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4.1. Introduction

The mainshocks of February B023 M,=7.7 KahramanmaraBazarcik and M=7.5 Elbistan
earthquakeand their aftershock sequenaeesre recorded in a large region the strong motion
stations operated by AFAD (Disaster and Emergency Presidency of Turkey). The recordings and
station metadataaredissni nat ed t hr o u gshonaftdf Fofh @éasthquakdis'svent e

at https://tadas.afad.gov.tr/evemétail/15499and 29 event athttps:/tadas.afad.gov.tr/event

detail/15512 last accessed on February 12, 20ZBg reconnaissance team downloaded the raw
strong motion data immediately afthey were availableHowever, shang the responsibility of
providing accurate datsetsto the scientific and earthquake engineering community, updates in
data by AFADOGs personnel are being carefull
this report as much as possible. It isaclthat these recordings are currently evaluated by AFAD
and improvements in data qitglare expected in near futur€he locatios of strong ground

motion stationsn Tirkiye are shown in Figuré.1.
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Figure 4.1. The locatios of strong ground motion stat|omBTurk|ye (AFAD-TADAS)

For this preliminary report, 292nd 268 threecomponent recordings from tHiest andsecond

eveni respectivelywere compiled, analyzed for data quality, and processed as summarized in
Section 4.2. Furtheassessmentsncluding the analysisf spectral shapeand amplifications,
comparisons with design envelopes and mean predictions of current ground motionweoeels

performedby usingdata that passed the quality check. Therefore, this cheipteitopresenpnly

1



https://tadas.afad.gov.tr/event-detail/15499
https://tadas.afad.gov.tr/event-detail/15512
https://tadas.afad.gov.tr/event-detail/15512

February 6, 2023K a h r a ma nRazarcia(M,=7.7) and Elbistan (M,=7.5) Earthquakes

Preliminary Analysis of Strong Ground Motion Characteristics

the current state of factuaformation orthestrong motion characteristics of these very important
events.With this report, we state that we hawe intention or authorization to disseminate the

strong motion data that is owned by the national network.

Our objective is to offer several ground motion intensity measures (GMIMs) that may be used for
the analysis of structural and geotechnical perfonaahstructuresiuring the February 6, 2023
earthquakesTherefore, several amplitude and intensity parameters (peak accelerations, peak and
cumulative absolute velocities, Arias and Housner intensities, etc.), significant duration, Fourier
Amplitude andesponse spectrums for 5% damping are providdusmreport Important GMIMs

arealsodisseminated through ti&teEye Softwaréhttps://siteeye.qo The metadata for stations,

including the shear wave velocity profilaad the extended sourt@site distance metrics, are

carefully evaluated with the current state of available information. As the geological
reconnaissance efforts progress, the extent of rupture will be more accurately defined. This may
change some of ¢hinitial interpretations given in this report, especially for teeordings

collected from bottends oftherupture.

4.2.Quality Control and Strong Motion Data Processing

Thestrong motion database used in this report maiohsists oflata disseminated hiye AFAD-
TADASS websitebetweenFelruary 6-10, 2023. However,anerecordngs were updated in the
systemon February 1213, 2023, whiclwerealsoutilized in this report. Théi f r ee zi ng d a
data compilatiorwasset as Fetmary 13, 2023 to ensure tifyepublication of tke report andany

changesnadeafter the freezing dateerenot implemented in the analyses.

4.2.1.Visual Checkson the Waveform Data

Collected (raw) waveformanderwentaninitial visual screeningo identfynon st angdar d
as defined by Douglg2003 andBoore and BommdR005).Sincethe rupture propagation of the

first event was bilateralith directiongowards Kahramanmarasthe northeastnd Hatayn the
southwestmostwaveforms includé multiple wavepackets The recorded time serigsitially
included the wavepacketdrom thenortheastoriented rupture othe Pazarcik segmenfollowed

by the southwesbtriented rupture dheAmanos egmentwhichslightly overlapgd withthe first.

The time lag betweethesemultiple wavepacketswas sometimes visibleas shown in Figure

4.2(a), but varial significantly depending on tretationlocation.Due to the difficulty oseparang

t
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these wavgacketsn most stations without finite fault modellir{g.g. Figure 4.B); we did not
attempt to perform waveform analysiseliminate these recordings from the databBlssvever,

we used the entire time history in the evaluation of ground motion ityemgasures.

On the other hand, some recordimigsnot showa clearshape of aeismicwaveform as shown

in Figure 4.8c). These recordingwere eliminated from the database during visual screening.
Unfortunately, &mostall recordings from the stationis Adiyaman province héanincomplete

trace of themain event as shown in Figure 3(a) and wereexcluded from the dataset for this
report. We anticipate that AFAD may recompile these recordings from the equipment at a later
stage.In addition tothe multiple wave groupsand incompletdrace problems, some recordings

had significant noise contetihatstandard processirgpuld not eliminatée.g. Figure 4.8), while

others hadpikes or weredisconnected uting the event (e.g-igure 4.8). Many recordingshad

a combination of these problems and were elatuded from the dataset during visual processing.
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Figure 4.3. Samples fononstandard errors (a) incomplete tra8tation ID# 0210, (b) significant
noise contentiD# 3117, (cunclear trace of evenD# 3113 and (d) spikéD# 0719.

4.2.2.Data Processing
After the visual screeningheé nonstandard errorfree records were processesing the

procedureslefinedin Akkar et al. (2014)First, he zereordered correctionyhich remowesthe

mean acceleration value from the entire wavefavasapplied.Next, the low and highfilter cut-

off frequenciesveredetermined by visubl inspectng theFourier Amplitude Spectrur(FAS),
velocity, and displacement time series of each waveform (@and Bommer, 2005; Douglas and
Boore,2011) as shown in Figure 4.An acausal 4$ole Butterworth bangass filterwasused to
remove any phase distortion in the sigriahally, the post processing procedure described in
Boore et al. (2012)asused taremove zero pads during bapdss filtering. Most of the lowut
values chosen for the records are below the magndadendent corner frequency of the

theoretical source spectrum proposed by Atkinson and Silva (200@sure that the low

frequency mobnsareretained in the waveforms.
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FAS Graph of Raw and Processed Record: 20230206011734_3305
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Figure 4.4. FAS of the raw and processed waveforms. The blue solid lines show tharldw

high-cut filter frequencies.

4.3.Ground Motion Intensity Measures

Following visual qualitycontroland data processing45recordings from thérst earthquake and
244 recordings from the secoedrthquakeemained in the databa Figures4.5a)and (b)display
the spatialdistributionof these reaalingsfor eachevent respectively Additionally, Figure 4.5
showsepicentergrepresented byellow starsland thesurface projections of thestimated rupture
planes for each earthquake (for details, please refer to Chapiere3gxtendedourceto-site-
distance metrigancludingrupture distanc®grup and JoyneBoore distance, B wereestimated
using the procedure given in Kaklamanos et al. (2@ibEed orthesetentativerupture plane
parameterdt is worthnoting that thedepth to the top of thaipture (Zor) is assumed to beero
sincethe rupture is clearly visible at the surfataefault plane angles are provided in Cha@er
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Figure 45. Distribution of the strong motion statisthat are located within 200km of the rupture
planefor (&) Mw=7.7 Kahramanmar&3azardk and (b) Mw=75 Elbistan earthquakes

For the first eventthe Vs3o (time-averaged shear wave velocity in the upper 30m) information is
available for 185 station$eophysicalmethods(MASW and ReM) were used to easureVs
atl41 and 11tecording stationsespectivelyHerein, heconsistency o¥ s3pvaluesavailableon
AFAD-TADAS website was re-evaluatedusing site characterizatiomeports. For 9 stations
(Station ID: 125, 603, 3133, 3144, 4614, 4628, 5804, 6302, and,3hé&3)szo computed from

Vs profile provided in the reportb@sed orMASW) wasadopted instead of thealues giveron

the AFAD-TADAS website For theremaining 44stations Vssovaluesin AFADO database were
estimatedusingthe topographic slope proxy parametes sitecharacterization reportserenot

available

For the second earthquakészo valueswere reportedfor 164 stationson the AFAD-TADAS
website with MASW and ReMimeasurements available for 143 and 91 stations, respectvely.
similar verification of \43 values was performed, and the 34 information from MASW
measuremestfor 6 stations (Station ID: 603, 3144, 4614, 6302, 4628, and S&iEhdopted

Figure 4.6and4.7 shows the Rupi Vsaodistributions of the recordings from the first and second
events, respectively. For both evemtsjority of the stations are located on sites with ZC class
according to TBEC (2019please note that the stiassificationrscheme of TBEC (2019) is quite




February 6, 2023K a h r a ma nRazarcia(M,=7.7) and Elbistan (M,=7.5) Earthquakes

Preliminary Analysis of Strong Ground Motion Characteristics

similar to that ofASCE #19. The emainingstations are classified as ZD or ZB, and therenare
stations withVszp< 180 m/qZE). The number of nedault stations Rrup < 10 km) issignificant
for the firstearthquake buimited for the seconéarthquakeFor both events;70% of the stations

are located at rupture distances greater than 100 km.

Peak ground motion amplitudes, significant duration, and Arias as well as Housrgtynmales

of these recordings withindgdr<100km are provided in Table 4ahd 4.2 In these tablesPGA,

and PGV are the peak ground acceleration and velocity, and CAV is the cumulative absolute
velocity. The significant duration is calculated as thestmatween 5% and 95% of the cumulative
Arias Intensity. Acceleration time histories, Fourier amplitude spectra and theéaBfded
acceleration response spectra of the recorded accelerations at these stations are provided
Appendix Aand a few examples apeovided in kgures4.81 4.12 for further discussiarThe 5%
damped acceleration resporsg@ectra inthese figuresare compared against the design spectra

defined in the current seismic code of Turkey EXB 2019)for 475 and 2475 year return periods
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Preliminary Analysis of Strong Ground Motion Characteristics

Table 4.1. Information on RecorakeStrong Ground Motions d?azardk earthquake fortations within 100 km rupturdistance
(unknown \s3¢Site Class values are shown with NA

Station Cit District Lat. | Long. |Rrup(km)|Vs30(m/s) Site Comp.|PGA (cm/sz) PGV (cm/s) SI;?Jrth(i:oa:t Arias Intensity | Housner Abs%tljlr;t]zl?;tiavlicity
Code Y ' 9- P Class* P- s) (cm/s) Intensity (cm) (cmis)
E-W 44.340 19.01 46.72 9.82 32.62 519.19
119 Adana Kar at 436.568035.3900 83.80 485 ZC N-S 42.835 8.48 58.2 6.51 20.73 442.90
U-D 25.275 10.41 63.94 3.84 18.92 356.94
E-W 115.866 24.82 57.05 42.49 48.39 1034.78
120 Adana Yumur t {36.770135.790] 59.60 439 ZC N-S 112.469 33.93 56.51 42.89 62.43 1051.25
U-D 103.266 13.14 54.74 13.77 26.65 613.47
E-W 52.378 8.32 52.43 15.09 20.16 666.06
122 Adana Kozan 37.433935.8204 86.10 501 ZC N-S 57.323 13.00 52.06 15.21 22.66 666.19
U-D 33.184 8.94 51.44 4.73 17.19 368.11
E-W 83.225 26.62 60.04 49.21 67.31 1216.86
125 Adana Ceyhan 37.015435.795§ 69.80 216 ZD N-S 128.556 33.14 60.51 71.87 91.53 1377.95
U-D 35.141 8.99 60.69 8.70 29.78 536.04
E-W 50.876 4.50 45.5 14.82 15.09 632.92
127 Adana Feke 37.816435.9204 95.80 583 ZC N-S 55.088 8.21 41.62 12.79 18.90 550.08
U-D 39.237 7.51 44.94 4.63 15.62 351.01
E-W 68.272 14.40 61.76 20.72 43.12 796.49
130 Adana Kma mo j |37.251435.671¢ 90.30 NA NA N-S 81.197 17.33 55.05 25.44 53.69 856.36
U-D 35.334 8.28 62.99 7.89 25.56 524.20
E-W 159.420 6.73 41.93 74.79 12.87 1360.83
131 Adana Saimbeyli 37.856636.115 84.70 NA NA N-S 146.618 7.06 42.53 75.98 15.64 1383.10
U-D 50.274 7.42 45.19 8.38 13.12 477.19
E-W 32.476 4.68 47.92 5.27 14.02 382.34
132 Adana Saimbeyli 37.855436.1149 84.70 NA NA N-S 37.774 6.05 46.47 6.90 15.19 433.59
U-D 29.678 7.54 47.95 4.37 14.15 345.90
E-W 74.206 5.60 43.11 17.22 19.40 661.44
133 Adana Feke 37.745435.864( 96.30 NA NA N-S 77.882 6.88 44.02 10.91 21.21 517.13
U-D 39.694 7.39 44.8 4.41 16.05 341.86
E-W 45.842 5.89 46.98 6.81 15.98 429.43
134 Adana Feke 37.744335.8645 96.20 NA NA N-S 68.712 7.32 42.35 12.43 21.72 555.86
uU-D 38.623 7.20 46 4.23 15.81 336.96




February 6, 2023K a h r a ma nRazarcia(M,=7.7) and Elbistan (M,=7.5) Earthquakes

Preliminary Analysis of Strong Ground Motion Characteristics

Station . o Site Signiﬁgant Arias Intensity| Housner Cumulative .
Code City District Lat. | Long. |Rrup(km)|Vs3o(m/s) Class* Comp.|PGA (cm/s?)|PGV (cm/s)| Duration (cmis) Intensity (cm) Absolute Velocity

(s) (cm/s)

E-W 88.006 13.13 46.3 17.75 66.55 694.58

2104 Diyarb Ergani 38.264439.7590 99.70 NA NA N-S 62.542 22.13 59.86 13.24 44.82 649.38
U-D 42.838 8.70 72.97 6.72 28.38 500.67

E-W 112.283 16.51 43.8 28.72 66.62 858.16

2107 Diyarb ¢ er mi K38.145939.4834 74.70 NA NA N-S 74.733 28.24 49.25 26.07 50.27 859.21
U-D 44.231 7.88 56.72 8.13 32.05 489.21

E-W 219.562 14.59 11.75 24.51 32.80 505.08

2302 El azé Maden 38.392939.6754 95.60 907 ZB N-S 197.116 14.05 13.23 20.65 24.32 491.13
U-D 109.449 7.30 24.07 8.56 21.99 394.05

E-W 163.792 29.35 37.31 35.35 98.63 808.03

2308 El azé Sivrice 38.450639.3104 68.90 450 ZC N-S 322.464 38.52 21.17 59.69 114.56 907.76
U-D 400.053 11.53 10.14 39.50 32.90 600.52

E-W 35.257 8.40 34.11 3.61 19.33 284.03

2309 El azé Keban 38.799138.7274 74.20 860 ZB N-S 36.858 6.67 40.39 4.19 14.58 326.56
uU-D 25.505 7.00 44.52 244 20.71 244.77

E-W 51.169 8.08 29.485 8.84 22.56 427.23

2310 El azé Baskil 38.572738.8244 51.40 NA NA N-S 60.480 14.85 22.055 10.56 33.19 443.03
uU-D 48.889 7.86 30.11 3.84 21.35 289.21

E-W 160.131 16.67 53.08 120.01 49.54 1692.03

2703 Gaziantep kahi nb[37.058037.3500 51.40 758 ZC N-S 150.388 13.32 52.5 114.58 43.44 1672.19
u-D 80.294 8.02 52.08 31.18 29.32 882.75

E-W | 1089.439 144.37 37.32 1154.32 488.24 3813.58

2708 Gaziantep K's | a hi|37.099936.6484 4.00 523 ZC N-S 812.734 126.86 39.91 963.64 361.96 3767.00
uU-D 977.012 55.92 20.57 439.64 149.64 2146.77

E-W 97.302 17.48 51.76 62.69 36.67 1251.38

2711 Gaziantep Yavuzeli 37.317437.5604 35.20 NA NA N-S 107.008 17.03 51.99 66.85 45.07 1270.04
uU-D 61.580 9.73 50.82 24.64 30.40 791.01

E-W 602.742 110.46 33.96 744.30 332.38 3020.43

2712 Gaziantep Nur daj[37.184036.732 1.00 NA NA N-S 555.436 83.02 36.7 628.04 197.28 2916.20
U-D 343.814 26.90 38.09 237.04 97.04 1799.69
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February 6, 2023K a h r a ma nRazarcia(M,=7.7) and Elbistan (M,=7.5) Earthquakes

Preliminary Analysis of Strong Ground Motion Characteristics

Station . o Site Signiﬁgant Arias Intensity| Housner Cumulative .
Code City District Lat. | Long. |Rrup(km)|Vs3o(m/s) Class* Comp.|PGA (cm/s?)|PGV (cm/s)| Duration (cmis) Intensity (cm) Absolute Velocity

(s) (cm/s)

E-W 340.021 55.52 46.99 132.07 82.08 1527.35

2715 Gaziantep K's | a hi|36.855436.685 9.80 NA NA N-S 457.193 36.99 45.29 110.24 66.06 1364.71
U-D 76.072 13.61 49.12 14.02 44.61 533.71

E-W 228.890 55.57 48.72 232.49 147.00 2145.88

2716 Gaziantep K's | a hi|36.856436.6889 10.00 NA NA N-S 255.463 60.13 49.91 266.12 142.58 2318.36
U-D 164.684 17.00 50.73 100.29 54.05 1502.64

E-W 117.462 53.05 44.41 38.46 90.55 768.68

2717 Gaziantep K's | a hi|36.855936.691( 10.30 NA NA N-S 138.367 32.96 49.92 29.18 58.59 703.65
U-D 80.703 14.54 49.24 17.16 47.21 568.71

E-W 643.745 119.42 20.7 439.19 255.31 2229.45

2718 Gaziantep K's | a hi|37.007436.6266 1.70 NA NA N-S 702.091 80.05 13.49 436.39 206.49 2125.73
U-D 584.255 62.79 20.84 227.50 171.93 1564.41

E-W 211.134 50.82 37.52 172.62 153.67 1971.07

3115 Hatay Belen 36.546336.164 19.10 424 ZC N-S 274.824 42.12 29.65 321.62 166.45 2534.31
u-bD 214.353 20.58 30.79 114.75 78.51 1591.15

E-W 165.557 37.02 33.34 85.09 84.52 1216.03

3116 Hatay Ks k end|[36.616436.2064 18.70 868 ZB N-S 160.424 43.16 31.95 79.14 89.72 1227.89
u-D 162.787 19.99 28.82 45.33 46.49 928.49

E-W 594.043 101.98 17.68 754.41 401.08 3208.75

3123 Hatay Antakya 36.214436.1591 14.40 470 ZC N-S 655.302 188.44 13.58 935.11 579.51 3433.49
uU-D 868.061 52.67 14.09 487.14 215.76 2416.68

E-W 637.793 101.28 18.86 776.20 391.19 3376.79

3124 Hatay Antakya 36.238136.1724 11.70 283 ZD N-S 572.431 113.10 21.39 622.95 444.00 3148.01
uU-D 577.756 42.70 17.08 317.40 144.70 1945.50

E-W | 1123.242 108.87 16.65 779.44 279.41 3057.58

3125 Hatay Antakya 36.238136.1324 14.60 448 zZC N-S 823.509 75.69 17.38 663.81 234.87 2956.75
uU-D 1136.121 65.49 9.74 823.35 144.35 2705.33

E-W | 1028.770 93.15 25.21 1134.59 274.03 4204.90

3126 Hatay Antakya 36.220436.1374 15.40 350 ZD N-S 1210.189 110.34 19.98 2096.96 380.30 5349.18
U-D 1070.168 78.84 9.73 1288.69 207.89 3406.55
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February 6, 2023K a h r a ma nRazarcia(M,=7.7) and Elbistan (M,=7.5) Earthquakes

Preliminary Analysis of Strong Ground Motion Characteristics

Station . o Site Signiﬁgant Arias Intensity| Housner Cumulative .
Code City District Lat. | Long. |Rrup(km)|Vs3o(m/s) Class* Comp.|PGA (cm/s?)|PGV (cm/s)| Duration (cmis) Intensity (cm) Absolute Velocity

(s) (cm/s)

E-W | 1199.782 75.59 14.93 1829.59 286.96 4148.83

3129 Hatay Defne 36.191436.1343 17.90 447 zZC N-S 1367.690 170.73 10.72 2501.64 545.19 4712.24
U-D 826.167 43.85 10.22 705.19 165.12 2536.52

E-W 339.689 44.24 8.98 164.62 222.30 1190.85

3131 Hatay Antakya 36.191436.163 16.20 567 ZC N-S 349.297 51.49 9.06 127.52 168.36 974.83
U-D 144.616 19.15 13.86 33.61 83.30 591.49

E-W 514.114 53.85 17.58 439.50 221.47 2407.39

3132 Hatay Antakya 36.2067136.1714 14.40 377 ZC N-S 515.074 67.69 13.52 372.47 294.44 2210.57
U-D 353.840 34.28 13.64 193.77 154.21 1528.61

E-W 142.749 24.56 51.43 59.88 85.89 1215.67

3133 Hatay Rey h a n36.243436.573¢ 27.90 471 ZC N-S 219.023 29.20 42.56 91.09 129.74 1387.28
U-D 86.844 15.51 52.89 27.99 34.06 894.20

E-W 203.742 41.95 45.6 127.59 108.57 1656.12

3134 Hatay D°r t y d36.82736.2049 28.20 374 ZC N-S 245.988 40.58 45.58 143.25 136.27 1742.43
u-bD 140.627 19.87 43.68 57.74 46.07 1152.38

E-W | 1367.456 66.09 22.78 688.44 232.35 2898.33

3135 Hatay Arsuz 36.408935.883] 36.40 460 ZC N-S 741.091 51.94 23.33 558.60 183.14 2696.45
uU-D 589.311 37.45 25.25 244.53 95.77 1913.14

E-W 394.823 56.98 32.73 361.28 152.23 2619.67

3136 Hatay Al t én °|36.115936.2474 21.60 344 ZD N-S 533.957 53.85 27.45 398.90 212.21 2604.43
uU-D 220.511 30.09 30.39 114.82 100.36 1469.17

E-W 842.924 77.21 16.25 371.12 227.93 2183.54

3137 Hatay Hassa 36.692936.4884 1.00 688 ZC N-S 451.834 78.15 16.71 363.89 208.80 2239.28
uU-D 498.957 40.10 16.66 231.53 132.42 1760.51

E-W 746.680 216.85 11.76 600.51 508.34 2281.25

3138 Hatay Hassa 36.8026436.5114 2.00 618 zZC N-S 888.978 135.31 15.18 789.88 479.04 2596.21
uU-D 1068.095 83.22 4.99 325.55 331.92 1410.33

E-W 504.504 150.09 28.21 702.16 462.69 3216.46

3139 Hatay Keéer ek h|36.583436.4144 0.30 272 ZD N-S 576.865 156.95 36.86 865.65 499.45 3675.59
U-D 378.286 54.27 14.98 310.28 218.17 2078.78
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February 6, 2023K a h r a ma nRazarcia(M,=7.7) and Elbistan (M,=7.5) Earthquakes

Preliminary Analysis of Strong Ground Motion Characteristics

Station . o Site Signiﬁgant Arias Intensity| Housner Cumulative .
Code City District Lat. | Long. |Rrup(km)|Vs3o(m/s) Class* Comp.|PGA (cm/s?)|PGV (cm/s)| Duration (cmis) Intensity (cm) Absolute Velocity

(s) (cm/s)

E-W 218.637 81.35 37.12 203.96 199.22 2117.51

3140 Hatay Sa ma n d|36.08135.949 38.30 210 ZD N-S 194.597 64.15 33.09 228.03 231.90 2174.74
U-D 176.663 30.02 36.1 86.03 132.72 1381.62

E-W 852.265 124.52 13.24 1535.79 409.43 4356.39

3141 Hatay Antakya 36.372636.2191 6.90 338 ZD N-S 944.346 83.15 16.02 1348.14 294.33 4356.39
U-D 618.780 43.22 13.92 631.82 148.17 2808.10

E-W 746.416 76.48 12.01 606.18 208.40 2614.65

3142 Hatay Keéer ek h|36.498(36.366] 0.40 539 ZC N-S 647.205 87.84 11.65 568.60 214.84 2466.31
U-D 503.662 30.59 12.97 224.09 74.89 1630.69

E-W 351.295 106.44 26.4 252.12 253.16 1907.24

3143 Hatay Hassa 36.848936.557] 0.40 445 ZC N-S 381.318 129.53 23.32 273.54 272.79 1852.69
U-D 411.649 28.96 18.2 171.59 107.58 1479.06

E-W 763.724 138.98 39.83 386.29 250.32 2532.92

3144 Hatay Hassa 36.756936.4851 2.10 535 ZC N-S 611.555 138.07 31.9 356.72 271.92 2157.42
u-bD 452.311 80.17 15.92 138.31 235.81 1249.10

E-W 696.562 157.69 11.14 657.04 398.21 2350.18

3145 Hatay Keér ék h|36.645436.4064 3.70 533 ZC N-S 599.876 116.51 13.68 386.67 235.53 2053.54
uU-D 660.538 64.79 10.59 315.71 233.36 1713.35

E-W 346.000 54.23 17.68 330.91 117.21 1780.37

3146 Hatay Belen 36.490936.227q 11.50 NA NA N-S 481.686 39.20 15.83 494.37 124.40 2140.70
u-D 340.118 19.07 18.91 205.62 73.36 1439.78

E-W 47.500 27.15 34.59 8.28 42.59 439.66

3147 Hatay Yay !l ad|35902436.0644 48.80 NA NA N-S 56.468 14.90 55.08 7.33 37.06 427.90
uU-D 29.130 8.12 43.22 4.15 28.59 324.59

E-W 136.236 15.11 21.99 19.53 39.40 561.83

4404 Malatya P¢ét¢r ¢38.195938.8739 22.30 1380 ZB N-S 135.323 21.21 21.29 20.68 42.58 580.56
uU-D 95.803 10.62 29.06 9.47 34.42 425.68

E-W 126.383 15.88 21.91 19.27 26.12 537.06

4405 Malatya Hekimhan |38.810%37.939¢ 94.50 579 ZC N-S 90.736 8.27 26.79 13.63 24.49 498.48
U-D 77.207 7.55 26.47 9.81 26.90 424.74
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February 6, 2023K a h r a ma nRazarcia(M,=7.7) and Elbistan (M,=7.5) Earthquakes

Preliminary Analysis of Strong Ground Motion Characteristics

Station . o Site Signiﬁgant Arias Intensity| Housner Cumulative .
Code City District Lat. | Long. |Rrup(km)|Vs3o(m/s) Class* Comp.|PGA (cm/s?)|PGV (cm/s)| Duration (cmis) Intensity (cm) Absolute Velocity

(s) (cm/s)

E-W 131.322 29.17 40.21 33.07 75.67 827.57

4406 Malatya Ak - ad a38.343937.9734 47.50 815 ZB N-S 108.849 14.16 46.01 24.16 36.53 757.00
U-D 49.838 12.31 45.8 11.43 35.80 528.86

E-W 33.083 8.41 57.45 6.63 32.83 452.77

4407 Malatya Arguvan 38.780738.2641 78.40 735 ZC N-S 43.351 13.41 52.11 8.31 34.17 494.37
U-D 19.328 7.06 53.29 2.68 21.35 284.76

E-W 137.188 35.73 25.96 43.45 74.74 834.86

4408 Malatya Doj ank (38.096437.8874 27.00 654 ZC N-S 100.331 24.95 28.43 23.98 46.41 665.23
U-D 96.811 22.86 26.66 23.03 64.05 632.99

E-W 28.488 10.01 55.96 3.54 15.39 328.41

4409 Malatya Darende 38.560637.4904 88.90 NA NA N-S 38.057 7.34 51.24 4.71 19.69 365.29
U-D 27.983 6.97 52.32 297 18.09 293.85

E-W 68.867 48.20 50.09 45.56 71.11 1141.01

4412 Malatya Y a z € h a/38.596938.1839 63.50 NA NA N-S 63.657 27.18 45.2 31.35 68.41 970.82
u-bD 55.550 27.27 53.73 25.02 51.08 893.72

E-W 320.401 40.08 43.62 267.64 118.32 2349.00

4611 [Ka hr ama|l ¢aj | ay a|37.747437.2843 18.50 731 ZC N-S 349.470 42.52 42.58 281.65 117.18 2371.06
u-D 173.891 15.69 45.71 83.16 50.23 1331.88

E-W 122.210 14.90 55.12 127.63 65.19 1999.99

4612 [Ka hr a ma G° k s un38.024(36.4819 79.70 246 ZD N-S 140.979 20.54 56.74 102.01 59.11 1801.96
U-D 54.192 5.24 57.98 20.14 18.80 808.91

E-W 153.576 10.87 40.18 63.02 28.89 1183.87

4613 [Ka hr a ma Andér §37.570136.3574 48.80 NA NA N-S 146.858 15.80 41.11 50.95 27.48 1079.53
uU-D 75.032 14.33 42.27 21.59 17.23 710.82

E-W 581.134 131.96 47.1 605.26 314.76 3263.48

4615 [Ka hr a ma Pazar ¢37.386437.1380 10.30 484 zZC N-S 583.931 152.43 46.65 584.93 247.03 3188.66
uU-D 664.518 77.88 35.66 305.41 159.44 2106.71

E-W 505.824 87.46 41.03 387.30 202.84 2544.91

4616 [Ka hr a ma Te¢r koJ|37.375936.8384 2.30 390 ZC N-S 615.281 97.90 41.8 658.17 224.19 3200.42
U-D 398.751 25.86 39 226.83 72.11 1881.56
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February 6, 2023K a h r a ma nRazarcia(M,=7.7) and Elbistan (M,=7.5) Earthquakes

Preliminary Analysis of Strong Ground Motion Characteristics

Station| -y, District Lat. | Long. |Rup(km)|Vszomis)| S |comp.|pea (cmig)|Pav (cmvs) SE)%?;?::I Arias Intensity | Housner Ab;TLTZ'%tZECn
Code y ’ g: P Class* P- s) (cm/s) Intensity (cm) (cm/s) y
E-W | 114831 | 2824 | 44.49 57.19 72.96 1136.16
4617 [Kahr ama| Oni ki k (37.585436.8304 2220 | 574 | zC | N-S | 145430 | 2044 | 4433 74.46 83.33 1221.48
UD | 110736 | 2070 | 45.61 47.88 4826 1039.63
E-W | 320589 | 3865 | 44.77 262.99 84.29 2259.75
4620 [Kahr ama| Oni ki (37.585136.8089 1930 | 484 | zC | N-s | 300302 | 3280 | 4241 233.33 77.20 2070.83
UD | 185071 | 1593 | 4618 116.64 51.40 1552.32
E-W | 319801 | 6240 | 4584 437.35 201.39 2960.10
4624 |[Kahr ama| Oni ki (37.536136.9174 1370 | 280 | zD | N-s | 357389 | 6048 | 4596 389.34 199.05 2739.93
UD | 161694 | 3576 | 43.39 112.44 82.91 1522.63
E-W | 484376 | 6712 | 4152 468.82 179.44 2815.40
4625 |Kahr ama| Dul kadi|37.538136.9819 1110 | 346 | zD | N-S | 448106 | 7980 | 38.15 429.77 225.64 2702.33
UD | 367.233 | 2898 | 3182 233.97 93.09 1989.10
E-W | 82565 | 1191 | 5819 56.67 28.65 1334.30
4628 |[Kahr ama|  Af ki n|38241369226 8190 | 337 | zD | Ns | 91116 9.74 55.00 44.83 22.60 1176.45
UD | 55744 410 57.43 1022 11.99 548.17
E-W | 114461 | 2171 | 3504 20.09 67.92 658.33
6303| kanl ey Swverek |37.752430.320]1 7470 | 986 | zB | NS | 117.418 | 17.11 | 4051 17.22 56.21 610.16
UD | 38915 | 1044 | 67.83 8.48 26.27 56164
E-W | 237.995 | 1655 | 46.29 181.45 54.76 2187.95
6304| kanl ey Borova |37.365]38513] 7070 | 376 | zC | N-S | 210759 | 2130 | 44.07 152.30 63.06 1962.59
UD | 8943 | 1123 | 5365 34.88 23.26 1018.96
E-W | 202504 | 4144 | 4148 126.09 79.36 1558.71
8002 | Osmaniye Bah- e 371014365620 1520 | 430 | zC | N-s | 242513 | 4500 | 36.08 241.39 142.78 2089.51
UD | 335052 | 1841 | 33.78 167.12 61.90 1669.63
E-W | 185872 | 2860 | 39.62 115.09 102.30 1587.76
8003 | Osmanye |Osmaniye Merke|37.084436.2694 3420 | 350 | zD | N-S | 141600 | 3133 | 38.88 9113 113.60 1363.10
UD | 129.941 | 1959 | 4122 63.66 65.90 1159.75
E-W | 178978 | 2200 | 4416 96.90 70.54 1483.75
8004 | Osmaniye Kadii ~ |37.379936.007d 61.20 | 426 | zC | N-S | 168388 | 19.05 | 4188 80.42 58.55 1316.69
UD | 71815 | 1204 | s5L62 18.86 36.19 718.60
E-W | 613878 | 10440 | 40.77 366.97 223.00 2494.04
NAR |[Kahrama| Pazar d37.301437.1574 1070 | NA | NA | N-S | 765851 | 9045 | 3849 393.03 212.27 2484.29
UD | 482223 | 4627 | 3381 230.63 108.15 1868.44

*Siteclasses are given according to #ite classification of the 2019 editiohearthquake code in Turk¢yBEC, 2019).
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February 6, 2023K a h r a ma nRazarcia(M,=7.7) and Elbistan (M,=7.5) Earthquakes

Preliminary Analysis of Strong Ground Motion Characteristics

Table 4.2. Information on RecorakeStrong Ground Motions of Elbistaarthquake fortations within 100 km rupturdistance
(unknown \s3¢Site Class values are shown with NA

Station . L Site Signiﬁ(_:ant Arias_ Housner Cumulative
Code City District Lat. | Long. [Rrup (km)|Vs30(m/s) Class* Comp.|PGA (cm/s?)|PGV (cm/s)| Duration Inte nsity Intensity (cm) Ab§o|ute
(s) (cm/s) Velocity (cm/s)
E-wW 62.75 13.98 37.36 11.09 25.76 476.64
127 Adana Feke 37.816435.9204 73.70 583 ZC N-S 56.07 16.16 39.62 8.04 21.29 406.54
U-D 38.25 14.97 35.05 4.13 15.77 289.93
E-W 172.34 15.85 23.97 33.59 24.02 700.45
129 Adana Tufanbeyli {38.259436.2109 55.40 965 ZB N-S 154.48 19.38 25.61 37.60 27.95 747.15
U-D 85.49 14.49 28.42 13.35 22.38 455.09
E-wW 331.27 27.35 16.16 91.60 26.80 1023.91
131 Adana Saimbeyli |37.856636.1159 56.00 NA NA N-S 397.23 27.44 14.21 120.83 31.20 1111.82
U-D 83.37 18.65 23.30 11.38 26.20 415.91
E-W 59.45 14.02 31.21 5.12 17.08 305.73
132 Adana Saimbeyli [37.855936.1149 56.10 NA NA N-S 65.34 21.25 25.79 6.30 20.85 304.53
U-D 53.67 17.42 26.92 6.45 26.08 318.86
E-w 80.24 18.23 33.42 13.07 23.24 491.70
133 Adana Feke 37.745935.864(0 80.80 NA NA N-S 47.33 14.42 42.44 6.34 23.55 359.03
U-D 36.93 13.14 4231 3.77 16.75 282.31
E-W 46.53 18.86 38.42 6.13 22.36 343.00
134 Adana Feke 37.744335.8649 80.80 NA NA N-S 52.13 13.20 36.89 8.01 25.85 395.68
U-D 35.49 13.83 41.51 3.49 17.00 271.08
E-W 22.89 12.54 37.55 1.96 14.17 205.84
138 Adana Kozan |37.704935.7234 93.90 NA NA N-S 25.02 12.56 40.50 1.61 13.98 185.09
uU-D 18.85 10.06 47.83 1.60 14.27 195.23
E-W 54.65 22.13 40.82 14.53 50.06 613.56
205 Adéyan Kahta [37.791438.6164 90.60 660 ZC N-S 44.88 16.00 47.30 12.16 48.73 579.42
U-D 32.93 10.75 56.32 7.92 28.62 480.97
E-wW 126.66 24.00 29.76 79.91 102.01 1227.56
213 Adeéy an Tut 37.796137.929¢ 39.90 NA NA N-S 121.24 26.68 30.35 73.64 83.89 1189.88
U-D 71.36 9.93 31.81 18.33 30.87 594.91
E-W 220.92 27.65 47.84 111.97 138.82 1610.08
3802 Kayseri Sar €|38.478136.503¢ 59.00 305 ZD N-S 196.54 25.73 44.60 122.52 113.17 1647.43
U-D 121.64 12.59 57.00 44.66 63.26 1052.04
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Station Site Significant Arias Housner Cumulative
Code City District Lat. | Long. |Rrup (km)|Vs30(m/s) Class* Comp.|PGA (cm/s?)|PGV (cm/s)| Duration Intensity Intensity (cm) Ab;olute
(s) (cmis) Velocity (cm/s)
E-wW 37.97 6.62 34.96 3.52 19.88 252.56
3804 Kayseri P én ar|38.7227136.3779 88.30 637 ZC N-S 34.55 8.54 44.31 3.02 17.06 251.90
uU-D 27.89 4.81 45.80 2.13 13.48 220.64
E-wW 156.98 14.62 20.48 22.13 33.61 549.93
4405 Malatya Hekimhan |38.810%37.939¢ 85.30 579 ZC N-S 152.09 7.96 20.30 22.85 34.37 571.37
u-D 119.33 8.55 20.02 12.49 25.61 418.75
E-W 410.95 36.95 17.42 287.52 97.76 1784.12
4406 Malatya Ak - a d[38.343937.9734 41.00 815 ZB N-S 472.03 22.36 18.37 326.12 94.34 1955.80
uU-D 315.16 19.11 16.98 144.70 62.52 1274.76
E-W 76.99 18.56 31.17 15.15 45.44 510.97
4409 Malatya Darende |38.560¢37.490§ 55.00 NA NA N-S 72.04 9.19 27.40 15.17 33.30 511.09
uU-D 53.53 6.80 31.56 7.89 25.80 386.26
E-w 127.27 17.64 25.61 25.78 48.18 659.64
4410 Malatya Kuluncak |[38.866437.679( 87.70 NA NA N-S 112.08 10.03 26.57 19.04 43.18 582.30
U-D 54.04 5.36 31.38 7.03 24.49 382.82
E-wW 126.37 28.65 35.05 45.11 91.57 979.39
4412 Malatya Y a z & h[38.596938.1839 74.20 NA NA N-S 158.97 39.50 35.32 50.21 101.56 1002.06
uU-D 79.91 29.18 52.34 37.08 63.22 1000.96
E-wW 138.66 38.36 32.77 68.55 78.22 1080.46
4611 |[Ka hr amal¢t aj | ay|37.747437.2843 32.30 731 ZC N-S 194.41 14.19 35.09 56.78 49.96 996.46
u-D 69.66 11.35 35.43 14.90 30.36 532.72
E-wW 523.19 75.57 25.33 317.38 314.81 1919.10
4612 |[Ka hr ama| G° ks y38.024(36.4814 22.70 246 ZD N-S 635.48 174.05 20.01 417.35 410.67 2070.85
U-D 367.81 55.89 9.99 89.83 129.34 875.16
E-W 203.92 34.77 33.63 51.91 33.49 952.45
4614 [Ka hr ama| P azar|37.485137.2974 61.30 541 ZC N-S 160.92 13.38 32.39 63.00 25.68 1081.29
uU-D 89.17 5.48 34.67 14.20 17.03 508.92
E-W 73.58 30.44 39.73 13.88 35.02 549.36
4615 [Ka hr ama| Pazar|37.386437.138¢ 70.20 484 ZC N-S 44.44 10.99 39.04 8.73 20.99 426.76
uU-D 41.63 6.64 42.74 3.95 14.98 293.52
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Station Site Significant Arias Housner Cumulative
Code City District Lat. | Long. |Rrup (km)|Vs30(m/s) Class* Comp.|PGA (cm/s?)|PGV (cm/s)| Duration Intensity Intensity (cm) Ab§o|ute
(s) (cmis) Velocity (cm/s)
E-wW 53.42 14.71 35.45 9.60 16.94 432.47
4616 |[Ka hr ama| T¢r ko[37.375436.8384 67.80 390 ZC N-S 57.55 10.69 37.61 11.35 16.67 479.10
uU-D 28.04 5.44 39.97 3.09 13.16 261.15
E-wW 82.56 28.47 37.21 27.30 77.74 728.53
4617 |[Ka hr ama| Oni ki |37.585436.830 44.60 574 ZC N-S 55.90 23.46 39.76 19.15 60.60 642.67
uU-D 54.76 13.54 44.86 12.24 53.54 540.45
E-W 81.18 25.19 45.54 19.64 59.58 651.81
4620 [Ka hr ama| Oni ki [37.585436.898 45.40 484 ZC N-S 66.83 21.99 37.52 15.83 50.54 583.58
U-D 57.04 13.62 40.51 8.89 44.94 446.19
E-W 79.83 19.24 45.46 25.12 52.11 765.68
4624 [Ka hr amal Oni ki [37.536136.9174 51.10 280 ZD N-S 65.03 18.78 42.96 26.06 65.10 770.11
uU-D 38.60 9.04 44.38 6.69 30.09 391.69
E-wW 71.85 17.86 33.78 17.60 47.48 571.91
5807 Sivas G¢r ¢ 138.726937.2479  76.10 445 zZC N-S 90.60 10.61 32.94 23.84 33.54 668.98
uU-D 41.84 7.43 39.05 9.11 29.98 444.45
E-wW 45.52 18.16 36.32 6.51 23.88 387.75
8002 Osmaniye Ba h- (37.191436.5620 89.00 430 zZC N-S 65.88 7.74 32.27 11.68 29.08 474.35
u-D 28.81 6.81 47.19 4.02 16.28 317.22
E-wW 109.90 27.50 32.16 11.75 21.97 404.07
NAR |[Ka hr ama| Pazar{37.391937.1574 69.90 NA NA N-S 126.47 8.65 28.54 9.79 17.30 362.86
uU-D 82.38 4.76 29.04 5.45 9.99 264.15

*Siteclasses are given according to #ite classification of the 2019 editiohearthquake code in Turkey (TBEC, 2019).
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Station 2708
Vs30=522.8 m/s, Rryp = 4.0 km

1000

3000
5001 E-W N-S

0 —— GeoMean
—— TBEC 2019 (475 years)
—— TBEC 2019 (2475 years)

-500 —~ 2500

-10004

20004

500 N_S

=
w
o
o

-5004

Acceleration (cm/s?)

10 20 30 40 50 60 70 1000

o

Spectral Acceleration (cm/s?

500 uU-D

5004

-500

-1000-

-
.
1%}

10 20 30 40 50 60 70 0 2 3
Time (s) Period (s)

o

1034 103
10%
107
104
104
100_

109

10714

FAS (cm/s)

1074

10714 10~

1077

E-W 1024 N-5 1034 U-D

10-34
107%

10—3.
102 10— 100 10 102 10! 10° 10 102 10 10° 10
Frequency (Hz) Frequency (Hz) Frequency (Hz)

Figure 4.8. Recorded threeomponent ground accelerations, corresponding Fourier amplitude
spectra (FAS) and response spectra (with 5% damping) in comparison with the most recent
building code (TBEC, 2019) aelected station 27G8ue to Pazarcik (Mw=7.7) event
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Station 3126
Vs30 =350.0 m/s, Rryp = 15.4 km
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Figure 49. Recorded threeomponent ground accelerations, corresponding Fourier amplitude
spectra (FAS) and response spectra (with 5% damping) in comparison with the most recent
building code (TBEC, 2019) at selected station 3426 to Pazarcik (Mw=7.7) event
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Station 3138
Vs30 =618.0 m/s, Rryp = 2.0 km
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Figure 4.10. Recorded threeomponent ground accelerations, corresponding Fourier amplitude
spectra (FAS) and response spectra (with 5% damping) in comparison with the most recent
building codg(TBEC, 2019) at selected station 3138 due to Pazarcik (Mw=7.7) event
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Station 4615
Vs30 =484.0 m/s, Rryp =10.3 km
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Figure 4.11. Recorded threeomponent ground accelerations, corresponding Fourier amplitude
spectra (FAS) and response spectra (with 5% damping) in comparison with the most recent
building code (TBEC, 2019) at selected station 4615 due to Pazarcik (Mw=7.7) event
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Station 4624
Vs30 =280.1 m/s, Rryp = 13.7 km
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Figure 4.12. Recorded threeomponent ground accelerations, corresponding Fourier amplitude
spectra (FAS) and response spectra (with 5% damping) in comparison with the most recent
building code (TBEC, 2019) at selected statio@4@ue to Pazarcik (Mw=7.7) event

Station 2708 is located in Islahiye, Gaziantep, on axsiteNEHRP site class (ite class ZC of
TBEC, 2019)and ata rupture distance of 4 km. We note that multiple wave pasl@tobserved

in the accelerogram. Bothe FAS and response speatrarecomputed based on the entire time
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seriesincluding all wave packets provided by AFAD. The maximum horizontal PGA is recorded

in the EW direction as 1089 criysvhile thevertical PGA valuavasrecordedas977 cm/$. The
broadband nature of the response spectrum is attributhd naultiple wave packets observed in

this large event. Response spectra from both horizontal components show peaks in the short perio
range. Despite being located on stiff soil conditions; teparse spectra of the EW component
showsclearamplifications also in the longer periodsth a particular peakround 1.2 seconds.

The geometric mean of two horizontal response spectra exceeds the design spectrum
corresponding to a return period of 475aggeat almost all periods. The same geometric mean
exceeds the design spectrum for a return period of 2475 years for periods longer than 0.7 second
We note thathe most destruction was concentrated in iaggon based on the first observations

in the feld.

Station 3126 is located in Antakya, on a site with NEHRP site clas#éclass ZD of TBEC,
2019)with a rupture distance of 15.4 km. The maximum horizontal PGA is recorded in the NS
direction as 1210 cndsThe vertical PGA value is 1070 cr/8Ve observe that the acceleration
recorded in the vertical direction are similathose recorded in tHeorizontaldirectionin terms

of frequency and amplitude content. The response spectra of both EW and NS components indicat
amplifications around 0.3 seconds and both exceed the design spectrum for a return period of 474
years. The geometric mean is above the design spe&ruanreturn period of 2475 years for

periods less than 0.4 seconds and below for longer periods.

Station 3138 is located in Hassa, Hatay on a site with NEHRP site ({siés €ass ZC of TBEC,
2019) with a rupture distance of 2 km. The acceleratiorondesuggestpotential directivity
effects. When velocities are investigated, this record indicates forward directivity effects
characterizedy shortduration and higlamplitude two-sided longperiod velocity pulses. The
geometric mean of horizontal respse spectra indicates broadband period content and exceeds the

design spectrum for a return period of 475 years for periods longer than 0.4 seconds.

Station 4615 is located in Pazdt@n a site with NHRP site class Csite class ZC of TBEC,
2019) at arupture distance of 10.3 km. This record also displays broadband response spectra
possibly due to the multiple wave packets. The maximum PGA value is recorded in the vertical

component as 664 cri/dhe geometric mean spectrum is observed to exceed3hed7 design
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spectrum at periods larger than 0.5 s, and it is shown to be similar to thgeat tesign spectrum
at periods larger than 1 s.

Station 4624, | ocated i n Oni ki s ulsietclass RDaoh r a m
TBEC, 2019xat a ryture distance of 13.7 km. The maximum horizontal PGA of 357%cwifich

is relatively lower than thvalues abtherstationsHoweverthe geometric mean tfiehorizontal
response spectra still exceeds the design spectrum for a return period ofr4 & pedods longer

than 0.7 seconds. The broadband content of the response spectra is consistent with the multipl

wave packets observed in the accelerogram.

4.3.1.MMI Distribution

AssesB1g seismic intensity measures after an earthqis&kgreat importancen identifying the
effects of varying ground shaking over an a@ae ofthe most common intensity measures for a
rapid evaluation of seismic effeassmacroseismic intensity distribons. Intensity levels can be
assignd in the field,estimated via online surveys basedhmman responsgsr can be computed

via ground motion to intensity conversion equations (GMICEs). GMICEs mainly employ peak

strong ground motion parameters such as PGA and PGV.

Within the scope of this report, Modified Mercalli Intensity (M)Mhaps areisedfor the Pazardk
earthquake (7.7 Mw) and Elbistan earthquakb {fw) to identify the affected locations. Since
the majority of the building stock in the mostly damaged regi®eemposed of rigid, lowo-
mid-rise buildings, PGA couldea better identifier for macrosemsc intensity distributions rather
than PGV, which better correlates with the seismic behavior of ductile reinforced concrete
structures Erberik, 2008a; Erberik, 2008 n this report, PGAased ground motion to intensity
conversion equations of Bilal dmskan (2014) and Albayrak et al. (2023) are employed. These
GMICEs are both deriveftom local datacompiled aftepast events in Turkiye. They both rely
on geometric means of horizontal PGA values (in énifem 244 strong ground motion stations
for the defined earthquakes. The equations of Bilal and Askan (2014) and Albayrak et al. (2023)
are as follows:
0001 ocod Ph 10COO (4.1)
000 p& wnoy ¢lpl0OCOd (4.2)
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MMI levels can be related to anticipated damage levels. These damage levels are approximately
moderate damage, moderétesevere damage and severe damage or total collapse as MMI levels
of VI-VIII, VIII -X, and XXII, respectively. Figure 43 shows tle staion-based MMI levels for
Pazardk Earthquake. Locations in the close vicinity of the epicenter exhibit MMIddetween

X and XII. Figure 4.14hows tle stationbased MMI levels for Elbistaearthquake. Locations in

the close vicinity of the epicenter exhibit MMI levels between VIl and X.

It should be underlinetthatthe Pazardk earthquake hbsevere seismic effects not only around the
epicenter but also along the surface ruptlurecontrast, the MMI levels for Elbistan earthquake
imply moderateto-severe damage around the epiceritas important to notehat MMI levels
presented here express the effects of these two events independently. Howeeeyrteace of

two large consecutivearthquakes in a relatively shadirne undoubtedlyincreased the damage
levels in the structures located in the region. Fin&tlyregions with mid and highrise flexible
reinforced concrete structuré¥GV-based ground motion to intensity conversionapns should

also be examined (Albagk et al. 2023; Erberik, 2008a; Erberik, 20D8b

(b)
Figure 4.13. Staion based MMI levels for Pazakcearthquake using recorded PGA valtoega)
Equation4.1 and (b)Equation4.2.
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(b)
Figure 4.14. Station based MMI levels for Elbistaarthquake using recorded PGA valt@qa)
Equation 4.1 and (b) Equation 4.2.

4.4. Spatial Distribution of Peak and SpectralAccelerations

The gatial distribution of peak and spectral accelerations for the Pazarcik and Elbistan
earthquakes shownin Figures 4.15 and 4.16respectivelyUpon investigation oFigure 4.15it
becomes apparetitat the highest PGA values are reded in AntakyaIn addition very high

PGA values between 50000 cm/$ are observed generally in the NoSbuth direction,
covering t he provinces of Kahr amanmaTthak,
distribution of PGV and shoperiod spectral acceleration (at T=0.2 s) values are more
homogeneous compared to the PGA, with very high intensities at all stations close to the rupture.
Finally, thehigher longperiod spectral acceleration valuesial s) observed in Antakya indicate
potential forward directivity effect&\s for theElbistan earthquake (M:7.5), it is not as densely
recorded as the Pazarcik (M7.7) event. Agherupture is located to the nortfi the first event
(Figure 4.1, theeffects of this everarefelt more noticeably in the northern provingesaddition

to Kahramanmar ak, such as Adéyaman, Mal aty
intensities are generally observed in Kahra
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(d)
Figure 4.15. Spatial distribution of intensity measureRdizardk earthquake (apGA, (b) PGV,
(c) T=0.2 s PSA and (d) T=1.0 s PSA
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Figure 4.16. Spatial distribution of intensity measureibistanearthquake (a) PGA, (b) PGV,
(c) T=0.2 s PSA and (d) T=1.0 s PSA
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4.5.Performance of Current Ground Motion Models
Performance evaluation of ground motion models (GMia$ conductedon a set of selected
GMMs thatrepresent the ground motion characteristics of the region. The best representative suit
of GMMs for shallow active crustal tectonic regiomasdeterminedaccording to th@roposals of
Gulerce et al. (2016), Akkar et al. (2018), and Kale (20&9)well as the expert opinions. The
final evaluation set includes the following GMMs:
1 the local model of Kale et al. (2016)KAAH15 developed by using the Turkish ground
motion dataset,
1 the Turkeyadjusted version of the global NGA1 Chiou and Youngs (28) model of
Gulerceet al. (2016) GCY16,
1 the regional Paturopean models of Akkar et al. (2024SB14 and Kotha et al. (2022)
i KWBC22,
1 the global Next Generation Attenuation (NGA) West 2 models of Boore et al. (2014)
BSSA14, and Chiou and Youngs (20149Y14.

The evaluations of the selected GMMs are based on the visual inspections betweemgrtiamd
model predictions and recordedbgndmotion amplitudesTo this end a subset of the ground
motion dataset is compiled by selecting the strong motion stations with measgyedldes, and
Risand Reup< 300km for each earthquake (Pazérand Elbistah This distance limitalls within

the model applicability ranges of GMIvisxcept for ASB14 and KAAH130r which extrapolation

of the modelss considered. To obtain the model predictions, functional forms of the GMMs
requirea set of basic estimator paneters such as W Rjs, Rrup, Vssg and styleof-faulting,
whereas the global model of CY14 consgladditional estimator parameters such as horizontal
distance tothe top edge of rupture measured perpendicular to the stsike(lRpthto-top of
rupture(Zror), dip angle, depthtotheshemmave vel oci ty hiretc2Mowsiof o f
the parameters are computed by considering the ruptured faulf plageeas the soil sediment
parameter (Zo) is estimatedfrom the empirical relationshipropo®d by Chiou and Youngs
(2014)as a function of ¥ao

To assesthe distance attenuationabservedyroundmotionsand compare themith the distance
scaling of selected GMMsye presenthe distribution othe geometric meaof the recordings at
PGV, PGA, PSA at T=0.2 s1.0 s and3.0 swith Rjg for the Pazardk and Elbistan Earthquakes
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separately Although the figures show RJB as the distance metric to ensure consistency, the
predictions of each GMM are calculated based on the original distance metric definition of the
models.The median predictions of the BSSA14 modelaaieulatedoy consideringhe Turkye-
specific regionaddjustmenterm (igh-Q option) proposed by Boore et al. (201Bhpr thefigures,
recorded ground motions are converted to reference rock site conditiesas- (¥60 m/s)using

site amplification factors that are calculated éach recording and each GMM separately.

Figures 4.17 4.21showthe comparisons of tHeazardk Earthquake:

T

Recorded PGA values are generally higher than the median estimations of ASB14,
KWBC22, and KAAH15 models for &Rr<100km. In this distance rangge recorded
motions are almost equally distributed around the median for GCY16, BS&AA LY 14
models.

The slope of the distance scaling in the recorded PGAs decays faster than the distance
scaling implemented in almost all selected models #EpRLOKm, except for KWBC22.

This observation is consistent with the observations from recentrzagaitude events in
Turkey (e.g. Samos earthquake, @ice et al., 2021), underlining that the large distance
scaling of the ground motions recorded in Turkdisdar a critical and irdepth overview.
Therefore, the event terms should definitely be estimatedh fRra<100km dataset in the

early stages of regression for any future GMMs based on Turkish strong motion data.
Median predictions of selected GMMs ayaite different for PGV, hence the distribution

of recorded PGVs with respect to median varies significafitlg. median predictios of

ASB14 and KAAH15 models are lower than the other models and eventually lower than
the recorded motions, especially imetnear field. Recorded motions are closer to the
median plus one sigma range for the other models. At longer distances, median PGV
predictions of all models are quite consistent with the recorded data.

Predictive performance of all models is significanfiyod for PSAat T = 0.2 s for

Rru< 100km. Faster decay than the model so6
Median to short distance predictive performance of selected GMM&JAiat T=1 s is
similar to PGA. However, the distance scalifigadMMs and the distance scaling ofs1

spectral accelerations are very different feuR100km, except for KWBC22 and CY14
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models. This observation underlines the need for evaluating the anelastic attenuation terms
in the GMMsdeveloped (KAAH15) andalibrated for Turkey (BSSA14 and GCY16).

1 AtT=3s, the predictive performance of BSSA14 and KWBC22 models are superior when
compared to the other models. Recorded {pagod ground motions are considerable,
especially in the nedteld region Thispreliminaryobservation calls for a detailed analysis

of thepotentialdirectivity effects, especially at or near the end of the rupture.
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Figure 4.20. Comparison of the distance attenuation of ASB14, KWBC22, KAAH15, GCY16,
BSSA14 and CY14 models with recorded strong motion data for T=1.0s PSA. Median and median
N1&d curves are given with black solid and r

Vszonormalized recorded strong motion dataPazardk Earthquake.
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Figure 4.21. Comparison of the distance attenuation of ASB14, KWBC22, KAAH15, GCY16,
BSSA14 and CY14 models with recorded strong motion data for T=3.0s PSA. Median and median
N18& curves are gi ven wines, respectivalc Graypaintsirepresamtte r

Vszonormalized recordestrong motion data for Pazdc&tarthquake.
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