oiogrnv(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO" Grilla
HVSR70A WwWw.tromino.it

T79

Instrument: TRS-0004/00-06

Start recording: 15/04/14 18:09:55 End recording: 15/04/14 18:31:55
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length:  0h22'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HV at 60.47 £ 0.24 Hz. (In the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 60.47 * 0.24 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/1L, 60.47 > 0.50 OK

n(fy) > 200 79818.8 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded 0 out of 1082 OK
oa(f) < 3 for 0.5, < f < 2f, if f; <0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f™ in [fy/4, fo] | Auv(f) < Ao/ 2 46.0 Hz OK
Exists f* in [fy, 4f,] | Aun(F) < Ao/ 2 NO
Ay >2 3.70>2 OK
focarlAun(f) £ oa(f)] = fo £ 5% 0.00193] < 0.05 OK
ot < &(fo) 0.117 < 3.02344 OK
oa(fo) < 0(fo) 0.0665 < 1.58 OK
Ly window length
Ny number of windows used in the analysis
n. = LynyTo number of significant cycles
f current frequency
fo H/V peak frequency
ot standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition o; < g(fo)
Ao H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f~ frequency between fo/4 and f, for which Apy(f ) < Ag/2
£ frequency between f, and 4f, for which Agy(f *) < Ag/2
oalf) standard deviation of Ay (f), oa(f) is the factor by which the mean Ay (f) curve should
be multiplied or divided
Glogrn(f) standard deviation of log Ayn/(f) curve
0(fo) threshold value for the stability condition ca(f) < 6(fo)
Threshold values for o;and ca(fo)
Freg.range [Hz] <0.2 0.2-05 05-1.0 1.0-20 >2.0
0(fo) for oa(fp) 3.0 2.5 2.0 1.78 1.58
Log 6(fo) for oiagun(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

Www.tromino.it

T78

Instrument: TRS-0004/00-06

Start recording: 12/07/13 08:13:13 End recording: 12/07/13 08:33:14
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h20'00". Analysis performed on the entire trace.
Sampling frequency: 128 Hz

Window size: 20 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HV at 57.19 £ 2.12 Hz. (In the range 0.0 - 64.0 Hz).
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ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017
TROMINO® Grilla

www.tromino.it

[According to the Sesame, 2005 guidelines. Please read carefully the Grilla manual before interpreting
the following tables.]

Max. H/V at 57.19 * 2.12 Hz (in the range 0.0 - 64.0 Hz).

Criteria for a reliable HVSR curve
[All 3 should be fulfilled]

fo>10/L, 57.19 > 0.50 OK

n(fy) > 200 68625.0 > 200 OK
oa(f) < 2 for 0.5f, < f < 2f, if f, > 0.5Hz Exceeded 0 out of 1134 OK
oa(f) < 3 for 0.5, < f < 2f, if f; <0.5Hz times

Criteria for a clear HVSR peak
[At least 5 out of 6 should be fulfilled]

Exists f in [fo/4, fo] | Auv(f) <A/ 2 38.125 Hz OK
Exists f* in [fy, 4f,] | Aun(F) < Ao/ 2 NO
Ay >2 3.80>2 OK
focarlAun(f) £ oa(f)] = fo £ 5% 0.01834 < 0.05 OK
oz < g(fo) 1.04897 < 2.85938 OK
oa(fo) < 0(fo) 0.1625 < 1.58 OK
Ly window length
Ny number of windows used in the analysis
n. = LynyTo number of significant cycles
f current frequency
fo H/V peak frequency
ot standard deviation of H/V peak frequency
g(fo) threshold value for the stability condition o; < g(fo)
Ao H/V peak amplitude at frequency f,
Ann(f) H/V curve amplitude at frequency f
f~ frequency between fo/4 and f, for which Apy(f ) < Ag/2
£ frequency between f, and 4f, for which Agy(f *) < Ag/2
oalf) standard deviation of Ay (f), oa(f) is the factor by which the mean Ay (f) curve should
be multiplied or divided
Glogrn(f) standard deviation of log Ayn/(f) curve
0(fo) threshold value for the stability condition ca(f) < 6(fo)

Threshold values for o;and ca(fo)

Freg.range [Hz] <0.2 0.2-05 05-1.0 1.0-20 >2.0
(fo) [HZ] 0.25f1, 0.2 fy 0.15f, 0.10f, 0.05 fy

0(fo) for oa(fo) 3.0 2.5 2.0 1.78 1.58
Log 6(fo) for oiagun(fo) 0.48 0.40 0.30 0.25 0.20




ADOTATTO con Delibera di C.C. N. 182544/105 del 31/10/2017

TROMINO® Grilla

HVSR72A www.tromino. it

T77

Instrument: TRS-0004/00-06

Start recording: 15/04/14 15:46:28 End recording: 15/04/14 16:16:29
Channel labels: NORTH SOUTH; EAST WEST; UP DOWN

GPS data not available

Trace length: ~ 0h30'00". Analyzed 95% trace (manual window selection)
Sampling frequency: 128 Hz

Window size: 30 s

Smoothing window: Triangular window

Smoothing: 10%

HORIZONTAL TO VERTICAL SPECTRAL RATIO
Max. HV at 47.81 £ 3.06 Hz. (In the range 0.0 - 64.0 Hz).
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