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YENILENEBILIR ENERJI TIPLERI

* @Gunes Enerji Santralleri (GES)

e Ruzgar Enerji Santralleri (RES)
* Hidroelektrik Santralleri (HES)
e Jeotermal Enerji Santralleri

* Biyokutle Enerji

Types of

Renewable BTG
Energy ‘ [
Sources

Biomass Geothermal
Energy
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YENILENEBILIR ENERJI — YEREL TREND

e 2024 yih sonu: %11.8 yenilenebilir kaynak

e 2010 sonrasi hizla artan pay, GES ve RES 6ncli

e 2025 Sonu elektrik Gretiminde: GES ve RES payi: %32.6
* Mevcut kurulu giic kapasitesi = 40000 MW

e 2035 hedefi: 120000 = MW

ELECTRICITY CAPACITY

Installed capacity trend Renewable capacity in 2024
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Coal and coal products
25.2% 28.9%

Qil and oil products

@ Coal and coal products
© Natural gas

© Solar, wind and other renewables

Natural gas Solar, wind and other renewables
26.6% 11.8%

© 0il and oil products

@ Hydropower

@ Biofuels and waste

Source: International Energy Agency. Licence: CC BY 4.0
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YENILENEBILIR ENERJI — GLOBAL TREND

* Fosil yakit tiketimine talep azalmaya devam ediyor.

* Elektrik Gretiminde yenilenebilir enerji payi hizla artiyor.

e 2025 itibariyle AB Ulkelerindeki elektrik Gretiminin yaklasik %50’si yenilenebilir enerji

kaynaklarindan saglaniyor
* Yenilenebilir enerji kapasitesi hizli sekilde artarken yatirirm maliyetleri dlislis gosteriyor
Electricity Capacity Trends
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Global oil demand growth by sector, 2021-2024
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SAHA BELIRLEME KRITERLERI - KARA

Step 1: Exclusion Step 2: Evaluation

* Cografik Ozellikler: Ulasim, ekonomik durum, yerlesim Legislative Technical Economic
durumu, mevcut altyapi etamens | [pormton | [ s [ s ] [ accesrogra |
networks infrastructure
« Teknik Ozellikler: e N7 —
 Riizgar potansiyeli, riizgar surekliligi, tirbilans (RES). a1 A o s }-’ i
* Isinim potansiyeli, kar ve toz birikim potansiyeli (GES). i [ > i ;%
. J flevat o
 Topografik ve Geoteknik Ozellikler: Egim durumu, yerel ‘ J : 8 ] L s |
zemin kosullar ,depremsellik, heyelan, taskin potansiyeli | et || T ] Enmfmw
* GES alanlariigin duslik egim (<%3) elverislidir. Favkonemestol > Y, ———y
* GES alanlari igin kaya tabakalari problem teskil ederken, RES alanlari igin S — sensitive areas
ylzeye yakin kaya birimler avantajlidir. [ ares ] [ bodies J \ﬁ
* Cevresel Ozellikler: Koruma alanlari, arkeolojik bélgeler, Socio-political e
elektromanyetik etki [ e ] [ potcr J =
acceptance support use/cover
« Arazi Miilkiyeti ve imar Ozellikleri: Kamulastirma ihtiyaci, IR
stratejik kisitlar (askeri bolgeler, havacilik kisitlari vs) ‘

===
==

* Sosyo-politik faktorler
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SAHA KARAKTERIZASYON CALISMALARI - KARA

o000 w0 00 200
I ' 1 i

. Topograflk Calismalar:

Dijital yukseklik modeli (DEM)) ve sayisal arazi modeli 1
(DTM) i

* Egimli bolgelerin tespiti.

2672500

» LIDAR, Drone, yeni cekim uydu gériintiileri ya da arsiv ’ P
uydu gorintileriyle degerlendirme :

* Hidrolojik ve geoteknik veri.

w0
2520000

* Cevresel Calismalar (ESIA):

* Cahsma sahalarinin canli gesitliligi, cevresel ve habitata
etki

o iklimsel etki 4

el

* Sosyolojik ve demografik etki.

awszso0
642500

* Hidrolojik Calismalar:

* Bolgeye 6zel hidrolojik parametrelerin tayini (Intensity
Duration Frequency (IDF), hidrograflar, yagis rejimi, arazi
toprak yapisi

Maximum Water
Level for 100-year
Storm

* Su derinlik ve su hiz haritalarinin olusturulmasi 8

57500

1.32m
* Taskin risk analizi

* Taskin, erozyon gibi risklere karsi bolgesel 6nlemlerin i Maximum Surface

1655000

tespiti Elevation for 100~
.. o .. . year Storm.
* Relokasyon seceneklerinin degerlendirilmesi . e e . 1 e -~
i 3 m

wrotno
R p—— s i 2w
B enchmat Locations-4s Bt —

Peak Discharges
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hwmuepmw)
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Commn
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1.90 m3/s




Yildiz T., (2026), Yenilenebilir Enerji Sahalarinda Geoteknik & Jeofizik Arastirma Yontemleri

SAHA KARAKTERIZASYON CALISMALARI - KARA

N

* Topografik Veri Ciktisi>>> Hidroloji verisi
icin girdi

* Topografya arastirma alani hidrolojik
ihtiyaclari gore sekillenmeli

* Yukseklik verisi havza sinirlari goz 6nline
alinarak toplanmali

||||||||||
||||||||||
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YAP!I OZELLIKLERI

* RES

Rotor ¢apina bagli yapisal etki : Kesme kuvveti, moment,
dusey gerilme

Temeller: Agirlik (Gravity) tipi veya kazikli
Yuksek rotor ¢api, biyik moment & kesme kuvvetleri
Egzantrik temel gerilmesi

Rotasyonel rijitlik: Diisiik deformasyonlu kayma moduilu
(Gmax)>>> Yapi zemin etkilesim problemleri
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YAP!| OZELLIKLERI

* GES

* Sig temel sistemleri
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Load (Ibs)
0 2000 4000 6000 8000 100001200014000

Drilled Pier Backfilled Precast Pier Backifilled Pedestal

* Tekil gakma kaziklar, forekaziklar i ] , 0.0

* Prefabrike kaziklar »3'. j S 05

*  Gelik gakma kaziklar e . e 54 A{ \,

* Helisel (Screw) Kaziklar % O T \

* Ruzgar kaynakli gekme kuvvetleri S i e G ek E‘r 15

* Donma & Coziinme etkileri & don derinligi i - % l \

* Surekli veri (Continuous Data) saglayan saha arastirma Jﬂt 32 ° \ K‘
yontemleri . : e 25®

* Detayli fiziksel & mekanik laboratuvar ¢alismalari AL “o Y
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SAHA KARAKTERIZASYON CALISMALARI - KARA

* Geoteknik Saha Arastirma Calismalan

4

e Jeofizik Saha Arastirma Calismalari ~

........

Sondaj, arastirma cukuru agiimasi

Sondaj icinde standard penetrasyon testi (SPT) ve presiyometre testi (MPT)
uygulanmasi

Konik Penetrasyon Testi (CPT)

Dinamik Konik Penetrasyon Testi (DCPT)

Gegirimlilik Testi (Double Ring Infiltration (DRI))

Plaka Yikleme Testi (PLT)

Yerinde CBR (In-Situ) CBR deneyi

Kum konisi (SC) deneyi

Permeabilite deneyi (Falling head, constant head)
Kazik Yiikleme Deneyleri (RES)

Kazik Cakma & Cekme Deneyleri (Pull-Out Tests - GES)

Termal iletkenlik Deneyi (TRT)

Dusey Elektrik Rezistivite (VES) Deneyi

Sismik Kirilma ve Sismik Yansima (SR & MASW)
P-S Logging

Elektrik Rezistivite Tomografi (ERT)

Kuyu ici Sismik (DHST)

Capraz Kuyu ici sismik (CHST) K

* Laboratuvar Calismalari

Fiziksel Zemin Deneyleri: Elek analizi, Atterberg Limitleri, hidrometre, birim
hacim agirlik, danesel yogunluk, su muhtevasi

Mekanik Zemin Deneyleri: KonsolidasYon (Odometre), direk kesme deneyi
(DST), g eksenli (triaxial), sisme (swelling) ve ¢cokme (collapsibility) testleri,

Kaya Deneyleri: Ug eksenli kesme deneyleri (UCS), poisson orani ve elastisite
moduli tayini, suda asinma (water absorbtion), bulk density

Kimyasal Deneyler: Agresif iyon icerigi (Stlfat,Klorir), organic icerik, pH icerigi

Tabuk Principality

Tabuk Province
Altitude:719:.0m
Speed:0:0km/h

N4-B=1-CHST:

TMMOB
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GEOTEKNIK & JEOFiZiKk ARASTIRMALAR : YONTEMLER

28.383304" N, 37.098519° E
248" W
labuk Region

18 Feb 2024.09:40:46
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GEOTEKNIK & JEOFiZIK ARASTIRMALAR : YONTEMLER

e Standartlar:

TBDY 2018 (Tiirkiye Bina Deprem Yonetmeligi): Sahaya 6zel deprem tehlike analizleri ve zemin yerel siniflandirmasi
TS EN 1997 (Eurocode 7): Geoteknik tasarimin genel ilkelerini
ASTM Standartlari: Arazi ve laboratuvar testleri yapim yontemi

RES:
* |EC 61400-1: Geoteknik verilerin tlirbin 6mru Uzerindeki etkisi.
* DNV-ST-0126: RES destek yapilari ve temelleri icin dinamik analizler ve zemin-yapi etkilesimi
« Uretici Sartnameleri: GE, Vestas vb. Yapi 6zelinde rotasyonel rijitlik ve yatak katsayisi tayinleri.

GES:
e ASCE 7-16: Ruzgar yuklerinin paneller tUzerindeki etkisi
» |EEE 142: Topraklama sistemlerinin tasarimi igin 6zdirencg (resistivity) testleri

* Cakma Deneyleri (Pull-out Tests): GES projelerine 6zel bir "standart uygulama" halini almistir. Kazigin cakilarak cekme, basma ve
yatay yuk test kriterleri

12
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GEOTEKNIK & JEOFiZiK ARASTIRMALAR : YONTEMLER

* Uygulama Sikliklar::
* RES - Geoteknik:

* Sondaj &CPT: Uygulama safhasinda her tiirbin altinda asgari 1 adet (min 15m)

*  Arastirma Cukuru: Uygulama safhasinda sondaj sayisinin %50si.
] N7t ) AHK-SS BH 148

*  Presiyometre: Aliivyon zeminlerde sondajlarin %30’unda derinlik boyunca 4-6 metre \ o

araliklarla yapilir. 3 g

* Plaka Yiikleme: Salt sahasi ve kontrol merkezi gibi konumlarda projeye 6zel olarak
belirlenen sayi ve derinlik.

*  Emilim (DRI) &Perkolasyon Deneyi: Arastirma cukuruna esit sayida yapilabilir.

*  Yerinde CBR (In-Situ) Deneyi: Saha ici ulasim yollari ve yardimci tesis (Salt Sahasi, Kontrol
Merkezi vs) , proje ihtiyaglarina uygun sayi ve siklik.

LEGEND As Built BH Locations
@ Civil Fence ® BH-4m — Secondary Road

<+ PVArea ® BH-8m
=Substation Area “ BH-20m
[ Access Road ®  BH-20m (Additional)

*  Kum konisi (SC) Deneyi: Arastirma cukuru sayisina esit ve ek olarak, saha ici ulagim
yollari ve yardimci tesis (Salt Sahasi, Kontrol Merkezi vs) lokasyonlari

* RES - Jeofizik:

* VES: Her 2 tiirbinde 1 adet olacak sekilde yapilabilir. Geofon teskili ve hat uzunlugu
segimi

* TRT: VES ile esit sayida yapilabilir. Arastirma cukurlari iginde farkli seviyelerde 6lgim

*  Sismik Kirilma (SR) & MASW: Her 10 tiirbinde 1 adet. Bolgedeki litolojik ve jeolojik
anomaliler (YASS varhigi, Karstlasma) varsa bu sayi arttirilabilir.

*  Cross-Hole &P-S Logging & Downhole Seismic Test: Her 10 tiirbinde 1 adet yapilabilir.
Bolgedeki litolojik ve jeolojik anomaliler (YASS varligi, Karstlasma) varsa bu sayi
arttirilabilir.

*  Elektrik Ozdireng Tomografi: Jeotehlike (Karstlik bosluk vs) potansiyeli gdzlenen alanlar
13
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GEOTEKNIK & JEOFIZIK ARASTIRMALAR : YONTEMLER

e Uygulama Sikliklar:
. GES

O PoT-EL
@® PoT-ELC
@® PoT- ELC - Saturated

e Birim alan basi yogunluk kabulii

* RES’e gore sig arastirma derinligi.

* Max sondaj derinligi 10 m (PV bolgesi).

* Surekli veri saglayan CPT, DCPT deneyleri
* Kuyu ici jeofizik sinirl.

e Zemin sinifinin tespiti icin bir derin sondaj + kuyu igi sismik
(CHST, P-S Logging).

* Derin sondajlar salt sahasi ve kontrol merkezi alanlarinda
dusundlebilir.

* En 6nemli saha arastirma: Kazik cekme & yikleme (POT)

deneyleridir. Tasanm Asamas:
« Zemin kosullari: Diisiik tasima kapasitesi Arastima | 5 Proje (adet/kmz) | UYEUIama Projesi
(adet/km2)
* |klimsel kosullari: Don derinligi, riizgar yukleri Sondaj 3.0-3.5 5
Arastirma Cukuru 1.50-2.0 2.5
* Yapisal kosullar: Tasarim basing, cekme, yatay yukler DCPT 3.0-3.50 5
PCPT 0.40-0.60 0.80-1.0
CHST 0.40-0.60 0.80-1.0
SR & MASW 0.40-0.60 0.80-1.0
VES 1.50-2.0 2.5
DRI 0.40-0.60 0.80-1.0
TRT 1.50-2.0 2.5
POT 3.0-3.50 N/A 14
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GEOTEKNIK & JEOFiZiK ARASTIRMALAR : YONTEMLER
* Uygulama Sikliklar::

Elektrik iletim Hatlari (Overhead Transmission Lines (OHTL))

Guzergah boyunca her bir kule altinda bir arastirma noktasi
(Sondaj & CPT)

Kule araliklari iletim kapasitesine gore 350-500 m aralikta
Her sondaj lokasyonunda 6zdireng olgima.

Yerel zemin kosullari, depremsellik, jeolojik, hidrolojik,
topografik sartlar.

Coklu kriter karar verme algoritmalari (MCDM) ve
Guvenilirlik Bazli tasarim (RBD) yaklasimlari

Daha basit mihendislik yapilari, ancak degisken saha
kosullari — Genellestirilmesi zor ¢coziimler

LEGEND
® Borehole (BH) Locations

== 500kV OHTL Alignment — River
[ OHTL Proposed Buffer (500m) —— Stream
Geology ~ Canal
B Qi-Quaternary-Middle Section

Projeye 6zel muhendislik yaklasimi

1
* | [ vvéc3-Carboniferous
4l ™ €0-Cambrian-Ordovician
Lake

INSAAT MUHENDISLERI ODASI
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SAHA ARASTIRMALARININ YORUMLANMASI — PARAMETRE TAYINi

Table 2.1 Typical shear- and compression-wave velocities of common foundation

* Parametre Tayini:

Fiziksel Deneyler: Zemin siniflandirmasi, miihendislik
davranisi

Mekanik Ozellikler: Fiziksel forma uygun bir laboratuvar
deney program hazirlanmasi

* Kayma Mukavemeti Agisi (D): Kum-Cakil zeminler
icin mukavemet parametresidir, kesme kutusu
deneyi ve SPT deneyi sonuclarina gore
belirlenebilir.

* Drenajsiz kayma dayanimi (cu): Uc eksenli
deneylerle ve kivam limitleri & SPT-N iliskisi ile
elde edilebilir.

e Birim hacim agirlik: Laboratuvar deneyi ile tayin
edilir.
Kimyasal Ozellikler: Laboratuvar deneyleriyle tayin
edilir, 6zdirenc olcimleriyle iliskilendirilir

Dinamik Ozellikler: Kayma dalgasi hizi, kayma modiili
gibi parametreler kuyu ici & ylizeysel jeofizik deneyler &
geoteknik deneylerle desteklenmeli

soil and rock

Material Vp (my/s) V, (m/s) Useful relationships
M | =

Granite 5000-6000 2500-3300 P-wave velacity: V.= (M- [E__1v

Pyp pI-2v)1+v)
Basalt 5400-6400 2700-3500
Limestone 3600-6000 2000-3100 S-wave velocity: V, = {Ig = E_1

Vp p21+v)
Sandstone 1450-1650 900-1200
. . v 11-2v

Shale 2200-4000 1400-3000 Velocity ratio: VS =\‘fE .

X -v
Till 1500-2200 800-1400 !
Gravel*® 740-900 375-495

1
Dry loose sand*  250-450 100-300 os L
Dry dense sand* 400-600 200-500 05k _
oo O
Sat. loose sand* 1450-1900 100-300 == o4l —
Sat. dense sand* 1450-1900 200-500 0:2-
ol L 1 1 1

Sat. clays* 100-2200 75-40 0.1 02 03 04 05

Poisson’s ratio, v
Distilled water 1480 N/A
Seawater 1530 N/A
Concrete 3500-4500 1850-2400

S-wave velocity and effective stresses

0.5
oy Conical =025
O mean
v, :a[ J 0.4 s Spherical i = 0.16
3 T
S 0.3 @ Softt normally
2 o. KE g ’
s consolidated clay
h kP d 4 nq.:-'ﬂ Loose sand
where p, =1 kPa an & 02 e S| DN SAND
O ean IS the mean o ] Over consolidated
effective stress in the 0.1 B ™S |stiff clay and
S-wave propagation 0 cemented soils
plane. 0 50 100 150 200
o=factor (m/s)

Table 2.2 Typical soil rho values

Sail type Thermal resistivity (°C-cm/W)
Sandy soil (dry) 200
Sandy soil (moist) 83
Sandy soil (saturated) 40
Sandy-gravelly soil 71
Sandy silty-clay 55
Sandy clay loam 32
Silt loam 33
Clayey sand 79
Clayey soil 67
Lean clay 90
Fat clay 100
Volcanic soil 100

Note: rho values based on saturated soil, except where noted. Adapted
from Buonanno et al. (1995), Lu et al. (2009), and various geotechnical
investigation reports for wind turbine sites in the United States.

Rock

GGy

0.0 ' voanl 0 il ' voanl ol o
1074 1072 1072 107 10° 10!
Cyclic shear strain, ¥ (%)

2.4 Variation of the normalized shear modulus for normally
consolidated soil based on plasticity index, Pl, and granular soil as a
function of cyclic shear strain, 7, (after Sykora et al., 1992 and Vucetic
and Dobry, 1991).
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SAHA ARASTIRMALARININ YORUMLANMASI - Sismik Kirilma (SR) & Nokta Yiikleme - Kazilabilirlik

weak- mod. weak—
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SAHA ARASTIRMALARININ YORUMLANMASI - Sismik Kirilma (SR) - Kazilabilirlik
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SAHA ARASTIRMALARININ YORUMLANMASI —P-S Logging - Kazilabilirlik
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SAHA ARASTIRMALARININ YORUMLANMASI - Capraz Dogrulama

» Capraz Dogrulama (Cross Validation): Farkli disiplinlerden ortak bulgular elde edilmesi

e Tutarhhk kalite iliskisi

e Disiplinici capraz dogrulama:

Geoteknik arastirma sonugclari icinde tutarhlik: SPT & CPT mukayesesi

» Jeofizik arastirma icinde tutarliik: MASW & Capraz Kuyu Sismik Deney (CHST) mukayesesi

* Disiplinler arasi capraz dogrulama:

Geomatik & Geoteknik: Jeomorfolojik bulgular & geoteknik arastirma sonuclari mukayesesi
Hidroloji & Geoteknik: Yeralti su seviyesi tespiti & zayif zemin bulgusu
Geoteknik & Jeofizik: Termal iletkenlik 6zellikleri & fiziksel indeks 6zellikleri arasinda tutarlilik

Geoteknik & Jeoloji & Jeofizik & Geomatik: Kaya mekanigi & dinamik ozellikler & laboratuvar deneyleri

TMMOB
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SAHA ARASTIRMALARININ YORUMLANMASI - SPT & CPT

e CPT surekli data saglasa da numune alinmasina imkan vermeyen bir deneydir.

e SPT aralikli veri saglasa da numune alinmasi mimkunddr. 20 T T T T
Clayey silt -
. . . p . > & Ve S o
* Saha deneyleri laboratuvar deneyleriyle desteklenir. 18 e Sandy silt, silt Sad || OTraG
siyclay | 209 Silty sand - 7
* Elek analizi & zemin tipi & CPT iliskisi 16 e
Table 43. Soil type, FR, qc/N relationship (Verbrugge (1976) / :
"/
Soil Type Fr (%) qc/N 14 & ‘§ | G—
’ “
Clay, peat >4 2 / i
Silt 25-4.0 3 12 n=98 /7 A
Fine silty sand 17-25 3-4 3 R*=0.89 -
s < . @ A
and 1217 4-5 * 10 SE = 0.77 e
Gravelly Sand 0.7-1.2 5-8 S :
Gravel <0.7 >8 S 8 -l CRH-S-APCPT-1-015 P a :
s A B
A-BH-3-A PT-1-1
BH ID PCPTID LD Fr qe (aclpa)l  Dso =@ A-BH-3-APCPT-1-1.50 >0 a4 & ol
(m) (MPa) (Neo) (mm) z, S e L A Ny -
6 egmA-BH-9-APCPT-3-0.75 - | gt
0.15 10 0 10.31 10 0.9 “ ’ .
-5 H-51) ’ .
M4-BG-A-BH-3  M4-BG-A-PCPT-1 075 12 083 2243 18.6 N/A = e
1.50 19 150  27.18 14.3 0.08 4 - g
0.15 21 004 4478 2128 0.3 .
M4-BG-A-BH-9  M4-BG-A-PCPT-3 075 20 058  17.802 8.9 0.7 F vl
1.50 30 090  37.486 1246 N/A -
0.15 6 0.03 7.45 12.41 N/A 0 A A Ah41) L L Alil 1 2 llllr
M4-BG-D-BH-5 M4-BG-D-PCPT-2  0.75 10 037  11.279 11.2 0.1 0.001 0.0] 0.1 ] 10
1.50 35 085 4257 1214 N/A
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SAHA ARASTIRMALARININ YORUMLANMASI - SPT & CPT

:ﬂ , 5 AT T i P TN T T 2 TS

e T ,,7" "?'vﬁ % . ‘%F £ e 1) PRS2 ‘,_.Z‘
s ) ‘pl _i. l i!!’ 5B A ';,. A vr gl -
5 V54 3 " ‘ - R o5 3, .
= e g%. LB ¢ o

) e : A" ool | poin | oo | s | g | [V » \i- . /’ - o IR
R [T R e
L)

* CPT: konik penetrasyon direnci (qc),
cevre surtinmesi (fs) ve slirtinme orani

(FR)

e CPT 6lgtim verilerinin degerlendirilmesi:
Zemin davranis indeksi (SBT)

[Robertson 1988(SBT) - BBHW-8G-G-PCPT-2|

100 1

TMMOB
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A Soil Classification  Soil Layers
> 104 - = :
14 ¥ & | 35 ResetLayers = iz & & 3 53 2
b R Soil Layer Column £§131°F BES P < S|lef = |=|=|8|§
c 2 TName - a E 2 983 SPTN GEOTECHNICAL DESCRIPTION 2 g gi §§ 3 § SRR
[=] —0 £ @ = © @
g 1 |0 sand and silty sang 1 g o |8 oZ 2 g £5 | &
2 5 | O Gravelly Sand to Sand I 2 L
£ Jspr 1 L Beige, very loose, poorly graded SAND T
£ 1 ) : e
=1 8 : 0,75 |
o [ 1 _epTz 34-6 PR Beige, loose to medium dense, poorly R
—1 (10) : graded SAND with silt and gravel
-4 457 ; :
-, {573 (12) P 1,95 "
i Beige, highly highly B=
medium strong, fine grained, very poor
0.1 rock quality SANDSTONE 2| 8 0
0 1 2 3 5 (-] 7 8 3
Friction Ratio (%)
[ 1. Sensitive Fines [l 2. organic Material
[ 2. clay [l <. sity Clay to Clay
[ 5. ciayey Silt to Silty Clay 8. SaadySilt 1o Clayey Silt
- -
—3m
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SAHA ARASTIRMALARININ YORUMLANMASI

» Kayma dalgasi hizi (Vs) MASW deneyinden elde edilebilen bir dinamik parametredir.
* CPTile olculen cevre surtiinme direnci(fs) ile kayma dalgasi hizi iliskisi (Mayne (2006))

eeeeeeeee

Path Polygon
Measure the distance between two points

Map Length:

Grouns

d Length:

Heading:

V; = 118.

8logf, + 18.5

Crde 30path  Dpolygon | iy
on the ground B

1,550.13 Meters Ml
1,550.36
293.23 degrees NBGFSRE [
Save 3
—r———p
4 r

BBHW - Shear wave velocity {PC PT & SR)
e B .

100

v e e s o s ol
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'
l
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SAHA ARASTIRMALARININ YORUMLANMASI - JEOM o _' FOLOJI & GEOTEKNIK

* Uydu goruntuleri — dere yatagi, su yollari
sediman tasinma bolgeleri.

* Topografik bulgular geoteknik verilerle

desteklenir
» Zayif zonlarin cografi bilgi sistemleriyle
tahmini (Top 150 m)
» Saha arastirmasiyla dogrulanmasi P wun mgw s ‘ -‘ A *
2 : Region-1 { \¢ . :e:m B

“;_l."“ \G v Dense
v I
e o »

iy Loose

Very Loose
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SAHA ARASTIRMALARININ YORUMLANMASI — GEOTEKNIK & JEOFIZIK

* Kil & Silt birimler, yiksek su muhtevasi, YASS varligi =
yuksek termal iletkenlik

)

THERMAL CONDUCTIVITY MAP PRODUCED FROM THERMAL RESISTIVITY TEST (TRT) SURVEY RESULTS

* Kaba daneli zeminler, disiik su muhtevasi= disuk
termal iletkenlik

* indeks ozellikleri & Termal iletkenlik kiyasi
* Mevsimsel etkiler termal iletkenligi etkiler.

Thermal Conductivity
() W/m.k

2.60

1.70
1.25

0.80

I[

Ref: Yildiz ve dig., (2025). Thermal Behavior of Shallow Soil Deposits and Relationship with Physical Properties — 3rd International Conference on Energy Geotechnics — 17-20 June 2025, Paris;
France
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SAHA ARASTIRMALARININ YORUMLANMASI — GEOTEKNIK & JEOFIZIK

* Mevsimsel etkiler, su icerigi, YASS seviyesi termal iletkenligi etkiler

Depth: 0.25m <€

Depth: 0.50 m <€

Depth: 1.00 m <€

Depth: 1.50 m <€

Depth: 2.00m <

(a)

Thermal Conductivity
(») W/m.k

0.64

@ TRT Survey Point

N

Depth: 0.25 m €-=---p=====

Depth: 0.50 m €-=+-F === g

Depth: 1.00m €-+=+F==222 -

Depth: 2.00m <€

Depth: 2.50 m <€

(b)

Thermal Conductivity
(») W/m.k

154

1.38

@ TRT Survey Point

Table 1: Comparison of summer and winter TRT results

Winter Season Summer Season

Thermal conductivity variations with depth — summer (a) and winter (b) measurements

Thermal Thermal TRTwinter/
Depth (mbel) o quetivity () Te“‘?é{;“““’ Conductivity () T“'“?g;"““’ TR Tsummer
w/ (m K) w/ (m K)
025 125 10.07 0.47 31.41 2.66
0.50 1.22 10.07 0.49 30.66 2.48
1.00 1.23 9.98 0.51 29.67 241
2.00 1.19 9.77 0.53 28.72 2.23

Ref: Yildiz ve dig., (2025). Thermal Behavior of Shallow Soil Deposits and Relationship with Physical Properties — 3rd International Conference on Energy Geotechnics — 17-20 June 2025, Paris;

France
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SAHA ARASTIRMALARININ YORUMLANMASI — GEOMATIK&GEOTEKNIK

e AlGvyon zeminler, su yollari=
Riskli bolgeler

* Yuksek egimli arazi & kanyon
gecisleri: Mostra olusumu,
yiksek tasima glicli

* Dere & nehir gecisleri= Zayif
zeminler, sivilasma, oturma riski

" oy ¢ B *t"‘ o '._\ ;

i e
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SAHA ARASTIRMALARININ YORUMLANMASI GEOTEKNIK & HIDROLOJI |

 ince daneli zeminler +
YASS= Jeotehlike

e Dusuk tasima kapasitesi,
oturma, sivilasma

Yildiz T., (2026), Yenilenebilir Enerji Sahalarinda Geoteknik & Jeofizik Arastirma Yontemleri m TMMOB
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SAHA ARASTIRMALARININ YORUMLANMASI — GEOTEKNIK & HIDROLOJI
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Resistivity (2m) |
S e
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SAHA ARASTIRMALARININ YORUMLANMASI —Geomatik & Jeofizik & Jeoloji
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SAHA ARASTIRMALARININ YORUMLANMASI —Geomatik & Jeofizik & Jeoloji

:::::

-

5 <
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Excavatability Assessment per Seismic Velocity (Adapted from Caterpillar Performance Handbook)
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T T LI N S W % Seismic Refraction
= Project Area
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SAHA ARASTIRMALARININ YORUMLANMASI —Geomatik & Jeofizik & Jeoloji

If something is discovered that does not agree with the hypothesis, rejoice! You
can than really learn something new, You are on your way to an understanding of
the problem.

Ralph B. Peck

38



Yildiz T., (2026), Yenilenebilir Enerji Sahalarinda Geoteknik & Jeofizik Arastirma Yontemleri

@M 'MMOB
INSAAT MUHENDISLERI ODASI
ISTANBUL SUBESI

SAHA ARASTIRMALARININ YORUMLANMASI —Geomatik & Jeofizik & Jeoloji

EXCAVATABILITY ASSESSMENT PER COMPRESSIONAL WAVE VELOCITY (Vp)
PRODUCED FROM SEISMIC REFRACTION (SR) SURVEY RESULTS

AT,
»

&  agi
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SAHA ARASTIRMALARININ YORUMLANMASI — GES KAZIK YUKLEME DENEYI

* Deneyler:
e Extraction: Cekme
* Compression: Cakma
* Lateral: Yatay
e Saturated: Suya doygun

e Tasarim Yukinun %200l ya da 1 inch
maks. Deformasyon

e Serbest yukseklik:1.5-2.0 m
* Profil boyu: 4.0 m

e GoOmme derinligi: 2.0-2.50 m
 Profiller: H Type (W8x10, W8x21)

* Geoteknik modelleme: SPT & CPT verisi
+ cakma kazik tasarimi
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e Konik Penetrasyon Deneyi (CPT) & Standart Penetrasyon Deneyi
* Veri surekliligi avantaiji,

* Sig derinliklerde anomalilerin tespiti
* Sig cakma kazik tasariminda parametre tayini acisindan avantajlar

Equivalent SPT N60
0 5 10 15 20 25 30 35 40 45 50

_— T1E : Data gap between SPT measurements

1 E S

Depth (m)
N

__ — 0 —a —

.
T - =

2.5

3 . Measured SPT-N60 Values

S BT

—— PCPT Derived SPT  —#— Measured SPT-N60
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* CPT — Cakma Kazik Analojisi
nl ‘

Augs8; 2023 8:41:29 AM
(oo 3 130° SE
M&-BG-V-PCPT-1
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e 2 Proje Sahasi: Toplam 29 CPT

e Saha-1: 10 Adet Maksimum penetrasyon: 2.73 m
e Saha-2: 19 Adet Maksimum penetrasyon: 3.67 m

* Litolojik durum:

* 0-4.00 m Orta siki-¢ok siki durumda cakilli kum
birimler, Takiben ylizeyden orta-ileri derecede
ayrismis kumtasi-marn birimler.

* YASS’ye rastlanmamistir.

* Yardimciilave sondajlarda lokal diistik plastisiteli
kumlu silt bantlari.

* Zemin Davranisi
* Kaba daneli zemin kabulline gore idealizasyon
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Saha-1 Zemin Davranis indeksi (SBT) Robertson (1986)
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Konik Penetrasyon Direnci (gc-corrected) (MPa)

Siirtiinme Oram (FR) (%)
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B 1. Hassas Kil
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[ 5. Kitti Site-Sittti Kit

[ 7. sittti Kum-Kumly Sitt
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GIRDILER

* Profiller: W8x10, W8x21

Minimum dusey kazik kapasitesi: 50 kN
Soket boylari: 1.50,2.00,2.50 m

Cevre Direnci i¢in GS:3.0

Uc direnci icin GS:2.0

Cakma kazik tiplerine ait veriler

Profil Soket Boyu (m) Cap & Genislik {cm) Alan (cm?) Cevre (cm)
W8x10 1.50/2.00/2.50 10.0 19.1 60.1
W8x21 1.50/2.00/2.50 13.4 39.7 68.8

45



INSAAT MUHENDISLERI ODASI
ISTANBUL SUBESI

Yildiz T., (2026), Yenilenebilir Enerji Sahalarinda Geoteknik & Jeofizik Arastirma Yontemleri m TMMOB

z;;\\'I-AALiéiRASTIRMALARININ YORUMLANMASI — GES KAZIK YUKLEME DENEYi — BiR VAKA

ANALIZ YONTEMLERI

« Yontem-1: idealize zemin profili kabuliine gére 50 kN basin¢c dayanimi icin minimum soket boyu tespiti

* Yontem-2: Noktasal CPT analizlerine gére 50 kN basin¢ dayanimi icin minimum soket boylarinin tespiti ve
geomekansal veri analiziyle gorsellestirme
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YONTEM-1 SONUCLAR:
e Basing kapasitesi degerleri: 50-125 kN (Her soket boyu & Profil icin)

2.5

50 kN tasarim yu ki I(;In soket boyu: 1.00-1.50 m Idealize Zemin Profili - Kazik Tasima Kapasitesi
Qu (N)
Yontem-1: Kazik tasima kapasitesi sonuclari © 1 e s s s e 7o s s o 11 b w6 1

Saha Profil Kazik soket boyu (m) Glvenli kazik tasima kapasitesi (Qatomr-kN) ° | —

1.5 32 I Saha-1-W8x21

WaEx10 2 74 o I Sa:a—z - W8x10

1 = 104 | C Lot |
15 61 |
Wax21 2 85 1 |
2.5 119 :

1.5 57 2

WEx10 2 23 ;«éls |
5 2.5 109 I
1.5 67 |
Wax21 2 96 ’ |
2.5 125 I
I
I
I
|
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YONTEM-2 SONUCLAR:
* 50 kN tasarim yukd icin her CPT noktasinda soket boyu arastirildi.

Noktasal bazda 50 kN basin¢ yuku icin soket boylari elde edildi.

Gomme derinlikleri 0.50m ile 1.70 arasinda degiskenlik gosteriyor.

Soket boylarinin hakim oldugu alanlar ise geomekansal veri analizi yontemiyle belirlendi.

Kriging interpolasyon yontemiyle etkin soket boylarinin hakim oldugu bdélgeler gorsellestirildi.
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SAHA ARASTIRMALARININ YORUMLANMASI — GES KAZIK YUKLEME DENEYi — BiR VAKA ANALIzi
YONTEM-2 SONUCLAR:

Yontem-2- Saha-2 Kazik Tasima Kapasitesi
Diisey Kapasite (kN)-W8x21

100 150 200 250 300

Yontem-2 Saha-1 Kazik Tasima Kapasitesi

Diisey Kapasite (kN) - W8x21
100 150 200 250

n

Derinlik (m)
Derinlik (m)

=]
n

35
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SAHA-2: MINIMUM CAKMA KAZIK SOKET BOYU HARITASI
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B
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SAHA-1: MINIMUM CAKMA KAZIK SOKET BOYU HARITASI
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DEVELOPMENT OF RELATIONSHIP BETWEEN SPT AND DCPT
BASED ON THE RELATIVE DENSITY OF SOILS (A CASE STUDY
FROM THE KINGDOM OF SAUDI ARABIA)

Yusuf BATUGE', Tahir YILDIZZ Murat CENGIZ *

ABSTRACT

In-situ penetration tests such as standard penetration tests (SPT) and dynamic cone penetration tests
(DCPT) have been widely used in gectechnical engineering for site investigation studies to identify the
strength characteristics of investigated soil deposits. Both tests are performed by drepping a hammer
from a certain fall height and measuring a penetration depth per blow for the relevant depths. SPT
is typically performed at depth intervals of about 150m and it has a wide range of wel-known defined
relationships for parameter acquizition of the =zeils. DCPT, on the other hand, iz a rapid and inexpansive
alternative for the penetration tests and obtains continuous data for the investigated soil depths.
Considering the advantage of DCPT in providing continuous data compared to SPT, developing correlations
between SPT and DCPT can provide a relatively more comprehensive data set to perform data collection
for geotechnical design. In this study, a site-specific correlation was develeped with cemprehensive SPT
and DCPT results from renewable energy fields in the Kingdom of Saudi Arabia (KSA). Furthermere, a site-
specific relative density class is derived from the SPT and DCPT results, in contrast to the relative density
classes given in the literature. The relationship obtained for SPT and DCPT was found to be consistent
with similar studies in the literature. The derived relationship can be used to obtain equivalent mechanical
and physical soil properties for similar lithelogical conditions.

Keywerds: SPT, DCPT, site investigation, relative density.

‘assystem, Ankara, Torkiye (b

2Assystem Radicon, , Riyadh/Suudi Arabia

The Standard Penetration Test (SPT) is a commonly used and effective disturbed sampling in-situ method to obtain the strength characteristics of soils,
providing significant results for geotechnical design. Several correlations between SPT blow counts (N value) and soil behavior have been established to define
physical and mechanical properties, supporting the determination of design parameters for soil layers. Similarly, the Dynamic Cone Penetration Test (DCPT) is
a feasible and cost-efficient method for assessing soil characteristics, providing continuous and time-conscious data. Obtaining correlations between SPT and
DCPT can enhance data acquisition by leveraging the strengths of both methods. This study investigates the relationship between SPT and DCPT results for
coarse-grained soils through a comprehensive site investigation conducted various locations in the Kingdom of Saudi Arabia (KSA) for a renewable energy
project. The test points were almost identical, and a density-based relationship between SPT blow counts and DCPT penetration resistance was developed.
Individual evaluation of relationship between SPT and DCPT conducted in site-specific conditions and the correlation of all sites combined and generalized
together. The comparison of the proposed correlation and existing studies were utilized on similar conditions to validate reliability. An evaluation was made to
correlate SPT-N&DCP (Blow/100mm) values with the results obtained from SPT&DCPT tests performed at four project sites. The correlation varies between
0.56 and 0.70. Combination of all sites calculated as 0.72. This research presents precious perceptions into incorporating SPT and DCPT data to optimize
geotechnical design practices.

Civil and Environmental Engineering for Resilient, Smart and Sustainable Solutions

Materials Research Forum LLC

Materials Research Proceedings 48 (2025) 438-447

Keywords: SPT, DCPT, Site Characterization, Site Investigation, Relative Density
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Abstract..The Standard Penctration Test (SPT) and the Cone Penetration Test
(CPT) are among the most widely used in-situ site investigation methods for
evaluating the mechanical and physical properties of subsurface soils and for
establishing reliable scenarios for geotechnical design. Although SPT benefits
from extensive field experience and a wide range of empirical correlations for
parameter estimation, CPT offers comparatively fewer correlation options de-
spite its ability to provide continuous and high-frequency measurements with
depth. In addition, while CPT offers big-scale subsurface data, SPT enables soil
sampling, which is essential for complementary laboratory testing. Therefore,
comparing SPT and CPT results obtained from adjacent locations represents an
ceffective approach for improving the interpretation of subsurface conditions and
enhancing geotechnical design reliability. In this study, the relationship between
cone penetration resistance (qc) and SPT blow counts (N-values) is evaluated
using data collected from adjacent test locations at five different project sites.
The consistency and reliability of the measured values are examined, and rea-
sonable strength parameters are assessed through comparison with established
correlations reported in the literature. The results contribute to a better under-
standing of the g—N relationship and support more accurate soil characteriza-
tion in geotechnical practice.

Keywords: SPT, CPT, correlation, geotechnical, design

Seismic velocity & UCS relationship for variable rock
formations - A case study

Yusuf Bamgel[ﬁﬂﬂﬂ-ﬂmz-ﬁﬂﬁﬂ-ﬁﬁm] and Tahir Ylldl£[0m3-0007-152 1-9044]

! Geotechnical Engineer, Assystem Turkiye
2 Senior Geotechnical Engineer- Turkish Petroleum - Offshore Technology Center, Turkiye
ybatuge@assystem.com

Abstract. Laboratory and in-situ test results in geotechnical site characteriza-
tion are expected to be mutually consistent; however, due to various practical
and geological complications, such consistency is often difficult to achieve.
Developing reliable correlations in region-specific scale between two different
methods when investigating the soil or rocks provides valuable guidance for
geotechnical engineers who may encounter similar conditions in future projects.
In this study, an attempt is made to develop a correlation between P-wave ve-
locity obtained from Seismic Refraction tests and the results of laboratory Uni-
axial Compressive Strength (UCS) tests conducted at four renewable energy
sites in Kingdom of Saudi Arabia. The proposed relationships are evaluated and
compared with correlations available in existing literature.

Keywords: Uniaxial Compressive Strength, P-Wave Velocity, Site Characteri-
zation, Renewable Energy sites.
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SONUC VE ONERILER

* Yenilenebilir Enerji: Artan ihtiyac, cevre dostu ¢6zim
* Yayginlasan uygulamalar muhendislik pratigini gelistiriyor
* Gelismeye acik alan: Yenilikci ve projeye 6zel ¢cozimler

* Saha karakterizasyonunda butiinleyici bir miihendislik yaklasimi: insaat, Jeoloji, Jeofizik,
Geomatik ve alt branslari

Saha 6zelinde gozlemlere dayali projeye 6zel cozimler

* Uygulama ve dékiimantasyon:

* Saha pratiginin dokiimente edilmesi
e Glncel standartlarin takibi
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