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1 INTRODUCTION  

In the sludge incineration unit planned to be built on the land in 12131 lot 7 parcel within the 

borders of Hurma Neighborhood, Konyaaltı District, Antalya Province; The necessary 

examination and calculations were made for the product acceptance unit with a total 

construction area of 1000 m², approximately 20x50m, a turbine building with a total 

construction area of 300 m², approximately 40x50m, a combustion boiler unit with a total 

construction area of 2000 m², approximately 15x35m, and a laboratory-administrative 

building with a total construction area of 500 m², and a geotechnical report was prepared in 

accordance with the Turkish Building Earthquake Regulation 2018.In the report, the data 

report prepared by Toros Geotechnical Engineering Ltd. Co. and the laboratory study results 

prepared by Zemin Engineering Ltd. Co. were used. 

2 INFORMATION ABOUT THE CONSTRUCTION SITE 

The parcel subject to investigation is located in Hurma District of Konyaaltı District. It has a 

flat topography. There are 1-10 storey buildings of residential and commercial  in the region. 

The parcel has an area of 174658 m². 
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3 INFORMATION ABOUT THE STRUCTURE 

According to the information given by the relevant administration in the sludge incineration 

unit planned to be built in the parcel; It is planned to construct a product acceptance unit 

with a total construction area of 1000 m² with dimensions of approximately 20x50m, a 

turbine building with a total construction area of 300 m² with dimensions of approximately 

20x15m, a combustion boiler unit with a total construction area of 2000 m² with dimensions 

of approximately 40x50m, and a laboratory-administrative building with a total construction 

area of 500 m² with dimensions of approximately 15x35m. Since the static preliminary 

calculations of the relevant structures have not been made yet, the building loads coming to 

the foundation, the foundation dimensions and the necessary information about the 

buildings are calculated according to the data given by the relevant administration and the 

preliminary assumptions made by us and taken into account in the report. 
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The building usage class is BKS=1, the building importance coefficient is I=1.5 and the 
BYS=8. 
 

 

 
 

 
SDS=0.910 was  taken from https://tdth.afad.gov.tr" according to the building coordinates 

and accordingly, the Earthquake Design Class is DTS=1a. 

 

4 CURRENT SOIL SURVEYS 

Soil and Foundation Survey category is 2. Within the scope of the current "Soil and 

Foundation Survey Data Report", 1 36m, 1 27m, 3 39m deep ground drilling was carried out 

in the field, and SPT tests were carried out during the drilling phase. The ground is generally 

clay in character. There is a partial filling material up to about 3m. The local ground class is 

ZE. 

 

5 ADDITIONAL GROUND SURVEYS 

 
No additional ground survey has been carried out on the parcel. 
 

 

6 IDEALIZED SOIL PROFILES (LAND SOIL MODEL) AND GROUNDWATER 

CONDITIONS 

 
According to the studies carried out in the field and in the laboratory, the ground is generally 

clay. The local ground class is ZE. The layers detected in the ground along the drilling depth 

are shown in the Table below. 

https://tdth.afad.gov.tr/
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DRILLING 

NO 
DEPTH 

(m) 

LITHOLOGY FORMATION 

 
SK-1 

0.00-2.50 Brown Silty Sand  
Alluvial 

Qal 
2.50-7.00 Brown, silty sandy clay 

7.00-33.00 Grey Silty Clay 

33.00-36.00 
Clay filled with limestone fragments 

Slope Debris 

 
SK-2 

0.00-4.00 
Brown low sand pebbly Clay 

Unit  
Alluvial 

Qal 4.00-6.00 Brown, gravelly clayey sand 

6.00-22.00 Grey Silty Clay 

22.00-27.00 Brown little gravelly sandy clay 

 
 

 
SK-3 

0.00-4.00 Brown Less Gravel Clay Unit  

 
Alluvial 

Qal 

4.00-7.00 Brown Sand Unit 

7.00-30.00 Grey Silty Clay 

30.00-31.50 Grabbly clay of gray color 

31.50-39.00 

Brown coarse limestone 

Blocky clay-filled 

hillside rubble 

 

 
SK-4 

0.00-2.50 Filling Material 
 

Alluvial 

Qal 

2.50-4.00 Brown Clay 

4.00-6.00 Brown clay, sand unit 

6.00-27.00 Grey Silty Clay 

27.50-30.50 Grey coloured Clay with little gravel 

30.50-39.00 
Beige colored, with Clay Bands in 

places 
Limestone 

Jkt-Tekedag fm. 

 
 
 
 

 
SK-5 

0.00-0.50 Filling Material  
 
 
 

 
Alluvial 

Qal 

0.50-3.00 Brown Clay 

3.00-5.50 Brown pebbly sand 

5.50-7.00 
Grey sandy, silty clay 

Unit 

7.00-21.00 Grey Silty Clay 

21.00-23.00 Grey-coloured, gravelly Clay Unit 

23.00-28.00 
Brown limestone fragmented clay 

Unit 

28.00-37.50 
Brown little gravelly sandy clay 

unit 

37.50-39.00 
Beige colored, with Clay Bands in 

places 
Limestone 

Jkt-Tekedag fm. 

 
 

 
According to the Soil Survey Report, groundwater was found in approximately 3m in the 

boreholes drilled in the study area. No rivers or similar active water structures have been 

detected above ground. In order to prevent rainwater and groundwater from damaging the 

structure and the foundation of the building, the existing groundwater level should be 

controlled by carrying out the necessary waterproofing and drainage works. 
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According to the soil survey report, the variable layers and/or discontinuities in the 

foundation soil within the effective depth of the foundation are shown in the Table above. 

 

 

 
 

 

7 DETERMINATION OF GEOTECHNICAL DESIGN PARAMETERS 

The soil parameters to be used in the calculations were determined according to the 

relevant drilling studies, SPT experiments and laboratory results. 

 

8 SEISMICITY 

Data on earthquake ground movement determined on the basis of the Turkey Earthquake 

Hazard Map (https://tdth.afad.gov.tr) of the study area; 

Ss=0.578, S1=0.156 SDS=0.910 SD1=0.577, horizontal design spectrum corner periods 

TA and TB; 

 

 
TA= 0.127, TB= 0.633

https://tdth.afad.gov.tr/
https://tdth.afad.gov.tr/
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Assessment of liquefaction potential in the ground 

According to the Turkish Building Earthquake Code (2018) Section 16.6; 

For buildings with Earthquake Design Class DTS=1, DTS=1a, DTS=2 and DTS=2a 

according to Section 3, it is obligatory to examine whether there is a liquefaction potential in 

sandy soils that fall into the ZD, ZE or ZF group in Table 16.1, which are in the form of a 

continuous layer or thick lenses, except for the cases defined in 16.6.6  , with appropriate 

analysis methods based on field and laboratory experiments, and to report the analysis 

results in detail. Soil liquefaction is defined as a significant decrease in shear strength and 

rigidity of non-cohesive or low cohesive (PI<12%) soils located below the groundwater level 

and up to 20 m from the surface under earthquake shaking in parallel with the increase in 

cavity water pressure. Potentially liquefiable soils have been defined as sand, gravelly sand, 

silty clayey sand, non-plastic silt, and silt-sand mixtures located below the groundwater 

table. 

Although the soil class is ZE, no liquefaction risk has been detected since the conditions are 

not met (PI<12%) in the relevant substances described above. 

 

 

9 EXAMINATION OF BUILDING-GROUND INTERACTION 

9.1 Geotechnical Analysis and Evaluations of the Foundation System 

9.1.1 Superficial Basics 

a) Bearing Strength Analysis 

According to Article 16.8.3.2 of the Turkish Building Earthquake Code (2018), the 

characteristic strength of the foundation bearing capacity qk will be calculated according to 

Equation 16.8a: 

 

 
The bearing power coefficients contained in Equation 16.8a will be calculated according 

to Equation 16.8b: 
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The foundation shape coefficients (s), depth coefficients (d), loading tilt coefficients (i), 

foundation soil slope coefficients (g), foundation base slope coefficients (b), which are 

included as dimensionless correction coefficients in equation 16.8a, will be calculated 

using generally accepted relations based on the literature. 

 
Φ'=0˚ Nq=1 NƔ=0 has been calculated as. Nc=5.10 (Figure 1) 
 
 
The coefficients of loading slope correction, ground slope correction, basic base 

slope correction are calculated in common for all buildings : 

 
Loading skew correction coefficients: 
 

 
 

I
c 

= 
IQ 

 β  2 

= (1 − ) 𝑖 
90 

= 0 (For Φ'=0°) Hanna and Meyerhof (1981) 

 

ic=iq=1 iƔ=1 
 
 
Ground slope correction coefficient: 
 

 

g = 1 − ( 2i ) 𝑔 = g = (1 − diagnosis)2 (For Φ'=0°) Hanna and 
Meyerhof (1981) 

𝑐 𝜋+2 𝑞 γ 

 
gc=1 gq=gƔ=1 
 
 
Basic base slope correction coefficient: 
 

 
 

B
c 

= 1 − ( 2𝛼 ) 𝑏 
𝜋+2 

= 
bγ 

= (1 − αtan∅′)
2 

(For Φ'=0°) Vesic (1975) 

 

bc=1 bq=bƔ=1 

γ 

𝑞 
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The coefficients for correcting the foundation shape and correcting the foundation 

depth are calculated separately for each building : 

 
ADMINISTRATIVE BUILDING - LABORATORY: 

 
B=15m L=35m Df=3m Φ'=0˚ c=54 kN/m² 

 
The coefficients for correcting the basic shape are: 
 

s =1+0.2 𝐵
′ 

s =1 𝑠 =1 (For Φ'=0°) Meyerhof (1963) 

𝑐 
𝐿′ 𝑞 γ 

sc= 1.08 sq= 1.00 sƔ= 1.00 
 
The coefficients for correcting the depth of the foundation are: 
 

d =1+0.4 
Df d =1+2tan∅'(1 − sin∅′)

2 Df 𝑑 Hansen (1970) 

𝑐 𝐵 𝑞 𝐵 𝛾=1 

dc=1.08 dq=1.00 dƔ=1 
 

 
PRODUCT ACCEPTANCE UNIT: 

 
B=20m L=50m Df=9m Φ'=0˚ c=54 kN/m² 

 
The coefficients for correcting the basic shape are: 
 

s =1+0.2 𝐵
′ 

s =1 𝑠 =1 (For Φ'=0°) Meyerhof (1963) 

𝑐 
𝐿′ 𝑞 γ 

sc= 1.08 sq= 1.00 sƔ= 1.00 
 
The coefficients for correcting the depth of the foundation are: 
 

d =1+0.4 
Df d =1+2tan∅'(1 − sin∅′)

2 Df 𝑑 Hansen (1970) 

𝑐 𝐵 𝑞 𝐵 𝛾=1 

dc=1.18 dq=1.00 dƔ=1 



Project Name: 

Zoning Information: ANTALYA Province, KONYAALTI District, HURMA District, ..... Plot, 12131 
Island, Lot 7 

10 Hakan ARSLANGIRAY 
Civil Engineer 

 

 

 
TURBINE BUILDING: 

 
B=15m L=20m Df=3m Φ'=0˚ c=55 kN/m² 
 

 
The coefficients for correcting the basic shape are: 
 

s =1+0.2 𝐵
′ 

s =1 𝑠 =1 (For Φ'=0°) Meyerhof (1963) 

𝑐 
𝐿′ 𝑞 γ 

sc= 1.15 sq= 1.00 sƔ= 1.00 
 
The coefficients for correcting the depth of the foundation are: 
 

d =1+0.4 
Df d =1+2tan∅'(1 − sin∅′)

2 Df 𝑑 Hansen (1970) 

𝑐 𝐵 𝑞 𝐵 𝛾=1 

dc=1.08 dq=1.00 dƔ=1 
 

 
COMBUSTION BOILER: 

 
B=40m L=50m Df=6m Φ'=0˚ c=59 kN/m² 

 
The coefficients for correcting the basic shape are: 
 

s =1+0.2 𝐵
′ 

s =1 𝑠 =1 (For Φ'=0°) Meyerhof (1963) 

𝑐 
𝐿′ 𝑞 γ 

sc= 1.16 sq= 1.00 sƔ= 1.00 
 
The coefficients for correcting the depth of the foundation are: 
 

d =1+0.4 
Df d =1+2tan∅'(1 − sin∅′)

2 Df 𝑑 Hansen (1970) 

𝑐 𝐵 𝑞 𝐵 𝛾=1 

dc=1.06 dq=1.00 dƔ=1 
 

 
According to the coefficients and other values calculated above; 
 

 

ƔRV= 1.4 (TBDY 2018 Table 16.2) 
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 ADMINISTRATIVE 
BUILDING 

PRODUCT 
ACCEPTNCE 
UNIT 

TURBINE 
BUILDIN
G 

COMBUSTION 
BOILER 

c (kN/m2) 54 54 55 59 

Nc 5,1 5,1 5,1 5,1 

Sc 1,08 1,08 1,15 1,16 

dc 1,08 1,18 1,08 1,06 

Ic 1 1 1 1 

Gc 1 1 1 1 

Bc 1 1 1 1 

QK (t/m2) 32,12 35,10 34,84 37,00 

QT (t/m2) 22,94 25,07 24,88 26,43 
 
 
 

 

SPT N30 
AVERAGES 

SK-1 13 

SK-2 18 

SK-3 13 

SK-4 14 

SK-5 22 

AVERAGE 16 

 
Bedding Coefficient: Kv=180N30 = 180*16= 2880 t/m3 (Scott, 1981) 

 
b) Settlement Analysis 

 
ΔH = 31.2 * qnet / NAvg (Raft Basic) (Meyerhof, Terzaghi-Peck) 

 

 

 ADMINISTRATIVE 
BUILDING 

PRODUCT 
ACCEPTAN
CE UNIT 

TURBINE 
BUILDING 

COMBUSTION 
BOILER 

qnet (T/M2) 1,5 25 3 3 

Nort 16 16 16 16 

ΔH 2,925 48,75 5,85 5,85 

 

 
Since the settlement limit conditions are generally not met in the settlement analysis made 

according to the loads coming to the building, it will be appropriate to make a pile raft 

foundation,  the details of which will be explained below. 
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9.2 Soil Improvement Alternatives 

Against the risk of swelling and the risk of damage by the groundwater level to the 

foundation of the structure and the ground under the foundation, it is recommended to 

carry out chemical remediation, pre-wetting, solidification, improvement by one or more of 

the injection type methods, and necessary drainage and insulation. By adding 

approximately 2-8% lime or cement in the improvement with materials such as lime, 

cement, etc., it can be achieved to reduce the plasticity index, increase the permeability 

and shear strength and reduce swelling. 

The material extracted during the excavation in the ground should not be used as filling 

material again. If filling is necessary, it should be compacted in layers of maximum 50 cm 

with stabilized filling material. 

9.3 Recommended Foundation System 

 
The building foundation type should be evaluated by the static project author (depending on 

the superstructure carrier system, element openings and column sections), PILE RAFT 

FOUNDATION should be selected. Although limestone was partially detected at about 40m 

during the drilling works, there is generally no rock floor in the construction area. It is positive 

in terms of application that there is no heaving in the ground in bored piles, the pile length 

can be adjusted according to the conditions on site, and the soil data can be verified during 

excavation. For this reason, it would be appropriate to make cast-in-place reinforced bored 

piles and to make these piles as end piles that sit on limestone ground where possible, and 

as friction piles where not possible. In friction piles, the bearing power can be increased by 

expanding the tip of the pile during manufacturing. According to TBDY conditions, the 

minimum diameter of bored piles should be 35cm. After the pile fabrication, a loading test 

should be carried out on at least two piles and at least 1% of the total number of piles and it 

should be confirmed that the calculation conditions are met on site. 

9.4 Other Considerations Related to Building Foundations 

 
Evaluation of Swelling and Shrinkage Potential 

Since the foundation of the building will sit on a clay floor, there is a possibility of swelling. 

The risk of swelling varies according to the Atterberg limits of the clay floor. According to the 

work of Seed and others (1962); 
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S=60*K*(PI)2.44 

S=Probability of 

swelling % K=3.6*10-

5=0.000036 

PI=Plasticity Index 

S=60*3.6*10-5*(23.90)2.44= 4.98 (%) 

 
According to Chen (1998) studies; S=Be 

A(PI) (B=0.2558, A=0.0838 constants) 

S=0.2558e0.0838(23.90)= 1.89 (%) 

The risk of swelling on the ground where the building foundation will be settled is 

moderate. It is recommended to reduce the risk of swelling by chemical remediation, pre-

wetting, solidification, injection-type methods and necessary drainage and insulation. 

10 SHORING SYSTEMS- SLOPE STABILITY ANALYSIS AND EVALUATION 

There is a basement floor on site. Although clay soils are soils that can hold themselves in 

short-term excavations, according to the preliminary information given to us on site, it is 

recommended to excavate inclined or use shoring systems when excavating the basement, 

since approximately 9m basement excavation will be carried out. If inclined excavation is to 

be done; Approximately 1.0-1.5m wide palliated (straight strip) excavation should be carried 

out every 3m. The excavation slope should be no more than 45°. A 1m wide strip of ground 

should not be loaded from the top edge of the excavation. 

If shoring systems are desired to be used, it may not be appropriate to make steel or 

concrete sheet curtains in order to ensure water tightness. Considering the groundwater; It 

is recommended to make reinforced concrete walls or pile wall systems. Reinforced 

concrete walls can be made by digging a narrow trench and pouring concrete into it or 

placing prefabricated ready-made elements. This application should be supported by 

waterproofing the reinforced concrete elements and installing a drainage system. If a pile 

curtain is arranged, sealing against water can be achieved by overlapping the piles. To 

ensure water tightness, it will be useful to make partially jet grout columns behind the 

curtains. The method to be chosen should be decided by the relevant project designer and 

site manager according to the controls to be carried out on site. 
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Susceptibility of Slopes Under the Influence of Earthquakes 

 
Since the land has a slightly sloping topography and the foundation will be placed on a flat 

ground, the slope stability analysis was not carried out because the buildings are not in the 

building class to be built on and near the natural or artificial slopes in TBDY Article 

16.13.1. 

11 CONCLUSION AND RECOMMENDATIONS 

The values found according to the studies carried out above are given in the Table below. 

 

 
ADMINIST

RATIVE 

BUILDING 

PRODUCT 

ACCEPTANCE 

UNIT 

TURBINE 

BUILDING 

COMBUSTIO

N BOILER 

EARTHQUAKE DESIGN CLASS (DTS) 1a 1a 1a 1a 

BUILDING IMPORTANCE COEFFICIENT (I) 1.5 1.5 1.5 1.5 

SPECTRUM CORNER PERIODS (TA/TB) 0.217/0.633 0.217/0.633 0.217/0.633 0.217/0.633 

GROUND BEARING COEFFICIENT (t/m3) 2880 2880 2880 2880 

LOCAL GROUND CLASS ZE ZE ZE ZE 

DESIGN SPECTRAL ACCELERATION COEFFICIENT 
(SDS) 

0.910 0.910 0.910 0.910 

BUILDING USAGE CLASS (BKS) 1 1 1 1 

BUILDING HEIGHT CLASS (BYS) 8 8 8 8 

GROUNDWATER LEVEL (m) 3 3 3 3 

EARTHQUAKE GROUND MOTION LEVEL DD-2 DD-2 DD-2 DD-2 

CHARACTERISTIC OF THE BASIC BEARING POWER 

STRENGTH QK (t/m2) 
32,12 35,10 34,84 37,00 

BASIC BEARING STRENGTH DESIGN STRENGTH QT 
(T/M2) 

22,94 25,07 24,88 26,43 

 

The building foundation type should be evaluated by the static project designer 

(depending on the superstructure carrier system, element openings and column 

sections), PILE RAFT FOUNDATION should be selected.  

If there is vegetable soil on the ground in the on-site determinations, the vegetable soil 

part should be removed, and the foundation should be placed on the ground below. If it is 

necessary to fill on the foundation due to the elevation difference, the filling should be 

done with appropriate methods by using stabilized filling material and using material in 

accordance with the relevant regulations. In case of removal and filling of vegetable soil, 

the ground must be arranged in such a way that it is a flat topography, and the foundation 

must be placed on a flat ground. 
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In order to prevent rainwater and groundwater from damaging the structure and the 

foundation of the building, the existing groundwater level should be reduced by 

carrying out the necessary waterproofing and drainage works. By insulating and 

pouring concrete under and next to the foundation and pouring groconcrete, the contact 

of the foundation concrete and reinforcements with soil and water should be prevented. 

 
After examining the entire report, the relevant static project designer should make 

the calculations related to this report in the static project and make an on-site 

application by taking this report into account together with the relevant site 

manager. 

 

12 RESOURCES USED 

 
• Özaydın, K., 1999, Soil Mechanics 

• Uzuner, B.A., 1998, Foundation Soil Mechanics 

• Yılmaz, R., 2004, Foundation Construction, Birsen Publication 

• Yıldırım, S., 2004, Soil Investigation and Foundation Design 

• Das, B., 2011, Principles Of Foundation Engineering 

• Turkey Building Earthquake Code (Effective Date: 01/01/2019) 

• Soil and Foundation Survey Application Principles and Report Format (2019) 
 

 

13 ANNEXES 

• Figure 1 Bearing Strength Factors Dependent on Slip Resistance Angle 

• Seismic Hazard Map Report 



Project Name: 

Zoning Information: ANTALYA Province, KONYAALTI District, HURMA District, ..... Plot, 12131 
Island, Lot 7 

16 Hakan ARSLANGIRAY 
Civil Engineer 

 

 

 

 

Figure 1 


