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ABSTRACT

MAPPING GEOTECHNICAL DATA BY GIS: A CASE STUDY OF ELAZIG
CiTY, TURKEY

DEMIRTAS, Onur
M.Sc. In Civil Engineering
Supervisor: Assist. Prof. Dr. Nurullah AKBULUT
February 2022
85 Pages

Elazig city has suffered from the effects of several strong earthquakes. Therefore, it
has required to understand the ground conditions of Elazig for a successful urban
planning, design and construction of new structures. Geological, seismic,
hydrogeological and geotechnical properties are considered as the most crucial factors.
Depending on the location of each structure, impact of these factors could have a
different effect. To understand the effect of geotechnical factors of the soil underlying
the site, subsoil exploration was examined. The main goal of the thesis was primarily
to generate geotechnical maps, which saves especially the cost of soil investigations,
time, and provide a quick source of information for engineering projects. Geotechnical
maps are widespread nowadays due to the existence of Geographical Information
Systems (GIS). The maps in this study were generated by ArcGIS software using
Inverse Distance Weighted (IDW) method. In this study, 210 borehole samples were
collected to determine the index properties and soil classification for the subsequent
allowable bearing capacity evaluation. Furthermore, groundwater level, water content,
shear wave velocity, compressional wave velocity, soil amplification and soil
classification calculations and maps according to Turkish, NEHRP and EUROCODE
8 were generated. According to borehole analysis until 15m depth, groundwater could
not be seen much and might be at deeper levels. Due this reason liquefaction analysis
had not been made. Bearing capacity analysis based on SPT-N have shown that the
results of Terzaghi & Peck and Meyerhof methods were close to each other. The
compressional wave velocity values were higher than the shear wave velocity values
in the study area. As a result of geophysical data’s, the soil classification presented
that the study area was C (low hazard) according to Turkish earthquake regulations, B
and C according NEHRP and A and B according to EUROCODES. In addition, these
maps will help in preliminary studies, feasibility studies, land use policy, design of
urban planning for further studies and can represent the distribution of different
geotechnical properties in an accurate easy to use manner.

Keywords: Elazig, GIS, geotechnical properties, NEHRP, EUROCODE 8.



OZET

GEOTEKNIK VERILERIN CBS iLE HARITALANDIRILMASI: ELAZIG
ILi VAKA CALISMASI, TURKIYE

DEMIRTAS, Onur
Yiiksek Lisans Tezi, insaat Mithendisligi Boliimii
Tez Yoneticisi: Dr. Ogr. Uyesi Nurullah AKBULUT
Subat 2022
85 Sayfa

Elazig ili, baz1 siddetli depremlerden zarar gordiigiinden dolayi, iyi bir sehir
planlamasi, tasarimi ve insasi i¢in zemin Ozelliklerinin incelenmesinin gerekliligi
ortaya ¢ikmistir. Jeolojik, sismik, hidrojeolojik ve geoteknik &zellikler, incelemenin
en onemli alanlar1 olarak one ¢ikmaktadir. Her yapinin konumuna bagli olarak
zeminden kaynakl farkl: etkileri s6z konusu olabilmektedir. Insaat alanindaki zeminin
geoteknik 6zelliklerinin anlasilmasi amaciyla, zemin etiit incelemeleri gergeklestirilir.
Tez ¢alismasinin amaci, 6zellikle zemin etiitlerinin maliyetini diisliren ve zamandan
tasarruf saglayan geoteknik haritalarin olusturulmasi ve miithendislik projelerine altlik
saglanmasidir. Cografi Bilgi Sistemlerinin (CBS) ortaya c¢ikmasiyla geoteknik
haritalar glinimiizde olduk¢a yayginlagsmistir. Calisgmada kullanilan haritalar
Mesafenin Tersinir (MT) yontemi kullanilarak ArcGIS yazilimi ile olusturulmustur.
Bu caligmada 210 adet sondaj logu kullanilarak zemin endeks o6zellikleri, zemin
siniflandirilmas1 ve tagima kapasitesi hesaplamalar1 yapilmigtir. Bunun yani sira,
Tiirkiye Deprem ve Bina Yonetmeligi, NEHRP ve EUROCODE 8’e uygun olarak
zemin siniflandirilmasi haritalari, ayrica yeralti suyu, su muhtevasi, kayma dalgasi
hizi, sikisma dalga hiz1 ve zemin biiylitmesi haritalar1 olusturulmustur. 15 metreye
kadar yapilan sondaj analizlerinde yeraltt suyuna rastlaniimamis olup daha derin
seviyelerde olabilecegi diistiniilmektedir. Bu nedenle sivilagma analizi yapilamamustir.
SPT-N degerleri baz alinarak yapilan tasima kapasitesi analizlerinde Terzaghi & Peck
ve Meyerhof metodu sonuglarinin birbirine yakin oldugu gortilmiistiir. Calisma bolgesinde
stkisma dalga hizi degerleri, kayma dalgas1 hizi degerlerinden daha yiiksek oldugu
izlenmistir. Jeofizik verilerin bir sonucu olarak, c¢alisma alanindaki zemin
smiflandirilmasimin Tiirkiye Deprem ve Bina Yo6netmeligine gore C smifi zemin;
NEHRP'e gore B ve C sinifi zemin; EUROCODE 8'e gore ise A ve B sinifi zemin
oldugu goriilmiistiir. Bunlara ek olarak s6z konusu olusturulan haritalar, 6n etiitler,
fizibilite ¢aligmalari, arazi kullanim politikasi, sehir planlamasi ve tasarimina yardime1
olacak, farkli zemin o&zelliklerin dagilimmi dogru ve kolay bir sekilde temsil
edebilecektir.

Anahtar Kelimeler: Elazig, CBS, geoteknik 6zellikler, NEHRP, EUROCODE 8.

Vi



My precious family .....

Vil



ACKNOWLEDGEMENTS

I would like to thank my dear colleague Bahadir KARABAS, who had a great effort
in shaping my thesis with his suggestions and guidance, who guided me with his
constructive and guiding ideas in the preparation of my master's thesis.

I would like to thank the staff of the Directorate of Reconstruction and Urbanization
working within the Elazig Municipality for enabling us to use the necessary resources

to create the database.

Even though the Covid-19 pandemic, | would like to thank my supervisor Assist. Prof.
Dr. Nurullah AKBULUT who has tried his best from far away to guide my thesis.

I would like to thank my wife Rukiye DEMIRTAS, who has always been with me in

the preparation of this thesis, and my daughter Asel DEMIRTAS, who came to the

world and made us spiritually happy.

VIl



TABLE OF CONTENTS

Page No

ABSTRACT ..ttt bbbttt bbb be e \/
[0 /21 AP PRSP PRPTPPRR Vv
ACKNOWLEDGEMENTS ..ottt VIl
TABLE OF CONTENTS ...ttt IX
LIST OF TABLES........coo oottt XI
LIST OF FIGURES. ........o ottt XII
ABBREVIATIONS OR SYMBOLS LIST ..ot XV
EEAPTEREL ................ ... A A ... 1
INTRODUCTION ..ottt sttt ane e naeneenes 1
1.0 GBNEIAL ...ttt 1
1.2. ODJective OF the STUY .........oiiiiiiieieeise s 3
1.3. Outline Of the theSIS ........ccoviiiiieise e 3
CHAPTER 2 ..ottt bttt bbbt neas 5
LITERATURE REVIEW. .....cooiiiii ettt 5
N I €T T - | USSR 5
2.2. Previous Studies 0N GIS ... 5
2.3. General properties Of the StUAY Area ..........ccccvvvririniiieiese s 7
2.3.1. Location and of the Study area ............ccovvvrerieiiiieiese e 7
2.3.2. Climate, temperature and Vegetation............ccccecvveveeveiieie s 8
2.3.3. General geological properties of the area..........c.ccvevevvvienieene e 8
2.3.3.1. Geology Of the StUdY area..........ccooeieiiriiiiieee e, 9

2.3.4. Seismicity Of the regioNn ..........ccccveiie i 9

2.4. Geographic information SYStEMS ..........ccceviiiiie i 12
2.4.1. INEOTUCTION ...ttt ae e nre s 12
2.4.2. How does a geographic information system Work? ............cccccceevvvennnnn. 14
2.4.3. Components of geographic information system ............ccccccvevvviieennnnnn 14
CHAPTER 3 ..ottt ettt st et neare e 15
MATERIALS AND METHODS. ..ottt 15
3L INErOTUCTION. ... e 15
3.1.1. SOil iNVEStIgation FEPOIT ........ccverieeerierieriesiceieeee e 15
3.1.2 SO FESEAICH ...t 16



3.2. Standard penetration teSt..........cccvvviieeie e 18

3.2.1. SPT MELNOU. ....ciiiiiiiiieie s 18

3.3. Bearing capacity CalCulations ...........ccoceieiieiiiiiesiee e 19
3.3.1. Terzaghi and Peck (1967) Mmethod ...........cccoovevveiiiic i, 20
3.3.2. Meyerhof (1974) Method ..........cccoeiieiieie e 21
3.4. Compressional wave VEIOCITY (V) «oovevereriierinieiienie e 22
3.5. Shear Wave VEIOCILY (VS) .....civiiiieieeie et 23
3.5.1. Measuring shear wave and compressional wave velocities in the field 25

3.6. Soil classification according to NEHRP ... 26
3.7. Earthquake hazard by soil amplification ............c.cccceevviiiiieve i, 26
3.8. The water CoNtent StUAY @rea ..........cccvevueiiieieerieiieieese e 27
3.9. Soil classification according to EUROCODE 8.........ccccoceiiiiniiiniiien, 27
3.10. Atterberg limits @analySiS .........ccccveiieiiiiieiieiecc e 28
3.11. Unified soil classification SYStEM .........cccccvveviiiiieiieriiic e 29
CHAPTER 4 ..ottt ettt st et nenna e neens 30
RESULT AND DISCUSSION. ... .ottt 31
4.1, SPT-N MAPS .. ttiiiiiiiiiie ittt e e s e e sbb e e br e e s beeeanaeeeas 30
4.2. Bearing Capacity analySIS..........ccccoiiiiiriiininieieiesese e 37
4.3. Water level and water content analysis............ccooererenininiiniininisieeeen 50
4.4. Atterberg limits analysSiS........cccoviieiiciice e 57
4.5. Analysis of shear wave velocity calculation of the top 30 M ......cccevveeenee. 61

4.6. Soil classification analysis according to NEHRP earthquake regulation .... 62
4.7. Analysis of the earthquake hazard level according to the soil amplification

CAICUIALION ...ttt et sre e e e e nneas 64
4.8. Soil classifications analysis according to EUROCODE 8.............c.cceeueee. 65
4.9. Unified soil classification system analysis ..........cccoccevvveveiieneeie s 67
4.10. Compressional wave velocity analysis ..o 71
4.11. Shear wave VeloCity analysiS ........ccccveiiiiiiieiiiece e 73
CHAPTER D ..ottt 75
CONCLUSIONS AND RECOMMENDATIONS ..o, 75
REFERENCES ...ttt 78



LIST OF TABLES

Page No
Table 3.1 Soil eXploration COSES ..........cuiiiiiiieieerre e 17
Table 3.2 P and S wave velocities 0f SOMe rocks..........cocuvvieieneiinenseeee, 24
Table 3.3 Soil classification criterias according to NEHRP. ..........c.ccccoevieiiiinnen, 26

Table 3.4 Soil amplification relationships according to shear wave velocity (Vs3o). 26
Table 3.5 Soil classification criterias according to EUROCODE 8...............cc........ 27

Xl



LIST OF FIGURES

Page No
Figure 2.1 The map of the StUdY @rea..........ccceieieiiiiiiiirieeee e 8
Figure 2.2 Geological map of EIazZig .........cccoeieiiiiiiiiiieee e 9
Figure 2.3 Map of Elazig earthquake region zones and active faults ...................... 10
Figure 2.4 Map of Turkey’s eartquake zone and active faults.............c.ccocveerviinnn, 11

Figure 2.5 Distribution of earthquake magnitudes (M>4.0) between 1900-2022 in
Elazig and SUMTOUNGINGS ....c.voiiiiiiieiesiieiesee e 11
Figure 2.6 The numbers of earthquakes and magnitude between 1900-2022 in Elazig

AN 1S SUMTOUNGINGS ....veveeveeiie ittt ste et e e taeste e sreesteeraesraeneeaneenreas 12
Figure 2.7 Layers of geographical information SyStem............ccoceviienenininniieienns 13
Figure 2.8 Basic components of geographic information System...........c.ccccevvenenns 14
Figure 3.1 An example of SPT boring report........ccccceviveieieie i 16
Figure 3.2 Steps of standard penetration test .............ccocvveveiiein s 19
Figure 3.3 Change of allowable bearing capacity according to foundation width and
00 SR 21
Figure 3.4 P wave global propagation.............ccccceeveiieiieie e 23
FIgure 3.5 P WaAVE EMISSION ........ccveiiiieieecie ettt 23
FIQUIE 3.6 SH WAV ....cuiiiiiiiieie ettt bbbt 24
FIQUIE 3.7 SV WAVE ...ttt bbbt 24
Figure 3.8 Movement of waves in the soil due to seismic method..............ccccveenee. 25
Figure 3.9 Soil consistency limits and volume change ...........ccocoevveiie e, 28
Figure 4.1 SPT-N map of the study area according to 1.5 m depth............ccccvvenin. 31
Figure 4.2 SPT-N map of the study area according to 3 m depth.............ccovvvenennn. 32
Figure 4.3 SPT-N map of the study area according to 4.5 m depth..........cccceovennee. 33
Figure 4.4 SPT-N map of the study area according to 7.5 mdepth...........cc.ccvvenin 34
Figure 4.5 SPT-N map of the study area according to 9 m depth..............cccoeenn 35
Figure 4.6 SPT-N map of the study area according to 15 m depth..........cccceevvnnee, 36
Figure 4.7 Boreholes according to their SPT-N values and boring depths............... 37

Figure 4.8 Bearing capacity map according to Meyerhof method at 1.5 m depth..... 38
Xl


file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170560
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170563
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170564
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170565
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170566
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170567
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170567
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170569
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170568
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170570
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170571
file:///C:/Users/Hasan%20Bayraktar/Desktop/Y.LİSANS/TEZ/TEZ-İNGİLİZCE%20TASLAK.docx%23_Toc95170573
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839836
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839837

Figure 4.9 Bearing capacity versus SPT-N values according to Meyerhof and Terzaghi

and Peck at 1.5 M depth ......cveiiiii s 39
Figure 4.10 Bearing capacity map according to Terzaghi and Peck method at 1.5 m
(0121 o] 1 S SRSUPSSRRS 39
Figure 4.11 Bearing capacity map according to Meyerhof method at 3 m depth..... 40
Figure 4.12 Bearing capacity map according to Terzaghi and Peck method at 3 m
(0121 o] 1 S STSUSS SRR 41
Figure 4.13 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 3 m depth........ccooviiiiiiii e, 41

Figure 4.14 Bearing capacity map according to Meyerhof method at 4.5 m depth.. 42

Figure 4.15 Bearing capacity map according to Terzaghi and Peck method at 4.5 m

01T o] 1 TSRS 43
Figure 4.16 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 4.5 M depth........ccooviiiiiiii e, 43

Figure 4.17 Bearing capacity map according to Meyerhof method at 7.5 m depth .. 44

Figure 4.18 Bearing capacity versus SPT-N values according to Meyerhof and

Terzaghi and Peck at 7.5 M depth.........cccoiiiiiiiii 45
Figure 4.19 Bearing capacity map according to Meyerhof method at 9 m depth..... 46
Figure 4.20 Bearing capacity map according to Terzaghi and Peck method at 9 m
(0121 o] 1 OSSP UPRRUORPRRRI 47
Figure 4.21 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 9 m depth.........cociiiiiiiiii e, 47

Figure 4.22 Bearing capacity map according to Meyerhof method at 15 m depth... 48

Figure 4.23 Bearing capacity map according to Terzaghi and Peck method at 15 m

(0121 o] 1 OSSP UPRRUORPRRRI 49
Figure 4.24 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 15 M depth ... 49
Figure 4.25 Ground Water 1eVel............ocooiiiiiiiic e 50
Figure 4.26 Water content (1.5 M) ....ooiiiiiieiee e 51
Figure 4.27 Water CONtENT (3 M) .o.voiviiiiieieieieese e 52
Figure 4.28 Water Content (4.5 M) .....ooiiiiiiiiieiee e 53
Figure 4.29 Water cOntent (7.5 M) ..ocuooiiiiiiicee e 54
Figure 4.30 Water CONtent (9 M) ....coviiiie i 55


file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839838
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839838
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839839
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839839
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839840
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839841
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839841
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839843
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839844
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839844
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839845
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839845
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839846
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839848
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839849
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839849
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839851
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839852
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839852
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839853
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839853
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839854
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839855
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839856
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839857
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839858
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839859

Figure 4.31 Water content (15 M) ...ccuviieiieiiiie e 56

Figure 4.32 Water content values comparison chart by borehole depth ................... 56
Figure 4.33 Liquid lImMit (3 M) .oeoireieceee e 57
Figure 4.34 LL Values comparison chart by depth at 3m..........cccceovvvevviicivennen, 58
Figure 4.35 PIastic liMIt (3 M) ..o e 59
Figure 4.36 PL Values comparison chart by depth at 3 m ..., 59
Figure 4.37 Plasticity iINAeX (3 M) ...couiiiiiiee e 60
Figure 4.38 Pl values comparison chart by depth at 3 m.........cc.cccoeveiieie e 60
Figure 4.39 Shear wave VEloCity (30 M) ....oooiiiiiiiiiiisereeee s 61
Figure 4.40 Comparison of Vs (30 m) value in the study area ............c.ccocevevvvenenn, 62
Figure 4.41 NEHRP soil classification ...........ccccceviiiiiieii i 63
Figure 4.42 Comparison of its distribution in the study area...........c.cccccceevvervenenne. 63
Figure 4.43 Hazard map according to soil amplification results...............ccccooeenenen. 64

Figure 4.44 Distribution of hazard values in the study area according to soil

aMPHTICALION CIITEIIA ... ...eevieic e 65
Figure 4.45 Soil classification map according to EUROCODE 8 .............cccccveneee. 66
Figure 4.46 Distribution of soil classification values in the study area according to
EURQOGCODE 8......ooviieiecteiteeett ettt ettt se b bessenaans 66
Figure 4.47 Soil classification according to USCS (1.5m) ..c..coevvvieiieieiieceee 67
Figure 4.48 Soil classification according to USCS (3 M) ....ccccvveveiieieeie e 68
Figure 4.49 Soil classification according to USCS (4.5 M) ..o, 69
Figure 4.50 Soil classification according to USCS (7.5 M) ...ccoovviiiiiiiniiiiiien, 70
Figure 4.51 Soil classification according to USCS (9 M) ....ccccovveveiieiicce e 70
Figure 4.52 Soil classification according to USCS (15mM) ...c.ccovevviieieececie e 71
Figure 4.53 Compression wave VelocCity at 7.5 M ..o 72

Figure 4.54 Distribution of the measured value for 7.5 m of compression wave
VElOCity IN the STUAY ArEa.........ccveiiiiiiiieiiesiisieeee e 73
Figure 4.55 Shear wave VeloCity at 7.5 M ......ccooiiiiiiic e 74
Figure 4.56 Distribution of measured value of shear wave velocity for 7.5 m in the

LU0V 1= ST SR PSRRI 74

XV


file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839860
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839861
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839865
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839868
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839870
file:///C:/Users/Hasan%20Bayraktar/Desktop/TEZ-İNGİLİZCE%20TASLAK%20düzenlendi.docx%23_Toc97839878

ASTM

NEHRP
Qe

ubD
USCS
SPT

ABBREVIATIONS OR SYMBOLS LIST

American society for testing and materials
Disturbed sample

Depness (km)

Magnitude

National earthquake hazard reduction program
Bearing capacity (KN/m?)
Undisturbed sample

Unified Soil Classification System
Standard penetration test
Compression wave velocity (m/sec)
Shear wave velocity (m/sec)

Shear wave velocity at 30 m

Water content (%)

Poisson Ratio

Foundation width (m)

Foundation depth (m)

SPT pulse count

Density modulus

Liquid limit

Plastic limit

Plasticity index

S wave horizontal component

S wave vertical component

XV



CHAPTER 1

INTRODUCTION

1.1. General

Soil improvement constitutes the most important stages of planning and projecting.
Field observations, field tests and experiments are the most common applications used

in field measurements applied from static and dynamic use of the soil.

It is extremely important in terms of Geotechnical Engineering to determine how the
structural properties of the soil may change in cases where the soils are under the
influence of dynamic and static loads, that is, the structural loads are transferred to the
soil. In this way, it is possible to determine the structural suitability of the construction
area, to design safely and economically, and to implement the construction phases
without any problems. In order to carry out the aforementioned studies, it is necessary
to obtain the soil parameters with appropriate examination methods at the construction

site and to determine the structural properties of the soil by using these data.

In addition to the design of all kinds of buildings, the growth of cities and the
increasing population have brought along the demands for new and high-rise
buildings. For this reason, there has been a great increase in the construction of
buildings (housing, hospital, school, etc.) in recent years. Due to the change in the
number of soils and heights, as well as the difference in usage purposes, the need for
more comprehensive soil investigations of the areas where the structures will be built

has emerged.

In the design of reliable and economical structures, it is important to know the soil
properties and depth of the soil under the area where the structure will be built. Today,
the physical and mechanical properties of the soil are determined by using field test

methods, laboratory test methods and geophysical methods.



These methods have advantages over each other as well as various disadvantages. In
this context, examining the results together by using all three test methods will be the
most appropriate method in determining the soil parameters. However, considering
that ideal conditions cannot always be created, the data obtained as a result of the
aforementioned soil investigation methods should be compatible with each other and
reflect the real situation in the field.

Laboratory tests, one of the soil investigation methods, are used to determine soil
parameters with the help of experiments performed on disturbed and/or undisturbed
samples taken during borehole in the field. However, relative disturbances may occur
during undisturbed sampling and preparation for laboratory experiments. Considering
that soil strength parameters are directly related to deformations on soils, laboratory
test results may need to be checked using other methods.

In this respect, since it is not possible to obtain undisturbed samples for every soil type,
field tests and geophysical methods are also used to determine soil properties.

Field tests are methods used to determine soil parameters in situ. Since undisturbed
samples cannot be obtained, especially in cohesionless soils, the soil is tested in its
natural environment with field tests. In field tests, the probes are applied by pushing
(static probing) or hammering (dynamic probing) into the soil and the reactions of the

soil to these processes are measured and recorded.

In seismic methods, which are mostly used in geophysical methods, the basic principle
is to determine the velocity of waves produced from a source as a result of reflections
and refractions. Today, this method, which has a wider application area in civil
engineering due to economic reasons, has started to be used more widely in

geotechnical engineering for the determination of soil properties.

In this respect, the use of Geographic Information Systems provides great convenience
in the effective use of the data obtained by the three methods mentioned above, namely
the soil properties. In this context, large-volume databases are worked on, and rapid

evaluation, viewing and querying of these databases can only be achieved with GIS.



Recently, larger buildings, larger roads and larger structures have been built to meet
social needs. The developments in construction technology have increased the
importance of research in soil mechanics. Determination of soil properties is the most
important stage of the project of construction works. The fact is that laboratory tests,
field tests and geophysical methods are the most common methods used to determine
the behavior of soils under static and dynamic loads.

1.2. Objective of the study

In this study, using the data obtained from the studies carried out by the Municipality
of Elazig, SPT calculation analysis, bearing capacity calculation analysis, groundwater
level and water content analysis, shear wave velocity calculation analysis, USCS soil
analysis, atterberg limits analysis, shear wave velocity analysis 30 m, compression Soil
classification analyzes according to wave velocity, NEHRP (USA) earthquake
regulation and EUROCODE 8, earthquake hazard level analysis according to soil
amplification calculation was made. In this context, ArcGIS software was used to
apply geographic information ssystems in geotechnical applications.

It is aimed to create a database for the study area by digitizing the SPT values obtained
from the borehole data and other geotechnical data. Using the created database, it is
aimed to create maps in the digital environment for different practical purposes.

1.3. Outline of the thesis

Chapter 1- Introduction: In this section, the importance of using the methods used to
determine soil properties and the convenience provided by transferring the results

taken from the methods to the GIS system is discussed.

Chapter 2- Literature review: In this section, previous studies with the GIS system,
general properties of the study area, its geology and seismicity are mentioned. In

addition, information is given about the GIS.

Chapter 3- Materials and Methods: In this section, the methods used in this study are

mentioned.



SPT calculation analysis, bearing capacity calculation analysis, groundwater level and
water content analysis, shear wave velocity calculation analysis, USCS soil analysis,
atterberg limits analysis, shear wave velocity analysis 30 m, compaction Soil
classification analysis by wave velocity, NEHRP (USA) earthquake regulation and
EUROCODE 8, earthquake hazard level analysis according to soil amplification

calculation are included.

Chapter 4- Results and Discussion: In this section, the maps and figures created within
the scope of the research and relevant evaluations and discussions are included.

Chapter 5- Conclusions and Recommendations: The results and recommendations of

the thesis are given.



CHAPTER 2

LITERATURE REVIEW

2.1. General

In this section, previous studies on the GIS applications are introduced. In addition,

general properties of the study area, its geology, and seismicity are given.

2.2. Previous studies on GIS

There have been many studies in different areas using GIS applications. For example,
a study of the use of GIS and field use for planning and adjustment of earthquake
damage maps was conducted by Marx (1992) for Seattle. A study has been carried out
on the use of GIS in city planning (Haala et. al, 1998). The GIS was used to create
damage maps in India to mitigate the earthquake risk (Anand, 2000Since interpolation
can be made between two points by various methods with the help of GIS, a study was
carried out on the soil properties between two boreholes in a geotechnically
investigated region (Undiil ve Giirpinar 2003, Cetin ve Unutmaz 2004). Multimedia
GIS database was created for tourism industry in Nigeria (Ayeni et al., 2004). The GIS
database was used for the implementation of environmental emergency action plans
(Spearin, 2004). A study was conducted on the preparation of maps showing soil
properties using GIS. (Akbas ve Yildiz, 2004). A study was conducted on creating a
zoning plan model for a medium-sized metropolitan area using GIS according to soil
characteristics (Orhan, 2005). A study was conducted in Eskisehir by examining soil
properties such as liquefaction potential, swelling potential, groundwater level, and
susceptibility to flow. (Kolat vd., 2006). In a study on the use of GIS for Geotechnical
purposes in Adapazari, a study was conducted by creating the Adapazari bearing
capacity map, liquefaction map and damage maps with the help of MaplInfo. (Sert vd.,
2006). By using aerial photographs and Landsat images obtained with GIS at different
times, how much the city of Kahramanmaras has developed over time has been
determined. (Karabulut vd., 2006). In health geography, spatial analysis models and
methods with GIS, innovations related to the spatial situation of health services have



been researched. (Ergiin ve Sarag, 2006). A study was conducted on the analysis of
archaeological sites using GIS (Turoglu, 2006). A study was carried out to create a
noise map by entering measurements into the Mersin University Ciftlikkdy Campus
digital map with the help of GIS by measuring noise (Kumbur, 2006). Using GIS
technology, modeled the change in soil amplification parameters in the region and
classified the study area according to NEHRP by using the Vs values obtained in the
field or calculated from the number of impacts (Beliceli, 2006). The distribution of
liquefaction potential index in the GIS platform of the area around the Municipality of
Glimisler in Denizli province was investigated (Sen ve Akyol 2006). Maps of land
slope and geological data layers were created with the help of GIS program (Kincal,
2006). A study has been carried out that emphasizes the importance of the process and
reduces the error loss of the data analysis while creating the soil maps (Karavul vd.,
2006). They conducted a study with GIS to obtain information about the region
between Biiyiikcekmece and Kiiglikgekmece Lakes, such as permeability status,
geology, susceptibility of soils to liquefaction, groundwater, faults, hydrology and old
landslide areas (Alparslan vd., 2006). Based on the data obtained from the soil survey
reports received from Eskisehir Tepebas1 Municipality, different maps were created in
the GIS environment for general soil profile extraction and accordingly to be used in
geotechnical design (Seven, 2008). Prepared the soil liquefaction potential, ground
water and soil properties of the places within the borders of Tepebasi municipality in
Eskisehir using GIS software (Ayday vd. 2008). Created geotechnical microzone maps
using GIS techniques (Kolat ve ark. 2012). The geotechnical properties of the soil
along the east and west sides of the Tigris River were modeled electronically with the
help of GIS (Alhasmey, 2015). Thematic maps and model maps were created by using
the GIS method in order to determine groundwater potential and water quality in
settlement areas and plains located within the borders of Batman province. (Yavuz,
2017). Earthquake hazard maps were created with GIS and Analytical Hierarchy
Method (Savasan, 2018). Geotechnical features of Malatya were evaluated by
producing maps with GIS based software (Karabas, 2019). Groundwater quality for
Idlib City was evaluated with GIS software (Khateeb, 2020). Liquefaction potential
maps were created by using GIS-based computer software for the liquefaction
potential of soils in a certain region in the city center of Kiitahya. (Karabas ve Sengiil,
2021). Erzincan city center geotechnique was evaluated with GIS. (Cabalar ve ark.,
2021).



2.3. General properties of the study area
2.3.1. Location and of the study area

The province of Elazig, which is the study area, is located in the south-west of the
Eastern Anatolia Region, in the Upper Euphrates Section. Its surface area is 9.281 km?,
of which 8,455 km? is land, 826 km? is dam and natural lake areas. Elazig, which is
1.067 meters above sea level, consists of mountainous areas, plateaus and plains in
terms of landforms. The province area, which constitutes 0.12% of Turkey's lands, lies
between 40° 21" and 38° 30" east longitudes, 38° 17" and 39° 11" north latitudes. Within
this framework, the length of the territory of Elazig province, which is roughly
rectangular in shape, in the E-W direction is approximately 150 km and its width in
the N-S direction is approximately 65 km (CSB, 2020).

Due to its geographical location, it is located at the junction of the roads connecting
the Eastern Anatolia Region to the west. The province is surrounded by the lands of
Bingol from the east, Tunceli from the north via Keban Dam Lake, Malatya from the
west and southwest through the Karakaya Dam Lake and Diyarbakir from the south.
The most important river within the borders of the province is the Euphrates and its
branches. Hazar Lake, with an area of 86 km2, is 30 km from the city center. In
addition, our province is surrounded by important dam lakes such as Keban, Karakaya,
Kralkiz1 and Ozliice (CSB, 2020).

The general slope range of the study area is 0-50%, and the slope value on the slopes
in the southern parts of the Harput castle is between 60-70% (EMDD, 2015).
The localization map showing the study area is given in Figure 2.1.
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Figure 2.1 The map of the study area
2.3.2. Climate, temperature and vegetation

Elazig, where a continental climate prevailed in the past, has transitioned to a
temperate climate with the effect of the dams that have been built or are being built.
As a result of this process, especially the winters, which were very cold and heavy
snowy before, are relatively milder. Elazig was established on a fertile plain. Since the
continental climate is experienced, there are no large woodlands in the mountains as
in the Black Sea. However, due to the dams built, Elazig has transitioned to a temperate
climate as stated. Normally, in the Eastern Anatolia Region, summers are very hot and
winters are very cold. Considering the ecological conditions, it can be said that
approximately 90% of the Elazig province area between 950-1.950 m is within the
natural forest ecosystem (EMDD, 2015).

2.3.3. General geological properties of the area

Geological information of the study area is created by utilizing "Geotechnical Report
Based on the Construction Plan of the Elazig Municipal Settlement Site" prepared by the
Elazig Municipality in 2018 and the “Elazig Province Environmental Status Report”

prepared by the Ministry of Environment and Urban Planning in 2011 (Figure 2.2).



2.3.3.1. Geology of the study area
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Figure 2.2 Geological map of Elazig (Ibilioglu, 2010)

2.3.4. Seismicity of the region

Understanding the potential of seismic activities depends on local geology, tectonic
movements and seismic activities that have occurred in the region throughout history.
When the subject is evaluated from this point of view, it will be useful to examine the
location of Elazig province in the earthquake map, the active faults around it and the
earthquakes that have occurred in Elazig before (Akgal, 2020).

As seen in Figure 2.3 and Figure 2.4, Elazig province is located in the first and second
earthquake zones due to the high seismic activity in general in terms of geographical
location. According to the earthquake regulations of 2018 and previous years, the

earthquake map of Elazig and its surroundings is presented in Figure 2.3.
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Figure 2.3 Map of Elazig earthquake region zones and active faults

There are five active faults in the study area and its surroundings. These faults; East
Anatolian Fault, Southeast Anatolian Thrust Zone, Nazimiye Fault, Ovacik Fault
(EMDD, 2015).

Within the framework of this study, it was determined that there were 184 earthquakes
higher than M>4.0 between 1900-2022 in and around Elazig, and it is presented in
Figure 2.5. The number and magnitude of these earthquakes are given in Figure 2.6.
The earthquakes that occurred in and around Elazig between 1900-2018 are presented
in Table 2.1. (AFAD, 2021).
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Table 2.1 The important earthquakes occured in Elazig and its surroundings between

the years of 1900-2022 (AFAD, 2021)

No Date Time Lat.-Log. D M Location
1 | 01.01.1904 | 22.00 | 3883-3869 | 10 | 50 | Merkez - Elazig
2 | 28.00.1908 | 06.27 | 38.35-39.15 | 10 | 6.1 Ma'atygo'?(‘;:rr Elazig
3 | 08.11.1950 | 10.08 | 38273916 | 50 | 52 Sivrice — Elazig
4 | 10.09.1973 | 03.02 | 3851 _39.64 | 417 | 4.7 Keban — Elazig
5 | 24.06.1987 | 0653 | 38.32-39.35 | 325 | 47 | Kovancilar - Elazig
6 | 09.05.1998 | 15.38 | 38.25_38.94 | 17.2 | 51 Aricak — Elazig
7 | 08.03.2010 | 02.32 | 38.77 —40.07 5 6.1 Kovancilar- Elazig
8 | 11.08.2004 | 1548 | 38.37-3922 | 10 | 56 Sivrice - Elazig
9 | 04.042019 | 17.34 | 38.38_3912 | 89 | 52 Sivrice — Elazig
10 | 24.01.2020 | 2055 | 38.35_39.06 | 81 | 6.8 Sivrice - Elazig

D=Deepness (km), M:Magnitude

2.4. Geographic information systems

2.4.1. Introduction

GIS is a high-performance computer system that collects information about the objects

that exist in the world and the events that occur, stores them in the computer

environment, makes inquiries, maps and analyzes them in the desired format and scale.

This system is a set of technological systems capable of collecting and storing all data

belonging to objects and events with a geographical location, as well as updating,
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querying, synthesizing and producing new options in a very short time (Tosun ve
Orhan, 2007).

The ability to enter data for each geographical object, to make different types of
queries on these data and to produce maps with GIS techniques increases the usage
areas by providing significant convenience to the users. Researchers and practitioners
have the opportunity to use the software for their purposes by making various changes
in the face of emerging needs. GIS can be used in many earth science applications as
well as urban INFORMATION system, mathematical modeling and vehicle tracking.
Some of these studies on earth sciences can be listed as natural hazard analyses,
general geological studies and geotechnical studies (Orhan, 2005).

GIS can evaluate local changes quickly and effectively. Because GIS has the ability to
work with large data sets. In addition, GIS can combine and query various variables
for decision support purposes. (Wylie ve ark. 1994; Pebesma, 1996).

Analyzes and maps made using GIS play an active role in the evaluation of the soil
structure in the study areas and in taking the necessary precautions before
theearthquake. Example maps that can be created with the help of GIS in geotechnical

engineering are shown in Figure 2.7.
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Figure 2.7. Layers of geographical information system (Seven, 2008)
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2.4.2. How does a geographic information system work?

GIS stores information about the earth by treating it as geographically related thematic
map layers. This is a simple but extremely powerful approach to evaluating spatial
information. For example, it enables the solution of many real world problems, from
the optimum load distribution of the transport vehicles that have undertaken the
distribution task, to the detail records of the planning based applications, to the

modeling of the changes in the atmosphere (Yomralioglu, 2000).

2.4.3. Components of geographic information system

GIS; It is a system consisting of human, software, data and management circle, which
covers the processes of covering, managing, processing, analyzing, modeling and
displaying the data whose location is determined in the space. Classically, GIS consists

of five components (Koktiirk, 2003).

Data Methods
- e o)
I ?:P el
B | e
:ﬂ ~N - =
Equipment | Humans

Software

Figure 2.8 Basic components of geographic information system (Kurnaz, 2011)
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CHAPTER 3

MATERIALS AND METHODS

3.1. Introduction

Within the scope of the thesis study, the studies carried out within the scope of the soil
survey reports prepared by utilizing the geological-geotechnical 210 borehole information
were used in order to evaluate the suitability for the settlement area of the approximately
133.65 km? part of the Elazig Municipality in the province of Elazig. In this study, 1.5 m,
3m, 45 m, 7.5 m, 9 m, 15 m depths, SPT calculation analysis, bearing capacity
calculation analysis, groundwater level and water content analysis, shear wave
velocity calculation analysis, USCS soil analysis, atterberg limits analysis, shear wave
velocity analysis 30 m, compression Soil classification analyzes according to wave
velocity, NEHRP earthquake regulation and EUROCODE 8, earthquake hazard level

analysis according to soil amplification calculation was made.

3.1.1. Soil investigation report

In Terzaghi's words, the foundations, which are seen as the last "majestic"” structural
element, should be tasked with maintaining the structural integrity of the soil while
transferring the superstructure loads to the soil, and should also be designed without
forcing the soil against excessive stresses. Otherwise, the soil may cause excessive

settlement and/or slip failure in response (Coduto, 2001).

The soil survey data report is prepared by taking into account the structural features,
local soil conditions, the geology of the region, the condition of the surrounding
structures and regional seismicity. Field observations, boreholes, inspection pits, field
and laboratory tests etc. made within the scope of the survey. All studies should be
prepared as a "Soil Investigation Data Report”, making use of the relevant standards,
as a basis for the "Soil Investigation Evaluation Report” to be prepared later (IMO,
2016).

15



In the Borehole Log in Figure 3.1, there are issues such as borehole depth, sample type
(D and UD), SPT impact number and graph, Geotechnical description, groundwater

level, coordinate, borehole elevation, start-end date (IMO, 2016).

In addition, data obtained from seismic studies such as shear wave velocity and
compression wave velocity, which are not included in the borehole log, and parameters
such as dominant vibration period, soil amplification, and density are taken from the

charts prepared within the scope of soil investigation.
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Figure 3.1 An example of SPT boring report (EMDD, 2015)
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3.1.2. Soil research

Soil survey studies and Soil Investigation Data Report to be planned by civil engineers
should be prepared by the collaboration of civil and geology, if necessary, geophysical
engineering disciplines. The distribution of duties according to the fields of

specialization are given below (IMO, 2016).

Borehole wells, taking all kinds of disturbed and undisturbed samples, SPT and other
field tests, soil and rock mechanics laboratory tests and reporting, under the
supervision of civil or geological engineers, dynamic properties of the soil such as
seismic refraction, seismic reflection, multi-channel surface wave analysis.
Conducting and reporting of field tests for determination should be done by

geophysical engineers (IMO, 2016).

Field and laboratory studies carried out in the soil survey data report should be
presented in detail. In this context, soil survey data report; the purpose and scope of
the research, zoning status, parcel information and topographic situation, general
geology and geology of the study area, site plan of the research points (separately on
the architectural site plan and plankote), logs of all borehole and inspection pits, soil
sections and groundwater table, field and laboratory test data and laboratory test

results.

Within the scope of the study by Rowe, the value of the cost of soil survey studies for
different work items, determined as a percentage of the total investment cost and the

cost of earthworks and foundation, is presented in Table 3.1.

Table 3.1 Soil exploration costs (Rowe, 1972)

Construction Type Total Investment Cost In Percent_age of EarthV\_/orks and
In Percentage Foundation Construction Cost

Earth Dams 0,89- 3,30 1,14-5,20

Filling 0,12-0,19 0,16- 0,20

Dock 0,23- 0,50 0,41- 1,67

Bridges 0,12- 0,50 0,26- 1,30

Buildings 0,05- 0,22 0,50- 2,00

Roads 0,20- 1,55 1,60- 5,67

Railways 0,60- 2,00 35

Overall Average 0,70 15
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3.2. Standard penetration test

SPT is the most widely used field test all over the world. In the 19th century in the
USA, boreholes were drilled with water and the soil type was defined from the soil
grains in the borehole mud coming out of the well. Later, in 1902, Colonel Charles R.
Gow developed a 1-inch (approximately 2.5 cm) diameter open sampler driven by a
110 Ib (approximately 50 kg) ram to identify the soil type (Fletcher, 1965). Over time,
different types of this sampler have been developed in the USA. SPT, Raymond Pile
Co. in the USA. In the 1920s, it was used to have an idea about soil strength and to

take a sample that allows the soil to be defined realistically (Douglas, 1983).

Terzaghi stated that in addition to the soil type, information about the firmness and
consistency of the soil can also be obtained from the SPT. This proposed sampling
method is very similar to the current SPT standard. Terzaghi and Peck (1948)
suggested many design charts and correlations in the light of the data obtained from
the SPT. After this date, the use of SPT has increased rapidly all over the world,
starting from the USA and England (Erol and Cekinmez, 2014).

3.2.1. SPT method

SPT is a field test known as a dynamic penetration test, which also gives information
about the firmness and consistency of the soil. SPT is applied by dynamically dropping
a 63.5 kg rammer from a height of 76 cm and moving a standard sampler 45 cm into
the soil. The total number of blows corresponding to the last 30 cm advance of the
sample spoon into the soil is defined as the penetration resistance of the soil (SPT-N).
This test can be applied in various soil types, from soft clays and loose sands to very

hard clays and compact sands (Sivrikaya and Togrol, 2010).

The approximate firmness of the soil, loss of bearing capacity and safety stress can be
calculated by using the N impact numbers found in the SPT test made from the
boreholes (Terzaghi and Peck, 1948).

The well is cleaned up to the level where the test will be performed and care is taken
not to leave any disturbed part at the test level. The tube is lowered to the bottom of
the well and driven 15 cm into the soil. The impact numbers (N) obtained from the 15

cm ramming of the tube are not taken into account. The aim here is to pass the
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disturbed soil part at the bottom of the well. After the first 15 cm of progress, the tube
IS hammered again so that it enters the soil another 30 cm and the total number of
blows for 30 cm of ramming is recorded. The recorded number of blows (N) is taken
into account as the result of the experiment. If the number of blows obtained before
the tube reaches a penetration of 30 cm is 50, no more pulses can be applied. The tube
is pulled up and the disturbed sample in the tube is placed in a jar or bag and sent to
the soil mechanics laboratory for soil identification and index experiments. The test is
applied at intervals varying between 1.75 m and 1.5 m throughout the borehole.
According to the practice in Turkey, the test is done every 1.5 m. If the soil is gravelly,
the shoe at the end of the tube is removed and the conical tip with 60 beveled edges is

attached (Aydin, 2010).

63.5 kg drop
% hammer

repeatly

Failling

\76.2 cm t =

Anvil

: Standard Penetration Test
‘ SPT Per ASTM D 1586

Bore

Hole Na
Drill Rod

Split Spoon
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E
=3
)
a
E
=3
w
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=3
w
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N=30 cm
of Blows Settling

Figure 3.2 Steps of standard penetration test (FHWA, 2002)

3.3. Bearing capacity calculations

It must be able to transfer various loads from the structures to the soil safely. For this,
it is extremely important that the foundations have sufficient security against collapse
(bearing strength). Otherwise, there may be dangers of collapse of the foundation and
consequent total or partial damage to the superstructure. In order to realize reliable and

economical projects against these destructive effects, it is necessary to examine the
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properties of the soil on which the structures will sit, and the soil strength data revealed
should reflect the truth (Tonyal1, 2011).

Bearing capacity is used to mean the maximum base pressure that the foundation can
carry without collapse. The bearing capacity of the foundations varies according to the
unit volume weight of the soil, shear strength and deformation properties, the tension
of the soil in the field, hydraulic conditions, geometric properties such as the depth,
size, base shape and roughness of the foundation, the load values applied to the
foundation and the construction methods (Kumbasar and Kip, 1999).

3.3.1. Terzaghi and Peck (1967) method

Terzaghi and Peck (1967) developed safe bearing capacity relations for situations
where settlements that may occur in foundations do not exceed 25 millimeters. These
relations were obtained as a result of experimental studies, and the relationship
between the safe bearing capacity ge, foundation width, B and SPT-N values are given

in Figure 3.3.

The safe bearing capacity calculations of Terzaghi and Peck do not include issues such
as depth and foundation length. In addition, it can be said that it is on the safe side,
since it is one of the first studies on this subject and the analyzes are revealed with the

help of experimental observations (McCarthy, 2007).
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Figure 3.3 Change of allowable bearing capacity according to foundation width and
SPT (Tonyali, 2011)

3.3.2. Meyerhof (1974) method

Meyerhof developed bearing capacity formulas based on SPT-N values. Similar to the

work done by Terzaghi and Peck, Meyerhof also limits the settlement at to 25

millimeters. Accordingly, the bearing capacity is calculated by using the following

formulas (Bowles, 1996). The foundation width was chosen as 3 m. Accordingly, the

safe bearing capacity is calculated using the following formulas.

ge=12* N * Kd

ge=8* N * (B + 0,3505) / B)?
Ke=1+0,33*D/B <133

Here; abbreviations are used as:

(e : Bearing capacity (KN/m?)
N : SPT blow number

D : Foundation depth (m)
B : Foundation width (m)
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In addition, Meyerhof gives the safe bearing capacity formula for raft foundations as
follows, taking into account the depth of the affected area and the increased settlement

amounts under raft foundations with a large width (Bowles, 1996).

Qe =12,5* N * Ky (3.4)

3.4. Compression wave velocity (Vp)

These types of waves are known as compression or initial expansion. During the
propagation of these waves, there is a cubic expansion or volume change. The direction
of vibration, which represents compression and expansion in longitudinal waves, is the
same as the direction of wave propagation (Caylak, 2002, Tatham, 1982, Klimentos,
1991).

In wave propagation, there is a change in shape along with the change in volume.
However, during this shape change, the angles do not change, so a cube-shaped
element turns into a rectangular prism. Since P waves are the fastest waves in a
medium, they are recorded first in earthquake records (Caylak, 2002, Tatham, 1982,
Klimentos, 1991).

Velocity of the P wave;

A+2p E(l-o0)
Vp= [ =
P \/ P \/p(1+y)(1—2y) (3.5)

O = Poisson Ratio
M = Rigidity (Slip Modulus)
P = Density Modulus (Elasticity)

In the above formula, the velocity of the P wave carries a certain value even when the
rigidity of the object is zero and the resistance to deformation ceases. This means that
P waves can also pass through liquid and gaseous non-rigid materials (Caylak, 2002,
Tatham, 1982, Klimentos, 1991).

22



L RN REN _NER - BER "RERR
L BEE RN NER NER RER

el e

Figure 3.5 P wave global propagation Figure 3.4 P wave emission
(Caylak, 2002, Tatham, 1982, (Caylak, 2002, Tatham, 1982,
Klimentos, 1991). Klimentos, 1991).

3.5. Shear wave velocity (Vs)

During the propagation of Transverse Waves, deformations of the elements, that is,
changes in angles, are observed. This is because; is that the direction of vibration of
the particles between wave propagation is perpendicular to the direction of wave
propagation. These waves are called S waves (Caylak, 2002, Tatham, 1982,
Klimentos, 1991).

In the propagation of S waves, the transverse particle oscillation is called SH if the
particle oscillation is on the horizontal plane, and SV if the particle motions remain on

the vertical plane. The velocity Vs of the S wave is calculated by the following formula
(Caylak, 2002, Tatham, 1982, Klimentos, 1991).

ve= f \2p+1) 2p(1+m (36

The speed of S waves depends on the rigidity and density of the object they pass
through. For this reason, S waves do not occur in liquid materials that do not have
rigidity (Caylak, 2002, Tatham, 1982, Klimentos, 1991).
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The ratio of P and S waves is calculated with the following formula.

Vp _ |2(1-p)
Vs \ 1-2u (36)

If the value of Poisson's ratio, which is usually %4, is substituted in the above equation,
the ratio Vp/Vs gets its value. This means that the P wave is 1.7 times faster than the
S wave in solid objects. The velocity values of P and S waves in various formations
are presented in Table 3.2 (Caylak, 2002, Tatham, 1982, Klimentos, 1991).

Table 3.2 P and S Wave Velocities in Some Rocks (Clark, 1966)

Formation P wawe speed (m/sec) S wave speed (m/sec)
Granite 5680 2950
Granodiorite 4780 3100
Diorite 578 3060
Gabbro 6450 3420
Basalt 8000 3200
Dunite 1400-4300 4080
Sandstone 2400 -
Conglomerate 1700-4200 -
Limestone 1700-4200 2955
Clay 1100-2500 -
Loose Sand 1800 500

Information on the stiffness of soils can be learned from the shear wave velocity. It is
used to determine the behavior of the soils. It can be determined in the field or by
calculation. Vs3o is used in earthquake hazard analyzes and some soil classifications
(Karabas, 2019).
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Soil shear wave velocity value is required in order to determine the soil dominant
period, frequency and soil amplification coefficient, which are necessary to determine
the dynamic behavior of the soil. The shear wave velocity value of the soil can be
determined by seismic methods performed in the field. Most of these methods are labor

and time-consuming, and also uneconomical (Akdeniz, 2012).

The differences in local soil properties cause damage to the soil caused by soil
problems such as amplification, loss of bearing capacity, liquefaction and settlement
during the earthquake. The parameter leading to the determination of whether there is
a growth problem in the soil is the shear wave velocity value of the soil (Akdeniz,
2012).

3.5.1. Measuring shear wave and compression wave velocity in the field

In line with the tests carried out in the field, the surface fracture method is used and it
is used to determine the information of the study area soil. In this method, the
propagation of waves coming from the interfaces and the waves arriving directly are
recorded. The energy source is created by using a hammer with a mass of 8 kg. S wave
energy and recordings are created by striking the plate placed at a depth of
approximately 30 to 40 cm. Geophones are used to create these records. Signal
cumulative seismographs are used to accurately record the value of the S wave

velocity. In this way, the shear wave velocity is calculated (Karabas, 2019).

Wave source

Geop hones
30m 40m SOm 60m 70m 80m 90m 100m 110m
_— — _— _— b _— . — .
I I 1 1 .i T I
wave propagating
in the soil Upper Layer
(slow)
i Reflected wave with
Critical wave piei
>
— 2
Refracted wave moving
along the interfare L“‘:;"f?"

Figure 3.8 Movement of waves in the soil due to seismic method (Tonyal1, 2011)
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3.6. Soil classification according to NEHRP

According to NEHRP, it is aimed to increase the strength of structures that are
important during or after the shaking in the USA at the desired level. According to
NEHRP, the soil class is determined in accordance with Vs3o. The soil classes are given
in Table 3.3. (Good, 2009).

Table 3.3 Soil classification criterias according to NEHRP (Giizel,2009).

Soil Description Properties
A Hard rock Vs>1500
B Rock 760 < Vs <1500
C Very dense soil/ soft rock 360 < Vs <760
D Stiff soil 180 < Vs < 360
E Soft soil Vs<180

3.7. Earthquake hazard by soil amplification

The soil amplification value represents the rise in amplitude of seismic emissions when
they pass through soil soils closed to the surface. This is due to the low density on the
ground soils. During shaking, shaking waves become very large on loose soil. It is
known that it causes great damage to the soil layers during an earthquake (Kurnaz,

2011). The formulation for soil growth is presented below.

Table 3.4 Soil amplification relationships with shear wave velocity (Vs3o)
(Midorikawa, 1987)

Researcher Relation
A=68V; 06 (V1<1100 m/sec)
A=1 (V1>1100 m/sec)

Midorikawa (1987)

A : Relative amplification coefficient

V1 : Shear wave velocity for depth of 30 meters

By using the relation developed by the researcher in Table 3.5, the soil amplification
values for the study area can be calculated by means of the average shear wave velocity
data of 30 m from the surface.

According to the detected soil type, earthquake hazard levels are respectively; C (low
danger) is dominant for values between 0.0-2.0, B (moderate danger) for values
between 2.0-4.0, A (high danger) for values between 4.0-6.5 (Kurnaz, 2011).
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3.8. The water content study area

In the event of an earthquake, very fast and short spreads occur on the soil. When the
underground water is less distant from the soil surface, it eliminates the contact forces
that keep the soil grains together during an earthquake. Thus, it reduces the soil
strength. The soil behaves like a liquid instead of a solid in such situations. Therefore,
groundwater directly affects the design of engineering constructions and the

mechanical properties of soils (Karabas, 2019).

The groundwater level is determined by measurements to be made after the static water
level is obtained (following at least 3 consecutive days) so that the well is emptied
from the boreholes equipped with perforated pipes of sufficient rigidity, in case of
using borehole fluid, and the level that can represent the environment can be formed.
If groundwater is encountered in the study area and the water level is close to the
foundation level, water samples are taken and laboratory tests (sulphate content, pH,
etc.) are carried out in order to determine the harmful effects of groundwater on

concrete and other productions (IMO, 2016).

3.9. Sail classification according to EUROCODE 8

EUROCODE 8 is the European Regulations for buildings. "EUROCODE 8 is the
design of earthquake resistant structures". It expresses how the constructions at
dangerous points against earthquakes will be made and planned. It was approved by
the European Standards Committee (Halag, 2016).

Its purpose is to ensure that human life is safe and to reduce the possible damage that
may occur during an earthquake. Buildings, bridges, etc., which are valuable within
the scope of civil defense there is a need for safe use of the constructions even after
the earthquake. According to EUROCODE 8, the soil class is determined by Vsso. The
table of the soil classes in question is given in Table 3.5.

Table 3.5 Soil classification criterias according to EUROCODE 8 (Karabas, 2019)

Soil Description Properties
A Rock or other rock-like geological formation Vs > 800
B Very dense sand or gravel or very stiff clay 360 < Vs < 800
C Dense sand or gravel or stiff clay 180 < Vs < 360
D Loose to medium cohesmnlg(s)?lson or soft to firm cohesive Vs < 180
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3.10. Atterberg limits analysis

The consistency of the soil is the most basic feature that determines the adhesion
strength between the particles, the shear resistance and stability against the load, the
hardness that changes with water, and the stiffness it will have in which water content.
As the water content of the soil increases, it shows a different consistency from solid
to liquid. In addition, while different soils show different consistency in the same water
content, they need different water to go from solid to liquid state. For this reason, it is
important to determine the water content and consistency of the soil and to know the
water content, especially in plastic and liquid consistencies. Cohesive soils show large
volumetric changes as the water content changes, and most importantly, as the water
content increases, their resistance to load decreases and they show great deformation.
As shown in Figure 3.10, defined by Atterberg, a change in volume is observed

according to the consistency (Oztiirk, 2012).

Volume
Change

Solid H.Solid Plastic Liquid

-

Ws Wp WL Water Content. w (%)

Figure 3.9 Soil consistency limits and volume change (Oztiirk, 2012)

Liquid limit (wv): It is the water content of the soil when its consistency changes from
plastic to viscous liquid with increasing water content, and it indicates the consistency

where the bearing capacity is practically the least or not (Oztiirk, 2012).

Plastic limit (we): It is the water content in which the soil changes from semi-solid
state to plastic consistency with increasing water content. If the soil is subjected to a
load of this consistency, its value is the water content, which indicates the plasticity
limit, since it shows permanent deformation rather than temporary deformation
(Oztiirk, 2012).
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Shrinkage limit (ws): As the water content of the soil changes, the volume change is
linear in a certain range and curvilinear in a certain range. The point where the tangent
drawn from the point where it passes from curvature to linearity and the tangent drawn
from the point where the volume does not change, that is, the tangent drawn from the
point where the volume remains constant, intersects, gives the shrinkage limit, or in

other words, the limit where the volume change ends (Oztiirk, 2012).

Plasticity index (lp= wcL-wp): It represents the range where the soil is in plastic
consistency, it determines the volume change and cohesion properties of the soil.
Because when the water content of the soil increases more than a certain amount, the
cohesion decreases. The reason for this decrease is due to the fact that the water around
the clay grains tries to slide on each other by creating a kind of lubrication. As it is
known, as the diameter of the grain decreases, the surface area increases, thus creating
a gravitational force, causing the water film around it to thicken, thus increasing the
volume of the grains by pushing each other (Oztiirk, 2012).

3.11. Unified soil classification system

Classification of soils can be thought of as a common language used among engineers.
A few letters or numbers that can be assigned to a soil provide the engineer or
technician with a very quick idea of the possible physical properties of the soil, even
its mechanical behavior. It is the most common soil classification system in use today.
The following criteria are used in classification with this system (Kurnaz, 2011).

a- Percentage passing through No.200 sieve

b- Percentage of coarse grains remaining on the No. 4 sieve

c- Grain distribution characteristics; Cu and Cr values

d- Consistency limits

e- The place on the plasticity card of those passing through the No. 40 sieve

f- Organic matter content

Using these criteria, the soil is divided into four main classes as coarse-grained, fine-
grained, organic soil and peat, and the sample is given two or four letter symbols (GW,
SM, GW-GM, etc.). In the combined system, the soils are listed according to their

grain size (D) as follows;

Block >300 mm, Stone 75<D<300 mm, Gravel 75<D<4.76 mm (No.4),
Annual 4.76<D<0.076 mm (No0.200), Examines <0.076 mm
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CHAPTER 4
RESULTS AND DISCUSSION

4.1. SPT-N maps

One of the most used tests in the field is the SPT. The geotechnical data used in this

thesis were obtained from 125 boreholes within the study area.

The maps in this thesis were prepared with the help of the IDW method and using the
ArcGIS program for the depths of 1.5 m, 3 m, 4.5 m, 7.5 m, 9 mand 15 m in order to
determine the distribution of SPT values and the change of the soil profile to a depth
of 15 m.

It has been determined that 43% of the SPT-N data of the boreholes at a depth of 1.5
m in the entire study area are between 1-20, 18% between 21-30 and 39% between 31-

50. The map which is created according to this evaluation is presented in Figure 4.1.

1.5 m depth analysis of the study area;

e The SPT-N values of Firat University, Giimiisbaglar and Alayaprak Villages
which are in the northeastern part and Asagi Demirtas Village which is in the
southwestern part are less than 20,

e The SPT-N values of Orencay village which is located in the southwest part,
Yemislik and Giimiiskavak Villages which are located in the southeast part, and
Nurali village which is in the northeast part are between 21-30,

e It has been observed that the SPT-N value of the study area between Nurali and
Sarigubuk Village which are in the northeast part, Catalgesme which is located in
the east part, the area around TED College which is in the south part, and the area
around Banvit AS and Firat University Communication Faculty which are in the

southwest are between 31-50.
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Figure 4.1 SPT-N map of the study area according to 1.5 m depth

It has been determined that 27% of the SPT-N data of the boreholes at a depth of 3 m
in the entire study area are between 1-20, 18% between 21-30 and 55% between 31-

50. The map which is created according to this evaluation is presented in Figure 4.2.

3 m depth analysis of the study area;

e The SPT-N values of Firat University and Catalgesme which are in the east part
and Asagi Demirtag Village which is in the southwestern part are less than 20,

e The SPT-N values of Giimiisbaglar Village and Alayaprak Village which are in
the northeast part, Giimiiskavak in the southeast and Orengay Village which are
in the southwest part are between 21-30.

e |thas been observed that the SPT-N value of the study area between Nural1 Village
and Sarigubuk Village which are in the northeast part, Catalgesme which is in the
east section part, the area around TED College, the Prison in the south and
Yemislik Village in the southeast, and the local area around Banvit AS and Firat

Universty Communication Faculty which are in the southwest are between 31-50.
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Figure 4.2 SPT-N map of the study area according to 3 m depth

It has been determined that 14% of the SPT-N data of the boreholes at a depth of 4.5
m in the entire study area are between 1-20, 26% between 21-30 and 60% between 31-

50. The map which is created according to this evaluation is presented in Figure 4.3.

4.5 m depth analysis of the study area;

e The SPT-N values of Asagi Demirtas Village located which is in the Southwest
part and of the local area between Firat University and Catalgesme which are in
the eastern part are less than 20,

e The SPT-N values of the local area between Giimiigbaglar Village and Alayaprak
Village which are in the northeast part, the local area between Giimiiskavak and
Catalcesme which are in the southeast part, and the local area around Orencay
Village which is in the southwest part are between 21-30,

e It has been observed that the SPT-N value of the study area around Nurali,
Sarigubuk and Alayaprak Villages which are in the northeast part, around Firat
University which is in the east part, around TED College and Prison which are in

the south part, between Yemislik Village and Giimiiskavak which are in the
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southeast part and Banvit AS of the area in the Firat University Communication

Faculty area which are in the southwest are between 31-50.
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Figure 4.3 SPT-N map of the study area according to 4.5 m depth

It has been determined that 2% of the SPT-N data of the boreholes at a depth of 7.5 m
in the entire study area are between 1-20, 10% between 21-30 and 88% between 31-
50. The map which is created according to this evaluation is presented in Figure 4.4.

7.5 m depth analysis of the study area;

e The SPT-N values of the local area between Alayaprak Village, Firat University
and Catalgesme which are in the eastern part are less than 20,

e The SPT-N values of the local area Giimiigbaglar Village which is in the northeast
part, the local area between the Firat University and Catalgesme which are in the
east part, and the local area between Orencay and Asagi Demirtas Village which
are in the southwest part are between 21-30,

e It has been observed that the SPT-N value of the study area between Nurali,
Sarigubuk and Alayaprak Villages which are in the northeast part, around Firat
University which is in the east part, TED College and Prison which are in the

south part, Sugézii and Catalgesme which are in the northeast part, Yemislik
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Village, Giimiiskavak and Catalgesme which are in the southeast part, Banvit AS
and Firat University Communication Faculty which are in the southwest are
between 31-50.
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Figure 4.4 SPT-N map of the study area according to 7.5 m depth

It has been determined that 1% of the SPT-N data of the boreholes at a depth of 9 m
in the entire study area are between 1-20, 4% between 21-30 and 95% between 31-50.
The map which is created according to this evaluation is presented in Figure 4.5.

9 m depth analysis of the study area;

e The SPT-N values of the local area between Alayaprak Village, Firat University
and Catalgesme which are in the northeast part, the local area of Asag1 Demirtas
Village which is in the southwest part and the local area around Yemislik Village
which is in the southeast part are less than 20,

e The SPT-N values of the local area around Giimiisbaglar Village which is in the
northeastern part is between 21-30,

e It has been observed that the SPT-N value of the study area between Nurali,
Sarigubuk and Alayaprak Villages which are in the northeast part, around Firat

University which is in the east part, TED College and Prison which are in the

34



South part, Sugdzii and Catalgesme which are in the northeast part, Yemislik
Village, Giimiiskavak and Catalgesme which are in the southeast part. Banvit AS,
Orengay Village and the Firat University Communication Faculty which are in the

southwest are between 31-50.
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Figure 4.5 SPT-N map of the study area according to 9 m depth

It has been determined that 0% of the SPT-N data of the boreholes at a depth of 15 m
in the entire study area are between 1-20, 0% between 21-30 and 100% between 31-
50. The map which is created according to this evaluation is presented in Figure 4.6.
It was observed that the SPT-N value of the study area was between 31-50 for a depth
of 15 m.
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Figure 4.6 SPT-N map of the study area according to 15 m depth

Within the scope of the study, the calculated percentage comparison graph of the
distribution of the SPT-N values found for 1.5, 3, 4.5, 7.5, 9 and 15 m for 125
boreholes, 1-20, 21-30, 31-50 values is presented in Figure 4.7. It is seen that the SPT-
N value of 1-20 at 1.5 m depth is dominant, while the SPT-N value between 31-50 is
dominant at other depths. Comparison of SPT-N values is important for evaluation of

bearing capacity and liquefaction analysis as SPT-N is dependent on impact numbers.
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Figure 4.7 Boreholes according to their SPT-N values and boring depths
4.2. Bearing capacity analysis

The data obtained from 210 borehole points in the study area and the bearing capacities
obtained by using Field Tests were examined and compared. Terzaghi and Peck
Method and Meyerhof Method were discussed in field tests and bearing capacity
calculation methods.

Comparative calculations were made for 210 borehole points in the study area, based
on the values obtained from the surface up to a depth of 15 m, and based on a base
width of 3 m.

The maps in this thesis were prepared with the help of the IDW method and using the
ArcGIS program for the depths of 1.5 m, 3 m, 4.5m, 7.5 m, 9 m and 15 m in order to
determine the distribution of bearing capacity values and the change of the soil profile
to a depth of 15 m. While creating the maps, they were produced in 10 m grid size with

the IDW method using the ArcGIS program.

The bearing capacity map for 1.5 m depth prepared by Meyerhof Method is presented
in Figure 4.8, the bearing capacity map prepared by Terzaghi and Peck Method is
presented in Figure 4.9 and the comparison table is presented in Figure 4.10. Values
were found between 69-488 kN/m? in Terzaghi and Peck Method and up to 79-566
kN/m? in Meyerhof Method.
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It has been determined that the bearing capacity of the local area located in the
northwest of Giimiigsbaglar, Alayaprak Village, Sugozii District, which is located in
the Northwest part of the study area, and Giimiiskavak District, which is located in the
Southeast section, and the local region, which is located in the Northwest part of the

study area, is the lowest area of the study area according to both methods.

Values between 0-280 kN/m? according to Peck Method and 0-310 kN/m? according
to Meyerhof Method were determined. Values between 280-488 kN/m? according to
Terzaghi and Peck Method and 310-566 kN/m? according to Meyerhof Method have
been determined locally in Banvit AS., TED College, Prison and Catalgesme region.

The bearing capacities between 7 and 50 SPT-N values were compared. When the
bearing capacity of the two methods at the smallest SPT-N value (calculated according
to 7 SPT-N values) is compared, the Terzaghi and Peck Method is 14.4% smaller than
the Meyerhof Method at the time, and the largest SPT-N value (according to 50 SPT-
N value) When the bearing capacity (calculated) is compared, it is observed that the
Terzaghi and Peck Method is 16% smaller than the Meyerhof Method. As the SPT-N

values increased, the bearing forces also increased in direct proportion.
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Figure 4.8 Bearing capacity map according to Meyerhof method at 1.5 m depth
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Figure 4.10 Bearing capacity map according to Terzaghi and Peck method at 1.5 m
depth
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Figure 4.9 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 1.5 m depth

3 m depth of the study area, the bearing capacity map prepared by the Meyerhof
Method is presented in Figure 4.11, the bearing capacity map prepared by the Terzaghi
and Peck Method is presented in Figure 4.12 and the comparison chart is presented in
Figure 4.13.
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Values were found between 88-488 kN/m? in Terzaghi and Peck Method and up to
116-646 kN/m? in Meyerhof Method.

It has been determined that the bearing capacity of the local part located between Firat
University and Catalgesme located in the east of the study area and the local region
located in the northwest of Asagi Demirtas Village is the lowest area of the study area
according to both methods. It was determined between 0-280 kN/m? according to the
Terzaghi and Peck Method and between 0-310 kN/m? according to the Meyerhof
Method.

The bearing capacity in Sarigubuk, Nurali and Yemislik Villages and the parts to the
north of the Firat University Communication Faculty, Prison which are in the were
generally between 280-488 kN/m? according to the Terzaghi and Peck Method and
310-566 kN/m? according to the Meyerhof Method.

The bearing capacities between 9 and 50 SPT-N values were compared. When the
bearing capacity of the two methods at the smallest SPT-N value (calculated according
to 9 SPT-N values) is compared, the Terzaghi and Peck Method is 31.8% smaller than
the Meyerhof Method, and the largest SPT-N value (based on 50 SPT-N values) When
the bearing capacity (calculated) is compared, it is observed that Terzaghi and Peck
Method is 32.4% smaller than the Meyerhof Method. As the SPT-N values increased,
the bearing forces also increased in direct proportion.
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Figure 4.11 Bearing capacity map according to Meyerhof method at 3 m depth
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Figure 4.12 Bearing capacity map according to Terzaghi and Peck method at 3 m
depth
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Figure 4.13 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 3 m depth
4.5 m depth of the study area, the bearing capacity map prepared by Meyerhof Method
is presented in Figure 4.14, the bearing capacity map prepared by Terzaghi and Peck
Method is presented in Figure 4.15 and the comparison chart is presented in Figure
4.16.
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Values were found between 98-488 kN/m? in the Terzaghi and Peck Method and up to
145-646 kN/m? in the Meyerhof Method.

It has been determined that the bearing capacity of the region located in the east of the
study area, around the Alayaprak Village of Firat University, and in the northwest of
the Asagi Demirtas Village, is the lowest area of the study area according to both
methods. Values between 0-280 kN/m? according to Terzaghi and Peck Method and
0-310 kN/m? according to Meyerhof Method were determined.

Part of Catalgesme, Glimiiskavak and Yemislik Village, Prison, Banvit AS. and in the
parts to the west of Sarigubuk and Nurali Village, values between 280-488 kN/m?
according to Terzaghi and Peck Method and 310-646 kN/m? according to Meyerhof
Method were determined.

The bearing capacities between 10 and 50 SPT-N values were compared. When the
bearing capacity of the two methods at the smallest SPT-N value (calculated according
to the 10 SPT-N value) is compared, the Terzaghi and Peck Method is 47.9% smaller
than the Meyerhof Method, and the largest SPT-N value (according to the 50 SPT-N
value) When the bearing capacity (calculated) is compared, it was observed that the
Terzaghi and Peck Method is 32.4% smaller than the Meyerhof Method.
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Figure 4.14 Bearing capacity map according to Meyerhof method at 4.5 m depth
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Figure 4.15 Bearing capacity map according to Terzaghi and Peck method at 4.5 m
depth
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Figure 4.16 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 4.5 m depth
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4.5 m depth of the study area, the bearing capacity map prepared by the Meyerhof
Method is presented in Figure 4.17, the bearing capacity map prepared by the Terzaghi
and Peck Method is presented in Figure 4.18 and the comparison chart is presented in
Figure 4.19. Values were found between 166-488 kN/m? in the Terzaghi and Peck
Method and up to 220-646 kN/m? in the Meyerhof Method.

It has been determined that the bearing capacity of the region around Alayaprak
Village of Firat University, located in the east of the study area, is the lowest area of
the study area according to both methods. Values between 0-280 kN/m? according to
Terzaghi and Peck Method and 0-310 kN/m? according to Meyerhof Method were

determined.

Orengay and Asagidemirtas Village in the southwest, FU Communication Faculty,
Catalgesme in the east, Giimiiskavak and Yemislik Village in the southeast, Prison,
Banvit AS. and in the parts to the west of Sarigubuk and Nurali Village, values between
280-488 kN/m? according to Terzaghi and Peck Method and 310-646 kN/m? according

to Meyerhof Method were determined.

The bearing capacities between 17 and 50 SPT-N values were compared. When the
bearing capacity of the two methods at the smallest SPT-N value (calculated according
to the 17 SPT-N value) is compared, the Terzaghi and Peck Method is 32.6% smaller
than the Meyerhof Method, and the largest SPT-N value (according to the 50 SPT-N
value) When the bearing capacity (calculated) is compared, it is observed that Terzaghi
and Peck Method is 32.4% smaller than the Meyerhof Method.
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Figure 4.17 Bearing capacity map according to Meyerhof method at 7.5 m depth
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Figure 4.18 Bearing capacity map according to Terzaghi and Peck method at 7.5 m
depth
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Figure 4.18 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 7.5 m depth

9 m depth of the study area, the bearing capacity map prepared by the Meyerhof
Method is presented in Figure 4.20, the bearing capacity map prepared by the Terzaghi
and Peck Method is presented in Figure 4.21 and the comparison chart is presented in
Figure 4.22.
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Values were found between 195-488 kN/m? in Terzaghi and Peck Method and up to
258-646 kN/m? in Meyerhof Method.

It has been determined that the carrying capacity of the region around Alayaprak
Village of Firat University, located in the east of the study area, is the lowest area of
the study area according to both methods. Values between 0-280 kN/m? according to
Terzaghi and Peck Method and 0-310 kN/m? according to Meyerhof Method were

determined.

Orengay and Asagidemirtas Village in the Southwest, FU Communication Faculty,
Catalgesme in the east, Giimiiskavak and Yemislik Village in the southeast, Prison,
Banvit AS. and in the parts to the west of Sarigubuk and Nural1 Village, values between
280-488 kN/m? according to Terzaghi and Peck Method and 310-646 kN/m? according

to Meyerhof Method were determined.

The bearing capacities between 20 and 50 SPT-N values were compared. When the
bearing capacity of the two methods at the smallest SPT-N value (calculated according
to the 20 SPT-N value) is compared, the Terzaghi and Peck Method is 32.3% smaller
than the Meyerhof Method, and the largest SPT-N value (according to the 50 SPT-N
value) When the bearing capacity (calculated) is compared, it was observed that the
Terzaghi and Peck Method is 32.4% smaller than the Meyerhof Method.
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Figure 4.19 Bearing capacity map according to Meyerhof method at 9 m depth
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Figure 4.20 Bearing capacity map according to Terzaghi and Peck method at 9 m
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Figure 4.21 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 9 m depth
9 m depth of the study are, the bearing capacity map prepared by Meyerhof Method is
presented in Figure 4.23, the bearing capacity map prepared by Terzaghi and Peck
Method is presented in Figure 4.24 and the comparison chart is presented in Figure
4.25.

47




Values were found between 410-488 kN/m? in Terzaghi and Peck Method and up to
542-646 KN/m? in Meyerhof Method.

In the study area, the values between 280-488 kN/m? according to Terzaghi and Peck
Method and between 310-646 kN/m? according to Meyerhof Method were determined.

The bearing capacities between 42 and 50 SPT-N values were compared. When the
bearing capacity of the two methods at the smallest SPT-N value (calculated according
to the 42 SPT-N value) is compared, the Terzaghi and Peck Method is 32.2% smaller
than the Meyerhof Method, and the largest SPT-N value (according to the 50 SPT-N
value) When the bearing capacity (calculated) is compared, it is observed that Terzaghi
and Peck Method is 32.4% smaller than the Meyerhof Method.
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Figure 4.22 Bearing capacity map according to Meyerhof method at 15 m depth
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Figure 4.23 Bearing capacity map according to Terzaghi and Peck method at 15 m
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Figure 4.24 Bearing capacity versus SPT-N values according to Meyerhof and
Terzaghi and Peck at 15 m depth

Starting from 1.5 m from the study forehead, 3 m, 4.5 m, 7.5 m, 9 m and 15 m depths,
SPT-N value and calculations made according to the data, there is a harmony in the
maps prepared with the Terzaghi and Peck and Meyerhof methods and the calculated

values are close seen.
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As can be seen from the comparison charts, it was observed that the ratio between the
smallest SPT-N values in both methods increased up to 4.5 m depth, and decreased at
7.5 m, 9 m, and 15 m depths. However, it was observed that the Terzaghi and Peck
bearing capacity values were smaller than the Meyerhof results because the SPT-N

values increased as the impact value and depth increased.

4.3. Water level and water content analysis

The values obtained from 125 borehole points from 210 points in the study area were
used to determine the Groundwater Level and Water Content. In the study area, a map
was created by researching in order to see the water content from the surface to a depth
of 20 m and its change with depth. It has been determined that the groundwater level

starts from 10 m. The map prepared in this context is presented in Figure 4.26.

It has been determined that it is located in the local area between Giimiiskavak,
Catalgesme Firat University which are in the study area part. It has been evaluated that

the study area is not rich in terms of groundwater.
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Figure 4.25 Ground water level

0-10, 52% is between 11-20, and 17% is between 21-30. It has been determined that
5% is between 31-44. The map which is created according to this evaluation is

presented in Figure 4.27.
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The water content around Nurali, Giimiisbaglar, Alayaprak Village, Firat University
and Orencay Village, FU Communication Faculty Banvit AS, located in the northeast
and southwest parts of the study area, is between 0-10% and 11-20%, and the water
content around Sarigubuk, Yemislik Village, Giimiiskavak Prison. It was observed that

it was between 21-30% and 31-44%, and the maximum water content was 33%.
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Figure 4.26 Water content (1.5 m)

In determining the water content as a percentage (%), in the data obtained from 79
borehole points for 3 m throughout the study area, between 0-10 of 17%, 11-20 of
33%, 21-30 of 25% of the study area. It has been determined that 25% is between 31-
44. The map which is created according to this evaluation is presented in Figure 4.28.

It has been determined that 0-10% and 11-20% water content is dominant around
Catalgesme, TED College, Sarigubuk, Nurali Village and the Prison. It has been
determined that the water content in other local areas, mainly around Orencay Village
in the southwestern part, is between 21-30% and 31-44%. It was observed that the

maximum water content was 43%.
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Figure 4.27 Water content (3 m)

In determining the water content as a percentage (%), in the data obtained from 26
borehole points for 4.5 m throughout the study area, 30% of the study area is between
0-10, 46% between 11-20, 12% between 21-30 and 12% were found to be between 31-
44. The map which is created according to this evaluation is presented in Figure 4.29.

It has been determined that the water content is 21-30% and 31-44% in the vicinity of
Sug6zili in the northeast of the study area, Yemislik Village in the southeast and
Orencay Village in the southwest. In the remaining other regions, it was determined
that the water content was included in the grouping between 0-10% and 11-20%. It

was observed that the maximum water content was 43%.
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Figure 4.28 Water content (4.5 m)

In determining the water content as a percentage (%), in the data obtained from 47
borehole points for 7.5 m throughout the study area, 26% of the study area is between
0-10, 42% between 11-20, 23% between 21-30., 9% was found to be between 31-44.

The map which is created according to this evaluation is presented in Figure 4.30.

In the area between Catalcesme and Firat University in the east of the study area,
around Yemislik Village in the southeast and Orencay Village in the southwest, the
water content was determined to be 21-30% and 31-44%. In the remaining other
regions, it was determined that the water content was included in the grouping between
0-10% and 11-20%. It was observed that the maximum water content was 43%.
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Figure 4.29 Water content (7.5 m)

In determining the water content as a percentage (%), in the data obtained from 33
borehole points for 9 m throughout the study area, 27% of the study area is between
0-10, 46% between 11-20, and 21% between 21-30. It has been determined that 6% is
between 31-44. The map which is created according to this evaluation is presented in
Figure 4.31.

It has been determined that the water content is 0-10% and 11-20% in the region
between Catalcesme and Firat University, located in the east of the study area, around
TED College, Prison in the middle part and Orengay Village in the southwestern part.
In the remaining regions, it was determined that the water content was between 21-

30% and 31-44%. It was observed that the maximum water content was 43%.
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Figure 4.30 Water content (9 m)

In determining the water content as a percentage (%), in the data obtained from 33
borehole points for 15 m throughout the study area, 21% of the study area is between
0-10, 64% between 11-20, and 9% between 21-30. It has been determined that 6% is
between 31-44. The map which is created according to this evaluation is presented in
Figure 4.32.

It was determined that around Catalcesme and Sug6zii located in the northeast of the
study area and Yemislik Village in the southeast region, the water content is 21-30%
and 31-44%. In the remaining regions, it was determined that the water content was
included in the grouping between 0-10% and 11-20%. It was observed that the

maximum water content was 43%.
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Figure 4.31 Water content (15 m)

Within the scope of the study, for the water content (Wn) values found for 1.5, 3, 4.5,
7.5, 9 and 15 m, the study values of 0-10% Wn, 11-20% Whn, 21-30% Whn, 31-44%
Wn The comparison graph showing the distribution in the area as a percentage is
presented in Figure 4.33. It is seen that the value of 11-20% Wn is dominant in the

study area.
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Figure 4.32 Water content values comparison chart by borehole depth
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4.4. Atterberg limits analysis

In determining the consistency limits, the values obtained from 84 borehole points for
Liquid Limit (LL), Plastic Limit (PL) and Plasticity Index (PI) from 210 points in the
study area were used. Within the scope of the study, the consistency limits for 1.5, 3,
4.5, 7.5, 9 and 15 m depths were determined. It has been observed that the highest

value is dominant at 3 m.

A map and comparison chart were created in line with the LL values obtained from
the 3 m borehole depth. The map in question is presented in Figure 4.34 and the
comparison chart of 0-25 LL, 26-50 LL, 51-75 LL values is presented in Figure 4.35.

It has been determined that LL values of 26-50% are dominant in the Catalgesme
located in the easternmost part of the study area, around the TED College in the middle
parts, and in the areas to the north of the FU Communication Faculty located in the
southwestern part. LL values of 51-75% were observed locally in Asagidemirtasg
Village located in the southwestern part and in other regions. 0-25% LL values were
not determined.
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Figure 4.33 Liquid limit (3 m)
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Figure 4.34 LL Values comparison chart by depth at 3 m

A map and comparison chart were created in line with the PL values obtained from the
3 m borehole depth. The map in question is presented in Figure 4.36 and the
comparison chart of 0-25 PL, 26-50 PL, 51-75 PL values is presented in Figure 4.37.

It has been determined that 0-25% PL values are dominant in the Catalgesme, which
is in the easternmost part of the study area, around TED College in the middle parts,
and in the areas to the north of the FU Communication Faculty in the southwest part.
PL values of 26-50% were observed in Asagi Demirtas Village in the southwestern
part and other regions. 51-75% PL values were not determined.
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Figure 4.35 Plastic limit (3 m)
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Figure 4.36 PL Values comparison chart by depth at 3 m

A map and comparison chart were created in line with the PI values obtained from the
3 m borehole depth. The map in question is presented in Figure 4.38 and the
comparison chart of 0-25 PI, 26-50 PI, 51-75 PI values is presented in Figure 4.39.
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It has been determined that PL values of 0-25% are dominant in the areas to the east
of the study area, around Catalgesme, around TED College in the middle parts, and in
the north of the FU Communication Faculty in the southwest. PL values of 26-50%
were observed in Asagi Demirtas Village in the southwestern part and in other regions.

51-75% PI values were not determined.
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Figure 4.37 Plasticity index (3 m)
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Figure 4.38 Pl values comparison chart by depth at 3 m
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4.5. Analysis of shear wave velocity calculation of the top 30 m

The Vs3o of the soil is used in different soil classification systems and earthquake
hazard analysis calculations. In this thesis, the values calculated by field measurements
are used to create the average shear wave velocity map of the study area. The maps
were created using the ArcGIS program and the IDW method. In the analysis, a shear

wave velocity range ranging from 264 m/sec to 1950 m/sec was determined.

In the data obtained for 30 m depth throughout the study area with measurements made
in the field, the value of 2% of the study area is Vs> 1500 m/s, the value of 69% is
760< Vs < 1500 m/sec, the value of 29% is 360< Vs < 760 m/sec. It was determined
that there is no value between Vs< 180 m/sec and 180< Vs < 360 m/sec. The map

which is created according to this evaluation is presented in Figure 4.40.

It has been determined that the shear wave velocity is between 360<Vs< 760 m/sec
around Firat University Sugozii and Catalgesme located in the eastern part of the study
area. In the region between Orencay, Asagi Demirtas Village, FU Communication
Faculty, TED College and FU located in the southwestern and central parts, shear wave
velocity was determined to be between 760<Vs< 1500 m/sec in general. Located in
the western and southwestern parts of the Prison, Banvit AS. and in the region to the
north of these, shear wave velocity was observed as Vs>1500 m/sec. In addition, the
comparison chart of the values in the study area is presented in Figure 4.41.
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Figure 4.39 Shear wave velocity (30 m)
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Figure 4.40 Comparison of Vs (30 m) value in the study area

4.6. Soil classification analysis according to NEHRP earthquake regulation

Soil class according to NEHRP is based on the average velocity of shear wave velocity
up to 30 m depth. The necessary map for GIS analysis was created within the scope of
the data obtained through the measurements made in the field. While creating the map,
using the ArcGIS program, soil class values estimated maps according to NEHRP were
produced with the IDW method in a 10 m grid size, and A, B, C soil types were

determined on the prepared map.

It is determined that 2% of the study area is A, 69% is B, 29% is C is E based on the
measurements made in the field. The map which is created according to this evaluation

is presented in Figure 4.42.

It has been determined that the northwest part of the A class soil values is seen around
Sarigubuk Village and it has 2% of the whole area. It has been determined that the B
class soil values have 69% in general, excluding the local parts in the eastern and

northeastern parts.

It has been determined that Class C ground values are mainly seen around Firat
University, Catalcesme, Sugdzii and Glimiiskavak, which are in the east and northeast
sections, and around TED College and FU Communication Faculty, and it has 29% of
the entire area. In addition, the comparison chart of the values in the study area is

presented in Figure 4.43.
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4.7. Analysis of the earthquake hazard level according to the soil amplification
calculation

While planning the urbanization in the study area, it is important to determine the
negative aspects of the earthquake strengthened by the local soil conditions in order to
plan earthquake resistant buildings. Vs3o was used to determine the local soil effect of
the region (Karabas, 2019).

Soil amplification calculations were made with the data obtained from 210 drilling
points in the study area, which is required for GIS analysis. Values between 0.7 sec
and 3.13 sec were determined on the maps. In addition, B (medium hazard) and C (low

hazard) maps of the study area were created.

In the calculations, it has been determined that 1% of the study area is B (medium
hazard) and 99% is C (low hazard). The map which is created according to this

evaluation is presented in Figure 4.44.

It has been determined that 1% of the area around Sarigubuk Village, located in the
northwest part of the study area, is dominated by B (medium hazard) and 99% of C
(low hazard) values in other areas. A (high hazard) was not detected in the study area.
In addition, the comparison chart of B and C values in the study area is presented in
Figure 4.45.
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Figure 4.43 Hazard map according to soil amplification results
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Figure 4.44 Distribution of hazard values in the study area according to soil
amplification criteria

4.8. Soil classifications analysis according to EUROCODE 8

Soil class according to EUROCODE 8 is based on the average velocity of shear wave
velocity up to 30 m depth. The maps required for GIS analysis are prepared within the
scope of the data obtained by the measurements made in the field. The maps of soil
classes A and B were determined according to the Eurocode 8 soil classification

system.

With the measurements made in the field, it has been determined that 35% of the study
area is class B and 65% is class B soil. The map which is created according to this

evaluation is presented in Figure 4.46.

It was determined that B (medium hazard) values were dominant in 35% of the whole
area, and C (low hazard) values were dominant at the rate of 65% in other areas, mainly
in the eastern part of the study area. Soil type A was not detected in the study area. In
addition, the comparison chart of A and B values in the study area is presented in
Figure 4.47.
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4.9. Unified soil classification system analysis

Data were obtained at 21 points for 1.5 m from 210 points in the study area. It has been
determined that there is a ML soil class around Nurali, Giimiigbaglar, Alayaprak
Village, Firat University and Glimiiskavak in the part between the northwest and
southeast. It is estimated that GM soil class will dominate in the southwestern part and
the middle parts of the study area, while other soil types will be effective at various
points. The map which is created according to this evaluation is presented in Figure
4.48.

501003 504003 507003 510003 513003 516003 519003 522003 525003
N
XY
& B | e
> 1y =1
o o
= e
-] (-]
g f g
.
o~ el
o R=3
b= R b=
o o o
g . g
.
o~ )
o . | ©
o (=1
© s ©
N~ N~
g ; . g
™ * )
2 . -8
© || uscs (1,5m) = i
(> ] ®  Borehole Point L S
3 vistrict Border R
S| <VALUE> e
S = 5
cL
S || om g
[0 MH
QN
] . sm — Kilometers
: : 00,7515 3 45 6
501003 504003 507003 510003 513003 516003 519003 522003 525003

Figure 4.47 Soil classification according to USCS (1.5 m)

Data were obtained at 82 points for 3 m from 210 points in the study area. It has been
determined that there is a CL soil class in the vicinity of FU Communication Faculty,
Banvit AS located in the southwestern part, Firat University in the middle part, Sugdzii
and Catalcesme Mahallesi in the south. It is estimated that GM soil class will dominate
around Nurali and Gilimiigbaglar Villages in the South and Yemislik Village in the
North, while other soil types will be effective at various points. The map which is

created according to this evaluation is presented in Figure 4.49.
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Figure 4.48 Soil classification according to USCS (3 m)

Data were obtained at 82 points for 4.5 m from 210 points in the study area. It has been

determined that there is a CL soil class in the vicinity of FU Communication Faculty,

Banvit AS located in the southwestern part, Firat University in the middle part, Sugdzii

and Catalgesme in the south. It is estimated that the GM soil class will dominate around

Nurali and Giimiigbaglar Villages in the south and Yemislik Village in the north, while

other soil types will be effective at various points. The map which is created according

to this evaluation is presented in Figure 4.50.
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Figure 4.49 Soil classification according to USCS (4.5 m)

Data were obtained at 48 points for 7.5 m from 210 points in the study area. It has been
determined that there is a GM soil class in the vicinity of Catalgesme, Giimiiskavak
Mahallesi, Yemislik Village in the southeast part and Firat University in the middle
part. It has been estimated that the MH soil class will be dominant in the areas to the
west of Nurali and Sarigubuk Villages and FU Communication Faculty, Prison and
TED College located in the southwestern part, while other soil types will be effective
at various points. The map which is created according to this evaluation is presented
in Figure 4.51.
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Figure 4.50 Soil classification according to USCS (7.5 m)

Data were obtained at 33 points for 9 m from 210 points in the study area. In general,
it has been estimated that the MH soil class will dominate in most areas, while other
soil types will be effective at various points. The map which is created according to
this evaluation is presented in Figure 4.52.
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Figure 4.51 Soil classification according to USCS (9 m)
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Data were obtained at 34 points for 15 m from 210 points in the study area. It has been
determined that there is ML soil class around Giimiiskavak, Yemislik Village located
in the southeast part and Sarigubuk Village located in the northeast. It is estimated that
SM soil class will dominate in the northern and northeastern parts of Firat University,
around Alayaprak, Nurali and Giimiigbaglar Villages, GM soil class will dominate in
the southwestern part and other local areas, and other soil types will be effective at
various points. The map which is created according to this evaluation is presented in
Figure 4.53.
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Figure 4.52 Soil classification according to USCS (15 m)
4.10. Compression wave velocity analysis

Data were obtained at 170 points for 7.5 m from 210 points in the study area. It has
been observed that the compression wave velocity varies between 801-1,885 m/sec in
the areas around the Sarigubuk Village to the north of the central point, between Banvit
AS and the Prison in the southwest of the study area, and in the regions around Nurali

and Giimiisbaglar Villages located in the southeast.

71



It has been observed that the compression wave velocity in the regions around Asagi
Demirtas and Orencay Villages in the southwest and Giimiiskavak in the southeast
varies between 386-500 m/sec, and in the remaining areas, the compression wave

velocity generally varies between 501-800 m/sec.

The map showing the distribution of the measured value of the compression wave
velocity at 7.5 m in the study area is presented in Figure 4.54. The graph showing the
compression wave velocity values between 386-500 m/sec, 501-800 m/sec and 801-

1.885 m/sec is presented in Figure 4.55.
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Figure 4.53 Compression wave velocity at 7.5 m
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Figure 4.54 Distribution of the measured value for 7.5 m of compression wave
velocity in the study area

4.11. Shear wave velocity analysis

Data were obtained at 170 points for 7.5 m from 210 points in the study area. It has
been observed that shear wave velocity varies between 601-1.260 m/sec in the area
between Banvit AS and Prison in the southwest of the study area, in the areas around
Sarigubuk Village to the north of the central point, and in the areas around Nurali and

Gilimiigbaglar Villages in the southeast.

It has been observed that the shear wave velocity in the region around Asagi Demirtas
and Orengay Villages in the southwest and Giimiiskavak in the southeast varies
between 451-600 m/sec, and in the remaining areas, the shear wave velocity generally

varies between 264-450 m/sec.

The map showing the distribution of the measured value of the shear wave velocity at
7.5 m in the study area is presented in Figure 4.56. The graph showing the shear wave
velocity values between 264-450 m/sec, 451-600 m/sec and 601-1.260 m/sec is
presented in Figure 4.57.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

In this study, a database was created by utilizing the values obtained from the field and
laboratory test results in the soil research reports in the archive of Elazig Municipality.
By using geotechnical data in the database, the bearing capacity for various depths in
the study area within the boundaries of Elazig Municipality with the GIS-based
ArcGIS program, Vs, SPT, NEHRP, EUROCODE 8, Vp, Vp, USCS, Atterberg
Limits, Soil Growth Parameters and Groundwater Comparison graphics were created
with maps. These maps allowed the visual evaluation of geotechnical data in the study

area.

e A graph was created for the distribution of SPT-N values. It is seen that SPT-

N values between 31 and 50 are dominant for all depths in the study area.

e Terzaghi - Peck Method and Meyerhof Method were used in field tests (SPT-

N data) and carrying capacity calculation methods.

o It has been observed that the result values are close to each other in the Terzaghi

- Peck and Meyerhof methods.

e However, when the impact value and depth increase, it is seen that the

Meyerhof bearing capacity values are greater than the Terzaghi and Peck results.

e With the data obtained from 125 borehole points throughout the study area,
groundwater was encountered at a total of 5 borehole points after 10 m. It has been

evaluated that the study area is not rich in terms of groundwater.

e Within the scope of the study, it is seen that Wn values dominate 11-20% at all
depths.
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e As aresult of the measurements made in the field for the 30 m depth of the
shear wave velocity, the value of 2% of the study area is Vs> 1500 m/sec, the value of
69% is 760< Vs < 1500 m/sec, the value of 29% is 360< Vs < 760 m/sec it has been
found to be between m/sec.

e The study area determined the soil class according to NEHRP; 2% part A (Hard
rock), 69% part is B (Rock), 29% is part C (Very dense soil/ soft rock), 0% part is D
(Stiff soil ), 0% part is E (Soft soil). B soil class and C soil class values dominant

throughout the study area.

e The study area determined the soil class according to EUROCODE 8; 65% part
is A (Rock), 35% part is B (Very dense sand or very stiff clay), 0% part is C (Dense
sand or stiff clay), 0% part is D (Loose to medium cohesionless soil). A soil class and

B soil class values dominant throughout the study area.

e The earthquake hazard level are determined and compared in study area. It is
seen that 1% part B (medium hazard) and 99% part C (low hazard) values are dominant
throughout the study area.

e It has been observed that the highest value is dominant at 3 m in Atterberg
Limits. It is seen that LL, PL and PI values between 26 and 50 for 3 m depth are
dominant in the study area.

e As a result of the analysis of the maps prepared according to the USCS soil
classification system, it has been seen that there are different soil types at different
depths.

e As a result of the measurements made in the field for the 7.5 m depth of the
compression wave velocity, it has been determined that 10% of the study area is
between 386-500 m/sec, 83% is between 501-800 m/sec, and 7% is between 801-1.885

m/sec.

e Asaresult of measurements made in the field for shear wave velocity at 7.5 m
depth, it was determined that 64% of the study area was between 264-450 m/sec, 26%

was between 451-600 m/sec, and 10% was between 601-160 m/sec.
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e Since the compression wave velocity is the first wave recorded at the time of
the earthquake, it is expected to be greater than the shear wave velocity. Within the
scope of the study, this result was confirmed and it was determined that the

compression wave velocity was greater than the shear wave velocity.

e Since the study area is under the influence of the Eastern Anatolian Fault Zone
and is located in the first and second degree seismic zones in the Turkey Earthquake
Zones Map, the provisions of the "Regulation on Buildings to be Constructed in

Disaster Zones" were considered appropriate.

e It has been evaluated that the buildings to be built in the working area of the
Ministry of Environment, Urbanization and Climate Change and its immediate
surroundings should be implemented exactly at the design stage.

e In our country, which is known as earthquake country, in order to reduce
disaster damage and determine safe settlement areas, the geo-engineering properties
of the ground should be evaluated and the design of the structures should be done
before the settlement areas are opened for use.

e For this reason, it was concluded that disaster risk maps of the ground of

settlement areas should be created within the scope of geo-engineering studies.

e Geotechnical data will be visually accessed more easily, thanks to the online
use of GIS-based maps prepared within the scope of the thesis, by Elazig Municipality
and other public institutions for the purpose of planning in settlements. Thus, it has

been evaluated that each institution will save a great deal of time and labor.

e Also; It is considered that it is of great importance that the aforementioned
mapping studies, which are among the 2023 targets of the National Earthquake

Strategy and Action Plan, are supported by local governments and expanded.

e Itis desirable to carry out further investigations, thanks to the work supported
by local governments in our region and on a national basis. In this way, it will always
be possible to improve our work done within the scope of the thesis and to enrich the

database with the data obtained.
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