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OVERVIEW SOIL FACTORS IN CURRENT BUILDING
Most seismic building codes worldwide allow the definition of the seismic action (horizontal
component of ground motion) using a simplified approach based on modifying the NTC18 STAN DARDS EC8
ordinates of an elastic acceleration or displacement response spectrum expected on _ T
outcropping bedrock through appropriate soil factors. % Ss [_ (-Fo=D+1] 0T =Tz (L B [i' (-Fo=1+1| 0sT<Tp (&1
In 2018 the authors have published an article on assessing the reliability of current ag-Ss -1 Fo T, <T<T, (12) a,-S-n-F, T, <T <T, (2.2)
Eurocode 8 and the Italian building code (NTC18) soil factors using the results of a large Se(T)= — T S,(T) = — -
number of numerical simulations. In this work the same authors update their 2018 study by dg S5+ 1 - Fo |77 Te=T=Tp (13) Ag - S -1 Fo- |7 TesT<=Tp (23)
including strong motion data from real recordings. Updated hazard-dependent soil factors ag-Ssn-Fo- 'TCT-WZTD] T,<T  (14) Gy S-n-Fy- TCT_ZTD] T, < T <4s (2.4)
for Eurocode 8 and the lItalian building code (NTC18) are defined by complementing - ' '
numerical and real ground motion data. The role of epistemic uncertainty in specifying soil
amplification factors is highlighted also through a comparison with soil factors calculated 2021-DRAFT ECS8 Where:
from other international building codes (e.g. 2021 IBC and ASCE 7-16) and recent — Sa 0<T<T, @31 ~ X 0.055 <€ <010
Q:)ubllcatlons Fa & * T
o Tg —T Tg = — 0.05s 0.05s < —
/ \ (1T =T+ ——| u<T<Tp (32) X
COMPOSITE DATASET OF GROUND MOTION = A e
A composite dataset of weak and strong-motion recording has been constructed using three 5= — s, T <T<T; (3.3) - 0408 7> 'S
accelerometric archives: ESM, Kik-Net, PEER-NGA West. The composite dataset includes recordings Sy T L<T<T, (34) I = SBSTB
that were simultaneously recorded by pairs of seismic stations located at outcropping bedrock sites n = a
(i.e. soil class A) and at the ground surface (i.e. soil classes other than A). To correct the potential S Tp Sy = Fr FoSarp (3.6)
differences in the strong motion data due to the source-to-site distances between soil and bedrock N1p —7 r=1o (3:5) S —F. F.S 37
outcropping seismic stations, the recordings have been scaled using appropriate ground motion \ ‘ s ieoeRe (57)

Intra-distance between the stations

Scaling of rocky station recordings
using a GMM appropriately selected
- the recording station using as

models (GMM).
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o Ak M e Eplcentre* ————— T than Al e, with Var, < SOOME). Empirical relationships were proposed for soil factors Ss and Cc according to the approaches proposed by
TsoLoerost . F ROCK \ the Italian Building code (NTC18) and the 2021-draft EC8 with different intensity measures were
_______________________ S A Soil class station (Vs,, < 800m/s) proposed. The newly proposed soil factors, obtained from an integrated dataset composed of real and
S— S = IM,,/IM, A Outcropping bedrock station (Vs,, > 800m/s) synthetic ground motions, have been compared with those specified in major building codes worldwide
Bedrock W

| | ac | a> | AE___
3 different strong-motion database used: . Peer . Peer : Peer ) Peer CLASS B CLASS C
ESM strong-motion fistfile 2018 ESM  Kik-Net  \ga  ESM KikNet o, ESM KikelNet —yon  ESM KikeNet \ca ¢ Numerical analysis ¢ real recordings (ESM + KIKNET + NGA) ¢ Numerical analysis _ ¢ real recordings (ESM + KIKNET + NGA)
ESM . ataser includes recordings related to  Farthquakes 255 6419 186 189 5840 173 77 2369 18 92 o 38 _‘ég%r‘teom ﬁt al. 2018 (50 percentile) 22218 ) -égc;rT;;gc:t al. 2018 (S0 percentie) Egglfpe )
Mt ST, Outcropping rock condition stations 71 68 113 65 67 113 39 50 105 48 0 42 N ECH r)ése — Seyhgr?z Stewart 2014 ----ECS8 rev ----Seyhan & Stewart 2014
T lT(Lkne;f:at-f:lehsalhrdampouri?al. ZOZ?t i Stations belonging to the soil class 153 389 907 107 175 696 9 14 88 16 0 55 ---Sandikkaya & Dinsever 2018 -~ AASHTO 2017 - IBC 2015 ~--Sandikkaya & Dinsever 2018 - AASHTO 2017 - IBC 2015
e Kastrecorts T T € dataset includes recordings related to - - —_— i i ----ASCE 7-16 (2017) - IBC 2021 ===proposed relationshi
““ 10552 earthquakes. Tot records 6236 112345 49764 3504 51954 26270 552 IO 760 . f\ffg Zn:?,\(ff;?tu Ig? (éjaz 21021,2022) . fi°§88|f,§ [fﬁﬂf;;ﬁ'i Calvi 2021,2022) e r< 10 km (Andreotti & Calvi 2021,2022) = f> go km (AndreottiZ‘Calvi 2021,2022)
NGA flat-file 2018 Records after criteria application 40 87 76 0 75 62 0 0 2 4 0 30 6
\ :h:t:altjaat;includes recordings related to 173 ‘ NTC2018 y = _0_95933'_1_ 1.567 | (R2 — 0.72) 6 NTC2018 y = —2.151z + 1.919 (R2 _ 0.86)
arthq Total number of stations | 203 137 2 34 | Ven _0_()25(1_9:188‘_2;) 9 —0.562(1—7195 —— )
5/  EC8 2021draft y = () si’ (R°=0.72) 5+ ECS8 2021draft y = (L) Vsa' (R = 0.86)
41 4+ ;
METHODOLOGY Y
A multi-parametric study that Logic tree approach
robustly calculated intensity- @ @ @
dependent soil amplification factor CIKN
o a. . . E 0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 : : : :
for building code applications. ESM R PEER NGA PGA __(0) PGA __ (9)
. . . . An updated database for o [ Pacific Earthquake Engineering Research Cent r
Strict criteria have been imposed | gt oEE | CLASS D CLASS E
, | , | : 4 .
to Increase the accuracy Of the Bindi et al. 2015 (0.50) [ ‘ [ ‘ ¢ Numerical analysis ¢ real recordings (ESM + KIKNET + NGA) _j__zzg:gft?:;z?lgjs (50 percentile) _%_rNe?&e;ordmgs (ESM + KIKNET + NGA)
H I -——Andreotti et al. 2018 (50 percentile) ----NTC188 ECS8 tvpe 1 I EC8 tvpe 2
I'ESU|tS. The mfluence Of the [ ‘ . . ‘ Egg type 1 _"_‘_’___ECShtVPZ 23 owart 2014 __ ECs tzy(?m draft EC8 2y§281-draft
methodology used to define the [ ' I B 00re & Atkinson 2008 (0.50) - Sandikkaya & Dinsever 2018 ARSHTO 2017 1BC 2015 (H,,.. < 5m-250m/s >V > 150m%) (6 < Hyyp < 30m - 250mls.> V. > 150mis)
. . . 0 o ) ) —_— . L A EC8 2021-draft — P ——
soil ampllflcatlon factors thereby . f\f?g IerzfA(r?c?rL?tti fgj\?iz 21021,2022) : f;oggs;: Eijr?;?:cizlicmw 2021,2022) (5 < Hypo < 30m - 40062V, = 250mis) TRIERO=ECIEETOEHRS
. . . . . _ 6 —
mvestlgf;\tlng th-e _ epistemic Ss factor ° NTC2018 y= —2-0560932:&11-;11%?;) (R* = 0.94) NTC2018 y=—1.952¢ +1.980 (R? = 0.61)
uncertainty. Four distinct methods - 4 different methodologies based 5 ECS8 2021draft y = (i) " Psa (R? = 0.94) 5/ EC8 2021drafty = (22) TG (B2 = 0.61)
on several intensity measures N
were employed to calculate the .l al
. .. . * 2 methodologies based (revised) on Andreotti et al. 2018
soil amplification factors Ss for 0
both th t Iltali buildi 2 additional methodologies based of EC8 draft: w 3
O e curren allan ul Ing * Short periods (0.07-0.40s) Range values are based on 2 b
code NTC18 and the 2021 draft of * Intermediate periods (0.70-2.0s)  Paolucci et al. (2021) —
: : i N
EC8’ while two f.or.rr.1ulat|ons Wer_e Cc factor evaluated using equation (8)
used fOI’ the dEf|n|t|On Of the SO|| Ce 1 metgodo!qu bfsed (revised) 00 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8
QOEfﬁCient CC on Andreotti et al. 2018 / PGArock(g)
Italian building code NTC18 - Ss NTC18 - Tc
/ \ Soil Class PGA Sa-max Short period Intermediate period Soil T (s) C _TI¢
SELECTED REFERENCES o
A 1.00 1.00 1.00 1.00 A 1.00 1.00
_ . ' _ _ o ' ] B 098<1.57-0.96a, 1.00<1.72-0.36F,a, 1.00<1.91-0.49 Fya, 1.49-0.19°S, B 0093+0703 Tc*  0.735 Tc=0280
Andreotti, G., Fama, A. & Lai, C.G. Hazard-dependent soil factors for site-specific elastic acceleration response C  075<192-215a, 0.68<2.10-079Fa, 0.68<2.37—095Fa, 220~ 1245, & biross o oo oo
spectra of Italian and European seismic building codes. Bull Earthquake Eng 16, 5769-5800 (2018). D 0.60<149-2068, 0.62<143-0.49F, 0.40<1.38-0.73F,a, 1.86-0.97S, D 0.252+0.558Tc*  0.753 Tc*0o
. E 0.90<1.99-1.95 a 0.95<228-0.72F, ay 0.75<2.20-0.68 F, 3y 1.25<2.60-2.68S 146+0. * _ %-0.527
https://doi.org/10.1007/s10518-018-0422-9 : P ppsmTer PR
Bahrampouri M, Rodriguez-Marek A, Shahi S, Dawood H. An updated database for ground motion parameters for _ 2021-draft EC8 —soll factor S - . 2021-draft ECS8- 1 =T
. . Soil Class PGA Sa-max Short period (F,) Intermediate period (Fg) Soil Tc(9)
KiK-net records. Earthquake Spectra. 2021;37(1):505-522. doi:10.1177/8755293020952447 A oo 00 00 00 Class |
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