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EERA — Case study B

Linear equivalent 1D ground response analysis

WEB SITE TO DOWNLOAD EERA:

http://gees.usc.edu/GEES/Software/EERA2000/Default.htm

U

EERA

Equivalent-linear Earthquake site Response Analysis
Wersion 2000
This page was |ast updated on July 02, 2004

EERA is a modemn implementation of the equivalent-linear concept of earthquake site response analysis, previously implermented in the original and later versions of SHAKE.

System requirement, downloading files and user's manual

Installing EERA

Remaoving EERA
Automatizing EERA using Visual Basic macros

Frequently asked questions
Reporting problems and asking questions
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Perform 1D site response analysis at the site of Gioia Tauro, Calabria (Italy)
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Required inputs :

 Solil profile

* Material stress-strain and damping-strain curves
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Available input data:
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* Lithostratigraphic profile from geological logs

* In-situ and laboratory test results
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Available input data:

Shear modulus degradation curves for coarse grained soils at the site of Gioia Tauro at different depths
associated to different effective pressure p’= 50, 175, 350 kPa
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Available input data:

Damping degradation curves for coarse grained soils at the site of Gioia Tauro at different depths associated
to different effective pressure p’= 50, 175, 350 kPa
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Depth [m]
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v" Selection of an appropriate soil profile
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v Selection of appropriate modulus vs. shear strain and damping ratio vs.

shear strain curves
/ !
,_Oyp ™ 26,

26,
3

Hp:

with o, =Kjo,,=0.50,, :> p' =

Given the 3 values of effective pressure p’ = 50, 175, 350 kPa and o
assuming a specific weight for the soll, the average depths to which 7 =0

the available G/G, and & curves are associated can be calculated Y
Assuming y' =18 k_N; The 3 provided G/G, and & curves are

m’ respectively adopted for the layers:
p’ =50 kPa z=4m G/Gy(50 kPa), (50 kPa) — Layer 1-2
p' =175kPa |:> z=15m |:> G/G,(175 kPa), (175 kPa) — Layer 3-4
p' =350kPa z=29m G/G,(350 kPa), £(350 kPa) —» Layer 5-7
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v Selection of appropriate modulus vs. shear strain and damping ratio vs.
shear strain curves
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EERA — Case study

v' Seismic input: 7 real accelerograms recorded on outcropping bedrock,
available at http://www.eucentre.it/seismhome.html for the site of Gioia Tauro.

@) SEISM-HOME - Mozilla Firefox
File Modifica Visualizza Cronologia Segnalibri Strumenti  Aiuto
= a— .

(@ SEISM-HOME +
(— W www,eucentre.it/seismhome.php ¢ ‘ |':.l' Google
o

B Pid visitati :_: Login 0 Comeiniziare 5 Ultime notizie || terremoto Giappone ﬁ Wolfram|Alpha: Comp...

Dati || Ricerca Comuni ACCELEROGRAMMI

Layers = |
[ [__] Confini amministrativi |

STRUMENTI DI NAVIGAZIONE

oy v SER QR | = N

| Legenda

accelerogrammi_475 [
= Gruppo 1
= Gruppo 2
= Gruppo 3
= Gruppo 4
= Gruppo 5 <
= Gruppo 6 -

DOWHNLOAD

Login -

Hi, egeos-operator G IO I A TA U RO

| Logout
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EERA — Case study

7 real accelerograms recorded on outcropping bedrock,

available at http://www.eucentre.it/seismhome.html for the site of Gioia Tauro.

v Seismic input:

475 years

Tr=

Amm\Evoom Amm\Evoom Amw\Evoom Amm\Evoom
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Required outputs :

» Calculate and plot the average acceleration response spectrum (horizontal
component and return period of 475 years) at the ground surface

» Calculate and plot the amplification spectra between the outcropping
bedrock input motion and the ground surface. In the response spectrum
calculations, use a spectral damping ration of 0.05.
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v' EERA analysis: earthquake
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IE_] File Medifica Visualizza Inserisci  Formate  Strumenti  Dati Finestra ! EERA
E44 - b
A | B | C | D E | F G | N K | N
| 1 |Acc 1 owtcropping Tr=475 years
| 2 | Time step AT (sec) = 0.01 03
1 3 | Desired maximum acceleration (g) = .
4| Maximum frequency cut-off (Hz) = In p ut 02
| 5 | Use frequency cut-off in calculation 7 Mo = L
| 6 | Number of paints for FFT = 4096 = 01 L | L "
7 i 2 o
| 8 | Name of input file = DIAM.ACC © 0+ ﬂnﬁjﬂ'
| 9 | Total number of values read = 3998 %
10 | Peak Acceleration in input file (g) = 0.2640 2 01 T -
111 Time of peak acceleration (sec) = 7.000 =L |
| 12 | Mean Square Frequency (Hz) = 5.502 -02 }
| 13 | Peak acceleration after filtering (g) = 0.264
Input Scaled Filtered 0.3
Time (sec) Acceleration Acceleration Acceleration 0 5 10 15 Time@(sec) 25 30 a5 40
14 (@) () @)
15 0.000 0.00E+00 0.00 0.00 0.3 :
E 0.010 -1.91E-03 0.00 0.00 @ 02 i Scaled Acceleration
| 17 | 0.020 -5.22E-03 -0.01 -0.01 S 01
|18 | 0.030 -742E-03 -0.01 -0.01 S Y17
| 19| 0.040  -7.03E-03 -0.01 -0.01 g 0 1
|20 | 0.050  -6.92E-03 -0.01 -0.01 T 01 -
| 21| 0.060  -8.20E-03 -0.01 -0.01 by
22 0070 -B.17E-03 0.01 001 < 021
|23 | 0.080  -4.65E-03 0.00 0.00 -0.3 T T T T T T T
24 0.090 -1.91E-03 0.00 0.00
| 25| 0.100  -4.90E-03 0.00 0.00 0 2 10 15 20 25 30 3 40
26| 0110  -9.58E-03 -0.01 -0.01 Time (sec)
| 27 | 0120  -8.06E-03 -0.01 -0.01
| 28 | 0130 -5.79E-04 0.00 0.00 0.3
| 29 | 0.140 5.76E-03 0.01 0.01 G 02 Filtered Acceleration
| 30 | 0.150 7.25E-03 0.01 0.01 =z
| 31] 0160  6.00E-03 0.01 0.01 S 0.1 1
| 32 | 0.170 4 11E-03 0.00 0.00 ® 0 -
|33 | 0.180 1.23E-03 0.00 0.00 % 01 4
| 34 | 0190  -2.11E-03 0.00 0.00 g
| 35 | 0.200 -3.46E-03 0.00 0.00 < -0.2 4
| 36 | 0210 -1.49E-03 0.00 0.00 03 : : : : : : :
i 0.220 2.65E-03 0.00 0.00
38 0230  649E-03 0.01 0.01 0 o 10 15 20 25 30 35 40
4 4 » » Earthquake  Profile / Mat 1 / Mat 2 / Mat 3 / Tteration urier £ /

Acceleration_surface / Strain f A

—
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v' EERA analysis: profile
] Eile Modifica Visualizza Inserisci  Formato Strumenti  Dati  Finestra 7 EERA Digitars una domanda. -8 X
239 - R

AT | G D F G H J K E M | [P] @ [R] i | [TeiE =
| 1 |Soil profile 3
| 2 | Fundamental period (s) = 0.94 . Grax (MP2) Shear wave velocity (m/s)
|3 | Average shear wave velocity (m/sec ) = 25517 I n p ut Ly
| 4 | Tutwer of guﬁvers = 34 = J 4 i 0 100 200 0 200 40

Sail Mumber of Thickness Naumam In.mal Total unit Shear Loz son Location Dgpth . Vertical 0 : 0 I =
Layer Kiater shear critical wave and type of] middle of :
aterial sublayers  of layer weight 2 of water effective
Mumber Type in layer (m) modulus  damping (kN/m?) velocity  earthquake table layer stress (kPa)

A Gmax (MPa)  ratio (% (m/sec) input motion {m) 10 4 10 4
| 6 | Surface 1 1 1 22 4128 18.00 150 1.1 19.80
| 7 | 2 1 1 2.8 41.28 18.00 180 w 3.6 64.80
| 8 | 3 1 3 5.0 73.39 18.00 200 5.8 96.83 20 4 20 A
[k 4 2 4 8.0 88.81 18.00 220 75 110.48
110 i 2 4 7.0 121.05 19.00 250 9.2 124.13
il G 3 6 10.0 148.62 20.00 270 1.0 139.14 —_ = 4
| 11 £ 30 e 30
| 12 | 7 3 6 10.0 165.60 20.00 285 13.0 155 52 = —
1 13 | 8 3 8 15.0 183.49 20.00 300 18.0 171.90 E= -*‘C—-Q_
| 14| Bedrock 9 4 224261 22.00 1000 Outcrop 17.0 186.28 3 ] 40
| 15 | 18.875 204.511261 0 40 A O
| 16 | 20.6 220.59
| 17 | 224 236.68
18| 241 25276 50 A 30 1
119 258 269.29
20 275 286.28
| 21| 2916667 303.258362 60 60
| 22 | 30.83333 320.241699
| 23 | 32.5 337.225037
|24 | 34.16667 354.208374 70 70
| 25 | 35.83334 371191711
| 26 | 37.5 388.175049
| 27 | 39.16667 405.158386 Unit weight (kN,‘ma)
28 40.83334 422141724
29 4250001 439.125061 0 10 20 30
130 | 44 16668 456.108398 0 : —
| 31 45.93751 474.153198
|32 | 47.81251 493.25946
| 33 | 4968751 512365723 10 A
| 34 | 51.56251 531.471985
| 35 | 53.43751 550.578247
| 36 | £5.31251 569.684509
37| 5718751 £88.790771 20 1 3
4 4 » w[\_Earthguake  Profile{ Mat 1 / Mat 2 / Mat 3 / Mat 4 / Tteration / Acceleration surface / Strain £ Ampl / Fourier / Spectra / |« om |
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EERA — Case study
v' EERA analysis: materials (Mat 1)

@_1 File Modifica Visualizza Inserisci Formato  Strumenti  Dati Finestra 7 EERA
- A
A | B | C | Barra della Formu|a| | F | G | H | | J | K | L | M | N
| 1 |Assimaki et al., 2000
bl bl hl -

2 Strain (%) GG Strain (%) Damping (%)

3 1.00E-04 1.00E+00 100E-04  7.60E-02
4] 2.00E-04 9.96E-01 200E-04  151E-01 1.00E+00 - 3.00E+01
|5 | 3.00E-04 9.93E-01 3.00E04  226E-01 1
| 6 | 4.00E-04 9.89E-01 4.00E-04  2.99E-01 ] | 2 50E+01
| 7] 5.00E-04 9.86E-01 5.00E-04  3.72E-01 8.00E-01 .
|8 | 6.00E-04 9.83E-01 6.00E-04  4.44E-01 ] - )
| 9| 7.00E-04 9.79E-01 7.00E04  515E-01 1 <L 2.00E+01 96-
10 8.00E-04 9 76E-01 B.OOE-04  5B5E-01 01 ] . 3=
1] 9.00E-04 9.73E-01 9.00E-04  6.55E-01 g 8.00E-01 1 — Shear Modulus g
| 12| 1.00E-03 9.70E-01 1.00E-03  7.24E-01 o I — Damping Ratio - 1.50E+01 5
13 2 00E-03 9.39E-01 200E-03  1.38E+00 S 4 00E.01 1 .
14 3.00E-03 9.12E-01 3.00E-03  1.97E+00 : 1 £
15| 4.00E-03 8 87E-01 4.00E-03  251E+00 1 - 1.00E+01 =
16 5.00E-03 8 64E-01 500E-03  3.02E+00 1
| 17 | 6.00E-03 8.43E-01 6.00E-03  3.48E+00 2.00E-01 7 | 5 00E+00
18| 7.00E-03 8.23E-01 TO0E-03  3.91E+00 1 :
19 8.00E-03 8.05E-01 B.OOE-03  4.32E+00 1
ﬂ 9.00E-03 7.89E-01 5.00E-03 4 TOE+00 0.00E+00 T -I__I_I’Ifl’l:lr_ T T T T T T T ——+ 0.00E+00

21 1.00E-02 7.73E-01 100E-02  5.06E+00
22 2 00E-02 £ 5EE-01 200E02 779400 100E-04 100E-03 1.00E-02 1.00E-01 1.00E+00
23] 3.00E-02 5 79E-01 3.00E-02  9.63E+00 Shear Strain (%)
|24 4 00E-02 5 25E-01 4.00E-02  1.10E+01
25| 5.00E-02 4 83E-01 500E-02  1.21E+01
| 26| 6.00E-02 4 50E-01 6.00E-02  1.29E+01
| 27 7.00E-02 4 23E-01 TO0E-02  1.37E+01
| 28| 8.00E-02 4.00E-01 B.ODE-02  1.43E+01
| 29 9.00E-02 3.80E-01 9.00E-02  1.49E+01
30 1.00E-01 3.62E-01 100E-01  154E+01
| 31 2 00E-01 2 61E-01 200E-01  1.84E+01
|32 3.00E-01 2 12E-01 3.00E-01  2.00E+01
| 33 4 00E-01 1.82E-01 4.00E-01  2.10E+01
EA 5 00E-01 1.61E-01 500E-01  218E+01
35 6.00E-01 1.46E-01 6.O0E-01  224E+01
| 36| 7.00E-01 1.34E-01 TO0E-01  228E+01
| 37 8 00E-01 1.24E-01 B.ODE-01  232E+01
Ea 9.00E-01 1.16E-01 9.00E-01  235E+01
39 1.00E+00 1.09E-01 100E+00  2.38E+01

4 4 » W[\ Earthquake / Profile % Mat 1,/ Mat 2 / Mat 3 / Tteration / Acceleration_surface / Strain / Ampli / Fourier / Spectra /
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EERA analysis: iterations
iE] File Modifica Visualizza Inserisci Formato Strumenti Dati  Finestra 7 EERA Digitare una domanda. Bl
ACY4 - fx
| p——— e [ w0 0 ]k e w0 T T e [ R s Tl u ]l v ITw | x | v [z [ aa] a | a | -

| 1] Humber of terations : 40 |L‘

2 |tio of effective and maximum shear strain 1

: : input
| 4 | Convergence achieved (%

Cenvergenc Convergence Maximum Depth at Maximum
fteration - Sublayer Type Depth Shear GG Damping eon Shear onDamping stress top of acceleratio . P—

. Number  Mumber Modulus (%) odulus (%) %) (kPa) su?;;,rar n () Maximum Shear strain (%) Damping Ratio (%)
| 6 | 1 1 1 1.1 003256 723 412844 1 0.07603 0 0 13.4432 0 0.08 01 015 0 15 0 5 10 15
[ 7 | 2 1 36 0.0967 725 412844 1 0.07603 0 0 39.9207 0 0 . .
| 8 | 3 1 583333 0.08049 7.25 73.3945 1 0.07603 0 0 59.0788
[ 9 | 4 1 7.5 0.08872 8.14 73.3945 1 0.07603 0 0 65.8462
110 | 5 1 916667 009723 814 7330945 1 0.07803 i 0 713626
[ 11| 6 2 11 0.08302 814 88.8073 1 0.04369 0 0 737252 104 10 A
[12 | 7 2 13 0.08348 8.13 8B.8073 1 0.04869 0 0 74133
[13 | 8 2 15 0.09128 7.39 88.8073 1 0.04869 0 0 B81.0635
[ 14 | 9 2 17 0.0983 7.39 88.8073 1 0.04869 0 0 87.2948 20 20
[ 15 | 10 2 18875 0.07576 7.4 12108 1 0.04869 0 0 8LTMS
16 | 1 2 20625 0.08004 7.41 12105 1 0.04369 0 0 96.3345
[ 17 | 12 2 22375 0.08277 741 121.08 1 0.04869 0 0 100.198 = £ 30 { 2
[ 18 | 13 2 24125 0.08266 7.41  121.08 1 0.04869 0 0 100.058 = £ E
119 | 14 3 258333 0.06713 7.44 148624 1 1.07498 0 0 89.7708 = =3 =
[ 20 | 15 3 275 0.07223 7.44 148624 1 1.07498 0 0 107.3¢6 2 & 40 =
[ 21| 186 3 201667 0.07627 7.44 148624 1 1.07498 0 0 113382 o 40
|22 | 17 3 30.8333 0.07994 7.45 148624 1 1.07498 0 0 118.807
[23 | 18 3 32.5 0.08266 7.45 148624 1 1.07498 0 0 122.355
[ 24 | 19 3 341667 0.08404 7.45 148624 1 1.074%8 0 0 124.898 50 50
[ 25 | 20 3 358333 0.0752 7.46 165596 1 1.07498 0 0 124527
26 | 21 3 375 0.07356 746 165596 1 1.07498 i 0 12182
[ 27 | 22 3 39.1867 0.07029 7.46 165596 1 1.07498 0 0 116.398 - 60 4 60
| 28 | 23 3 40.8333 0.06574 7.46 165596 1 1.07498 0 0 108.857
129 | 24 3 425 0.06229 3.83 165.506 1 1.07498 0 D 103.143
30 | 25 3 441667 0.086441 3.83 165596 1 1.07498 0 0 106654 70 70
31| 26 3 458375 0.06017 3.84 183.486 1 1.074%8 0 0110397 70
32| 27 3 47.8125 0.06214 3.84 183.486 1 1.07498 0 0 114014
33 | 28 3 496875 0.06413 3.83 183.486 1 1.07498 0 0 117862 )
34| 29 3 515625 0.06597  3.83 183.486 1 1.07488 0 0 121.037 Maximum Shear Stress (kPa) Maximum Acceleration (g)
| 35 | 30 3 E53.4375 0.06753 3.83 183.486 1 1.07498 0 0 123916 0 50 100 150 0 0.1 0.2 0.3
36 | 3 3 553125 0.0688 3.84 183486 1 1.07498 i 0 126242 ) )
[ 37 | 32 3 ST.1875 0.07019 3.84 183486 1 1.07498 0 0 128795 0 0
[ 38 | 33 3 59.0625 0.07136 3.85 183.486 1 1.074%8 0 0 13084
39 | 34 4 50 0.00598 3.85 224261 1 069105 0 0 134.062
(40 10 A 10 4
[ 41| 2 1 1 11 0.01668 7.35 28.4893 069007 6.57943 309926224 B079.46875 474522
| 42 | 2 1 36 0.07005 7.35 202147 0.48965 119037 51.0354424 15555.8707 14.1614
[ 43 | 3 1 583333 0.04806 508 384505 052389 110222 47611145 143966221 184776 2 20 4
[ 44 | 4 1 75  0.0594 7.49 36.9643 050364 115435 496361732 150822275 21.9561 1
[ 45 | 5 1 916667 0.07099 7.49 35.8617 0.48862 119302 51.1384087 15590.8311 25.4585
| 45 | [ 2 11 0.0539 7.5 53.4491 060185  09.061 30.8145523 18508.0215 28.8076 — an

|¢\ m ] v
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v' EERA results: acceleration, velocity, displacement
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li—'i‘l File Moedifica Visualizza Inserisci  Formato  Strumenti  Dati Finestra 7 EERA
ADA4 - A
A [ pe— e | E [ F | & [ H [ 0+ [ 4 [ K [ L [ m [ w [ o[ ®” [ 9 | R
1 Mumber of sublayer= 1 .
z Tupe of sublayer = Outcrop I n p Ut
3 i=pth &t top ot sublayer (m]= U 0.3
4 Marimum acceleration (gl = 0.237 0.25
5 Time of maximum acceleration [sec)= 7.33
] Mean Square frequency [Hz)= 2.56 0.2
7 Marimum relative velacity [mis] = 0.246854 015 ]
5] Time of manimum relative velocity [sec)= 2.70 = ’I IL I
3 Mauimum relative displacement (m]= 0.03772 Z 01 r li ﬂ
10 Time of masimum relative displacement [sec)= 4.05 2 005 . J H 1 4 A i l i |L
. m
Time [sec] Absolute Pislatiue DisE;EaIz::ent s 0 ﬂl‘iﬂ J H '| } rl"'lﬁli'.':‘lidwlll'l“il‘hr ‘i"l"’..]'ﬂ A "m ﬂlﬂn'l'
" Acceleration (g)  Velocity [mis) iml § 0.05 m J [ “ll |r IIHHI
. T W L]
12 0 -0.000209333 -0.014302663 0.00072655 < 01 | I IllI U ' !
13 0.01 0000447168 -0.014634332 0.00060838 : 4 ™
14 0.02 0001057668  -0.0142071163  0.00046362 -0.15
13 0.03 00016058532 -0.0134005873  0.00032541 02
16 0.04 0002032075 -0.012452623 0000013533 :
17 0.05  0.002505351 -0.0M56427  T.573E-0% -0.25
15 0.06 00025854323 -0.0M0557277 -3.5E-05
13 007 0003142573 -0.003440346  -0.000135 10 15 Time%gec} 25 30 35 40
20 0.03 0003373812 -0.00344331 -0.0002242
| 0.03 0003575513 -0.007743168  -0.000305
22 01 0.00373536 -0.00704135% -0.0003732 03
23 011 000353758433  -0.005346004  -0.0004445 (E'
24 0.1z 000400123 -0.004667353 -0.0004375 . 0.2
29 0.13 000412773 -0.003751433 -0.0002332 E \ n h
26 04 000421745 -0.003513421 -0.0005752 S 04 1l a . 1 |
=7 015 0.0043165705 -0.003570776  -0.0008105 Z - l “ M H J\ ﬂ ﬂ f\
28 015 0004412256 -0.003613409  -0.0006466 =] ﬂ f\ .n
] 017 0004503222 -0.0035321%8 -0.0006325 z 0 "‘wﬁ“ H"M i rl\lj o '!'r""'.u,hwr\‘-“ ] h'u 'l'n'“.J n"vnv"v"‘u‘v'"‘w u“‘u“unuhr” “'\
30 015 0004557323 -0.003251465 -0.0007166 @ ﬁ l “ u ” Mtuw \f u H‘[ \ u" U ’
31 013 0004664033 -00002694323 -0.00074E66 £ 01 i T i
32 0z 0004728479 -0.001322535 -0.0007637 B | V |
=B 021 0004777313 -0.00M66325 -0.0007531 o
34 0.2z 0004303504 -000006T3503  -0.000794 -0.2 ] T
&5 0.23 0.004515714  -0.000541371  -0.0007935
36 0.24 00047335258 -0.000642506 -0.0005056 -0.3
37 0.25 0004735275 -000007S0346 -0.0008127
35 0.26 00045623247 -0.000717072 -0.0003202 10 15 20 25 30 35 40
EE] 027 0004461545 -0.000545158 00005265 Time (sec)
40 0.2 0004203123 -0.000286137 -0.0003303
41 0.23 0003539332 9.22342E-05 -0.0005313
4z 03 000330412 0L0D0G23%6 -0.000828d 0.05
43 031 0002540734 0001230395  -0.000313H . 004
44 0.32 0.0014356585 0.001550773  -0.0003045 [ ﬁ
45 033 0000191365  0.001254133 -0.0007337 = 0032
45 0.3 -0.001211563 4.80474E-05  -0.0007525 g 0.0z ” N
47 0.35 -0.002477614 -0.001616363 -0.0007303 s j “ |‘I J‘l n ﬂ Jl
45 0.36 -00034339752 -00002870324  -0.0005135 = 00 # ht |
43 0.37 -0.004043008 -0.003172747 -0.0008445 = g4 AL i ﬂ N oap A VI AV M A A A Al
S0 035 -000425583 -00002803763 -0.0003747 = LW Tl L
51 0.33 -0.004066071 -0.002355445  -0.0003005 D \\jl H [ ”U ]\r” ” llr IﬁJ U U U ” U \Jr ™ H lhull U UU H v
W 4 » nl, Earthquake / Profie / Mat 1 / Mat 2 / Mat 3 / Mat 4 ,{ Iteration ' Acceleration_surface / Strain { Ampli { Fourier / Spectra /
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EERA — Case study
v EERA re_:_sult_s_: §tr_ain

S — =
E_] File Modifica Visualizza Inserisci  Formato  Strumenti Dati Finestra 7 EERA
AGST - 3
a | ppt—e—r—m [ e | F [ & [ H [ v [ o [k [ L [ m [ nv [ o r [ o [ rR [ s [ 17 [ v [ ¥
[ 1| | rumber of sublayer= 1 |-
2] memmEm— | NP Ut
| 3 FAazimum strain [* 0040
| 4 | Effective strain [] = 0.0070
| 5 | Flumber of soil material type = 1
| & | Shearmodulus compatible to strain (MPa) = 33.9304
| 7 | Mazimum stress (kPa) = 48272
| & | Time of maximum strain and stress (zec) = 7.340
0.0z
Time [sec)  Strain ] Stress [kPa) Energy (kPa) 0.015 4 6
: 0.01 4
10| 0 GIGIE-05 0005559647 ] g 5
KN 00 1.27E-08 000729676 287099E-09 = 0.005 4
| 12 | 002 2376E-05 0019428892 9.95402E-09 & 0 L 4 4
EER 003 EFEO5 00302702342 200177E-08 & .00
KX 004  B652E-05 0039772782 317586E-08 -uats b
3 005 0.000M21 0047902547 4.4029E-08 -0.01 A 3
1| 006 0.000134 0054723829 B.5IT32E-08 _0.015 . . . , = ]
6| oo ooom  ooesnzne 7roeeesos 0 5 10 15 2 s g1
18 003 0000307 DOBSEEETT  BE0M4IE-08 . | w g
E 01 00001918 0072092265 9.39893E-08 Time (sec) 8
El 04 0000201 0074860297 1.01207E-07 & -1 A
| 22 | 01z 00002101 00773046 107EB1E-07 6
| 23| 013 0000218 0073543912 1M212E-07 -2 4
|24 | 014 00002255 0081662491 120363E-07 4
| 25 | 015 00002328 Q0FIEE44TT  126404E-07 T 5] -3
a2 006 00002398 0026596474 132397E-07 = o
| 27 | 017 00002465 0087433243 1383E-07 FEE
Ea 012 00002629 0.0FMITEE  144025E-07 % 5] 5 . . .
23 013 00002589 D.0I06TE4E3  149431E-07
30 02 00002642 0031377234 154344607 Y -0.02 -0.01 0 0.01 0.0z
EN 021 00002688 0092974342 158559E-07 Strain (%)
E3 022 00002723 00336502 161345E-07 -6 T T T T
| 33| 023 00002745 0093737043 16I4E-07 0 5 10 15 20 25
Ea 024 00002752 0093297943 164535E-07 )
| 36 | 025 00002738 0.082121854  163263E-07 Time (sec)
| 5 | 026 00002697 0053997031 159633E-07
E 027 00002622 0.0BEE19385  152M2E-07
Ea 028 00002499 0.081541563  143053E-07 0.0035
E2 029 00002308 007400114 1.28897E-07 5 0.003 4
|40 | 03 0000202 0.0B33IT401 110679E-07 o -
KN 0.3 00001638 0043051405 9.04096E-08 < 0.0025 -
|42 | 032 0.000100 00Z7IZETH TAIHGE-08 & 0.002 -
K= 033 26E3E-05 DOMTEIIEE  T303E-08 A
K 034 .55E05 0025566461 939E-08 w0001
|45 | 035 000031 -00B03305S  1.32212E-07 £ 0.001
| 46 | 036 -0.000132 00632923652 174349E-07 % 0.0005 4
KA 037 0000233 -00HZIIE0E  2OTTTSE-OT
| 48| 038 -0.0002621 -00B54G3E  Z24E.07 0 T T T T
| 48| 039 00002475 008170253 2.20287E-07 | 5 10 15 20 25
| 50 | 04 00002244 -00TIZE2ITE  20IEIE-OT )
= 04 0000tz -DOGHEZ4EE  1E48I5E0T Time (sec)
| &z | 042 00001551 0044970636 167298E-07
| 53 | 043 -2.826E-05 -0.023857957  154337E-07
|54 044 FE44E-08 0008427622 161973E-07
55 045 00001 0049234845 220407E-07
M 4 » M|\ Earthquake / Profile / Mat1 f Mat2 / Mat 3 / Mat 4 / Tteration / Acceleration_surface ) Strain / Ampli / Fourier / Spectra /
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v" EERA results: amplification spectrum

El] File Modifica Visualizza Inserisci  Formato  Strumenti  Dati Finestra ? EERA

- x
A p——t—tft———st—p— | E | F [ 6 | H | + | J [ K | L | M | N
| 1] MNumber of first sublayer = 35
2 Type of first sublayer = Outcrop input
| 3 | Number of second sublayer = 1
| 4 | Type of second sublayer = Outcrop
| 5 | Maximum amplification = 2.887
| 6 | Frequenu:},‘r of maximum amplification (Hz) = 0.800 2 g ]
Frequency Amplitude %g 4
(Hz) =)
7 = 22 A
8 | 0.00 100 or 2
9| 0.20 1.07 c 18+
10| 040 131 = 13 I
11 0.60 1.89 S 19 |
12 0.80 2.89 = e
| 13| 1.00 2.39 =
[14] 1.20 161 < 06
| 15| 1.40 1.27 0.4
| 16 | 1.60 117 0.2 -
i 1_80 1_22 0 T T T T T T T T T T T T T T T T T T T T T T T U
187 200 144 0 5 10 15 20 25
19 220 1.84
20| 240 206 Frequency (Hz)
|21 2.60 1.73
| 22 | 2.80 1.36
| 23 | 3.00 117
| 24 | 3.20 1.1
| 25 | 3.40 115
26 | 3.60 1.24
27| 3.80 1.30
28| 4.00 1.23
| 29 | 4.20 1.07
| 30 4.40 0.95
Eil 4.60 0.88
| 32 | 4 80 0.86
| 33| 5.00 0.89
| 34 | 5.20 0.92
| 35 | 540 0.92
| 36 | 5.60 0.86
m | 37| 580 0.79
| 38 | 6.00 0.72
M « » W[ Earthquake / Profile / Mat1 / Mat2 / Mat 3 / Mat 4 / Iteration / Acceleration_surface / Strain ' Ampli/ Fourier / Spectra /
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v' EERA results: Fourier spectrum

|E_1 Eile Modifica Visualizza [nsenisci  Formato  Strumenti Dati Fipestra I EERA
W42 - &
a g T ¢ T 0D [T E [T F T 6 T w [ 1 T 9 7T kK T L
1 MNumber of sublayer = 1
| 2 | Type of sublayer = Outcrop |;
| 3 MNumber of maoving average(s) = 0 InpUt
4 Depth at top of sublayer (m) =0
KN Fundamental frequency (Hz) = 1.000977
FFE?HUE;]CY Amplitude 014
6 @
7 0.00 0.00168975 5 0121
| 8 | 0.02 0.00168332 = 014
| 9 0.05 0.00182624 £ 0.08 4
10 | 0.07 0.00174756 f 0.06 -
11| 010 0.00176756 2z i
|12 012  0.0018727 2 0.04 1
| 13 0.15 0.00182845 w 0.02 4
14 | 017 0.00213085 O o T s B L e B e e L e e e e
15 0.20 0.00199422
| 16 | 0.22 0.00560763 0 2 4 6 8 10
17 | 0.24 0.01936205 Frequency (Hz)
18 | 0.27 0.01839953
19 | 0.29 0.00852047
| 20 | 0.32 0.02916838
| 21 0.34 001223337
| 22 | 0.37 0.01382176
| 23 | 0.39 0.01981444
| 24 | 0.42 0.01035096
| 25 | 0.44 0.01115207
| 26 | 046 002122863
| 27 | 049 001127524
| 28 | 0.51 0.03701066
| 29 | 054 003940947
| 30 066 0.04375034
Eill 0.59 0.03687613
| 32| 0.61 0.07935617
| 33 | 0.63 0.05130596
| 34 | 0.66 0.07344424
| 35 | 0.668 0.03709931
| 36 | 0.71 0.07458544
m | 37 | 0.73 0.01931384
| 38 | 076 003315134
4 4 » v Earthquake / Profile / Mat1 / Mat2 / Mat 3 / Mat 4 / Iteration / Acceleration_surface £ Strain / Ampl ', Fourier ; Spectra /
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v' EERA results: response spectra
.
e — R =
@ File Mod“rﬁca Visualizza _Irkse!isc'l Formato  Strumenti  Dati  Finestra I EERA Digitare una domanda. O x
Y42 - &

e e ——— | E | F | @ H | K L [ ™ N [ o | @ R | s [ 1 | u [ v [ w | —
[z Number of sublayer= 1 . E
2] Type of sublayer = Outcrop | n p ut

3 s : z
4| Depth attop of sublayer (m)= 0
| 5 | Maximum Spectral Acceleration (g)= 1.0523 ¥
| 6| Madmum Spectral Velocty (cmis) = 76 7616 12 = 18 |
=] &
Pseudo Pseudo : : amenr Jimetor MTellgsn[lnr; E 14 5 G
Period Relative AbSghize : Relative Abso\ut_e Relallye Maximum Ma.xlm_um Relative g E 14 4
(sec) Velocity  Acceleration Displacement Acceleration Velocity — Absolute  Relative Displace T 08 2 12 4
{cm) (g) {cmis)  Acceleration Velocity P - a
(cmis) (g} (sec) (sec) ment R - 10
i (sec) 3 : Z g 8 —
En 0.01 037 024 0.00 024 037 0.00 0.00 0.00 = 044 =R
ER 0.0z 074 0.24 0.00 0.24 0.08 7.33 7.29 733 = &
| 10 | 0.03 143 0.24 0.01 0.24 0.18 7.33 729 7.33 2 0.2 T 44
| 11 | 004 151 0.24 0.01 024 0.35 733 729 734 ‘% 4‘5 2 A
| 12 | 0.05 187 0.24 0.01 0.24 0.61 7.32 7.29 732 0 ] ! o 0 r T
| 13 | 0.06 250 027 0.02 0.27 0.96 7.32 7.39 7.33 0.01 0.1 1 10 w 0.01 0.1 1 10
14 0.07 313 0.29 0.03 0.29 1.08 7.33 T7.40 733 % i )
EE L 359 0.29 0.05 0.29 150 733 728 733 Period (sec) Period (sec)
16 0.09 440 0 0.06 0.31 232 7.33 7.29 733
|17 0.10 5.69 0.36 0.09 0.36 3.36 7.33 7.29 7.33 oy %0
|18 | 0.11 7.64 0.44 013 045 482 7.33 7.29 7.33 g 804
| 19| 012 10.25 055 0.20 055 7.26 733 7.30 7.34 g T0 A
| 20 | 0.13 1262 0.62 0.26 0.63 971 734 7.38 734 @ G0
[21] 014 14.99 068 033 0.69 1273 7.35 7.39 7.35 =@ 50
| 22 | 015 18.35 078 0.44 079 1531 744 740 745 % g 40
| 23 | 0.16 2170 0.87 0.55 0.88 18.34 7.45 T4 745 [
| 24 | 017 2254 0.85 0.61 0.86 18.65 7.48 742 7.48 o 30 1
| 25| 018 2570 0.9 074 0.91 21.41 7.47 7.42 7.47 5 204
| 26 | 019 30,99 1.04 0.94 1.04 27.01 7.48 743 T.48 3 10 A
| 27 | 0.20 3256 1.04 1.04 1.05 28.87 7.49 744 7.49 2] ] LR e L R T
| 28 | 0.1 20.26 092 1.01 0.93 26.48 7.50 745 751 001 01 1 10
| 29 | 0.22 2505 073 0.88 074 213 7.5 746 752 ) )
| 30 | 0.23 2370 0.66 0.87 0.66 19.48 7.52 746 752 Period (sec)
| 31| 0.24 2430 0.65 0.93 0.65 20.47 8.40 8.47 841
| 32 | 0.25 2933 075 117 0.75 2547 842 8.36 542
| 33 | 0.26 30.89 076 128 0.76 2775 8.43 8.37 8.44
| 34 | 0.27 2674 0.63 115 0.64 26.24 8.45 8.92 845
| 35 | 0.28 2256 052 1.01 0.52 2318 7.55 8.93 7.55
| 36 | 0.29 2342 052 1.08 0.52 21.55 512 5.20 513
| 37 | 0.30 2437 052 116 052 2283 513 521 513
| 38 | 0.31 2581 0.53 127 0.54 243 513 521 513
| 39 | 0.32 2932 0.59 1.49 0.59 27.16 8.45 522 845
| 40 | 033 33.29 0.65 175 0.65 3043 8.46 8.39 847 E
41 sl

m

0.34 3526 0.66
4 4 » w Earthquake / Profile 4 Mat 1
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EERA — Case study

v" Results: horizontal acceleration response spectra at the ground surface
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v" Results: amplification spectra between the outcropping bedrock input motion and
the ground surface
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Assuming an halfspace with the same soil properties of the deepest layer (Vs
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v" Results: horizontal acceleration response spectra at the ground surface
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the ground surface
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v comparison between 2 soil models
Vs [m/s]
0 50 100 150 200 250 300 350 0
0.0 N =8 5 0.0
X X ® 0o
XX [m]
% O
X X
10.0 : 10.0
. X
20.0 x‘ 20.0
< o
Layer | Depth [m]  Vm/s] =% 2 ol
1 0-5 150~ &3 E
2 5-10 200 v Layer
3 10-18 220 ¢ :.i”fb 1
4 18-25 250 = %0 2
5 2535 | 270 S 3
6 35-45 285 e, 4
7 45-60 300 ha]fspace
m halfspace -
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v' EERA results: 2 models comparison
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03 ~ Acceleration at the ground surface

\
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v' EERA results: 2 models comparison

Acceleration response spectra at the ground surface

10

T [s]
Amplification spectra between the outcropping bedrock input motion and the ground surface

——model 7 layers
—model 4 layers
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