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Geotechnical Calculations for Medieval Chapel

Structural Details and Loadings

BW Building Width 9.00 m
BL Building Length 10.00 m
Bn Number of Floor 1
BH Floor Hight 4.00 m
FW Foundation Width 10.00 m
FL Foundation Length 12.00 m
FT Foundation Thickness 0.50 m
FD Foundation Depth 0.50 m
CBH Connection Beams Hight 0.50 m
yC Unit Volume Weight of R/Conc. 2.50 Ton/m? (TS498)
XG Structural Dead Load 0.25 Ton/m? (TS498)
XQ Structural Live Load 0.50 Ton/m? (TS498)
fg Dead Load Coefficient 1.4
fq Live Load Coefficient 1.6
BA Av. Floor Area 90.00 m? (BW*BL)
BST Av. Floor Thickness 0.33 m (Columns,Beams,Slabs)
WBs Building Weight 73.13 Ton (Bn*yC*BA*BST)
wd Total Building Dead Load 22.50 Ton (Bn)*XG*BA
WG Total Building Load 95.63 Ton (WBs+Wd)
WQ Total Building Live Load 90.00 Ton (Bn+1)*XQ*BA
G Design Building Load 133.88 |Ton (fg*WG)
Q Design Building Live Load 144.00 |Ton (f*wQ)
F Foundation Load 240.00 |Ton (Con. Beams+Fill Weight)
\% Total Design Load 517.88 |Ton (G+Q+F)
(*} Average Foundation Stress 4.32 Ton/m?2  |(V/Area of Foundation)
Corrected SPT-(N1)60 Table
Borehole Field SPT- Stem Effective Cor. Factor| Ener
No  (PePth(m)f '\ e | Lenght |Stress o’ (Cn) Ratio (‘23//0) N60 (N1)60
Cor. (Nt) (Kpa)
9.50 23 0.95 126.45 0.87 45 16.4 14.3
EB-1 12.50 50 1.00 154.92 0.79 45 37.5 29.5
14.00 50 1.00 169.16 0.75 45 37.5 28.2
16.00 50 1.00 188.14 0.71 45 37.5 26.8
Groundwater Level = 370 m Av. Nat. Unit Weight = 19.30 KN/m?
3.00 50 0.75 60.72 1.26 45 28.1 35.3
EB-2 4.50 50 0.85 84.21 1.07 45 31.9 34.0
14.00 50 1.00 183.30 0.72 45 37.5 27.1
16.00 50 1.00 204.16 0.68 45 37.5 25.7
Groundwater Level = 380 m Av. Nat. Unit Weight = 20.24 KN/m3
1.50 30 0.75 30.02 1.79 45 16.9 30.1
EB-3 3.00 34 0.75 60.03 1.26 45 19.1 24.2
9.00 44 0.95 158.51 0.78 45 31.4 24.4
Groundwater Level = 680 m Av. Nat. Unit Weight = 20.01 KN/m3
Average SPT-N = 43.1 Average (N1)60 = 27.1
*USCS — SM - ML - CH Soils Plmax = 25.40
* Uniaxial Pressure Test; — Undrained Shear Strength = 4586 KN/m?
(For Sandy-Silty CLAY Layer)
*USCS — MH Soils Plmax = 23.70
* Triaxial Compression Test; — Cohession = 36.87 KN/m?
— Internal Angle of Friction = 5.7 degree

(For MARL Layer)




¢y = f1*N kN/m? ;

f1 - zemin plastisite endisine bagli katsayi,
N : zeminin SPT direnci , darbe/30cm
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Standart Penetrasyon N Degeri ve Drenajsiz Kayma Mukavemeti iligkisi
(Stroud 1974)

* Stroud (1974) Graph; C' =f1 * N (KN/m?) ForN=27.1and Pl =254;f1 =45 - Cu = 122.14
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SPT N Degeri

SPT N Degeri ile Drenajsiz Kayma Mukavemeti iliskisi (Terzaghi ve Peck,
1967, ve Sowers, 1979)

* Sowers (1978) Graph; For N =27.1 and "SM-ML-CH Soils"; — Cu = 110.00

Soil Parameters Table for Sandy-Silty CLAY Layer

G.S. Factor of Safety 3

Cu Cohesion 4.67 Ton/m?
P Angle of Internal Friction 0.0 Derece
Y Natural Unit Volume Weight 2.02 Ton/m3
Es Modulus of Elasticity - Ton/m?
)\ Poisson Ratio 0.30

WL Groundwater Level 3.70 m




1la) Soil Bearing Capacity Calculation for Sandy-Silty CLAY Layer:
Hansen Equation (= C*N*Sc*Feq+ v’ s*Dr*Ng*Sq*Foat+ V2™’ s*B*N,*S,*F,q)

Bearing Capacity Factors: Shape Factors: Depth Factors:

Nc = 5.14 Sc = 1.16 Fed = 0.98
Ng = 1.00 Sq = 1.00 Fqgd = 1.00
Ny = 0.00 Sy = 0.67 Fyd = 0.00
Effective Stress beneath Foundation: o' = [ 1.01  |Ton/m?

Bearing Capacity, gf = 28.37 Ton/m?

Allowable Bearing capacity of CLAY = 9.46 Ton/m?>  Safe...

Soil Parameters Table for MARL Layer

G.S. Factor of Safety 3

Cu Cohesion 3.76 Ton/m?
) Angle of Internal Friction 5.7 Derece
Y Natural Unit Volume Weight 2.02 Ton/m?
Es Modulus of Elasticity - Ton/m?
v Poisson Ratio 0.30

WL Groundwater Level 3.70 m

1b) Soil Bearing Capacity Calculation for MARL Layer:
Hansen Equation (= C*N*S*Feg+ v's* DNy *Sy*Fqat 2™y’ s*B*N,*S,*F, )

Bearing Capacity Factors: Shape Factors: Depth Factors:

Nc = 6.71 Sc = 1.16 Fed = 0.98
Ng = 1.67 Sq= 1.00 Fagd = 1.00
Ny = 0.53 Sy = 0.67 Fyd = 0.00
Effective Stress beneath Foundation: o' = | 1.01 ITon/m2

Bearing Capacity, qf = 30.44 Ton/m?

Allowable Bearing capacity of MARL = 10.15 Ton/m?>  Safe...

1c) Rock Bearing Capacity Calculation for SAND STONE Layer:

Quit (N1hai tasima giicii) = G¢j [\g + (m Js + $)"]

(Hoek-Brown Yield Criteria)

Assumed GSI value; 30
Assumed "mi" value; 15
Assumed "D" value; 0.6
iy, = 1 Eﬁip[ M| m= 0.42173
b 28 214D - ‘
s= exp| Z3100] s= 0.00006
L9-_3p - ‘

o=t 4 L(eosis _ 2003 a= [ 052279 |

2 6



oci = 12%Is(s0)

Point Load Bearing Index Table

Location Sample Min. Iseo) Avr. lss0) Max. Is(so)
Number (kg/cm?) (kg/cm?) (kg/cm?)
EB-1 6 19.20 27.54 38.29
EB-2 2 10.41 15.15 19.90
EB-3 5 15.03 21.42 25.83
Average Min. Point Load Bearing Index = 14.88 kg/cm?
Average Halfway Point Load Bearing Index = 21.37 kg/cm?
Average Max. Point Load Bearing Index = 28.01 kg/cm?
Min. Oci = 178.55 |kg/cm?
Avr. Oci = 256.46 |kg/cm?
Max. Oci = 336.07 |kg/cm? is expected.
According to above values; Min. Ultimate Bearing Capacity (qumin) =| 10.42 |kg/cm?
Avr. Ultimate Bearing Capacity (Quar.) =[ 14.97 |kg/cm?
Max. Ultimate Bearing Capacity (Qumax) =| 19.62 |kg/cm?
In conservative case, Allowable Bearing capacity of SAND STONE = 3.47  |kg/lcm?
In halfway case, Allowable Bearing capacity of SAND STONE = 499 |kg/cm?
In optimist case, Allowable Bearing capacity of SAND STONE = 6.54 |kg/cm?

Regarding to use safe data, the values that is obtained above is assessed by Simpson Average method.
(weightly conservative case value is used)

Osf= | 424 |kglem? >

(Allowable Bearing capacity of SAND STONE)

42.38 Ton/m?

Ahmet S6nmeziler
Civil Engineer
(Geotechnical Engineer)
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Figure 2. Field work for EB-3 and SB-3 Boreholes.
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Figure 4. Borehole logging of SB-3
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Figure 5. Borehole logging of EB-3
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Figure 6. General view of the study area (SB-1, EB-1, SB-2 and EB-2 Boreholes).

Figure 7. Borehole logging of SB-1
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PAGE
LOG rs 12
PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 13.05.2015
GROUND LEVEL 0,30 m DATE COMPLETED 13.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 3.70 m
COORDINATES X 642656
Y | 3947482
2 STANDART PENETRATION TEST E =
= g e
E = 2 Number of Blows Graph GEOTECHNICAL LEGEND FRERE
= : | F s _[e DESCRIPTION SlE|E|2 2
g = E |=g|TelIg| N HHHHEB
a B 72} &9 | Mrele 10 20 30 40 50 % |2 |& |O &
Concrete (0.00-1.00 m)
— 1.00 -
—— 2.00
- 27
— 3.00 —_—
— 4.00 23
Yellowish cream, Moderately
strong, |
L 5.00 - c Slightly weathered I
SANDSTONE
— 24
(1.00-8.80m)
— 6.00 —
L 7.00 L
— 8.00
| 15
— 9.00 - Yellowish, dark grey,
Medium dense
SPT 9.50 I SAND
— 10.00] 1 oosm 13 | 11 | 12 | 23 " (8.80-10.00 m)
| 3
| K Greenish grey, lamella,
—— 11.00 moderately
c 'y weathered,
M Hard MARL
12.00- A (10.00-20.00m) i
Core very fractured,
gPT}gggm 25 | 32 |50/15] R W [[| sometimes very weak
—— 13.00 : and moderately weathered
up 13.20
| 13.50n
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penetration test
N . Standart penetration resistance
o, 1 Wid W D  : Disturbed sample
0-25 % Very poor T_z Mi)dcerale M uD : Undisturb;d san:plc
25-50 %  Poor G : Core sample
0 : 2-10  Close Cl e
50-75 % Fair X : X-ray diffraction sample
SR Gond e sl i incers : Naim KORKMAZCAN : .
90-100% Excellent 20 Crushed i Drilling Engineers : Samiye INCE Signature:

| MASTERMAP LTD. STi
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PAGE
NO 2/2

PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 13.05.2015
GROUND LEVEL 0,30 m DATE COMPLETED 13.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 3.70 m
COORDINATES X | 642656
Y | 3947482
2 STANDART PENETRATION TEST E|=
= S
£ [:.‘j 2 Number of Blows Graph GEOTECHNICAL LEGEND £ |2 |2
= = = |5 |8 |2 |e
B, £ g S . |@ DESCRIPTION 122 |2 |2
] g 5 [2e|[7E|2EIN £[5|2(e|8
a B 72} &9 | Mrele 10 20 30 40 50 % |2 |& |O &
— 14.001 spT4.00 B_32_[50/30 R L a
| 3 14.15m
—— 15.004 Greenish grey, lamella,
| moderately
weathered,
16.00- i Hard MARL
o0 28 | 34 5015 R ® 1| (10.00-20.00m)
— 4 16.30m
Core very fractured, I 1
—— 17.00 sometimes very weak
and moderately weathered
—— 18.00 c
—— 19.00
— 20.00
- END OF BOREHOLE
21.00 20.00m
— 22,00
— 23.00
— 24.00-
—— 25.00
— 26.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penetration test
N . Standart penetration resistance
0 <1 Wid w D : Disturbed sample
2;2_20 ;’ ]\:221,' POOL 1-2 Mi)dcerale M UD : Undisturbed sample
50-75 (y: Fair 2-10 Close Cl ()_( ()_(l)rf: sgr};‘fl?le i 1
7500 % Good 10_20 Intense I - . -l’Z]yA 1irac lon’\slal.np eKORKMAZCAN ‘
90-100% Excellent >20 Crushed i Drilling Engineers : Saa::?ye INCE Signature:

| MASTERMAP LTD. STi
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PAGE
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PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 15.05.2015
GROUND LEVEL 0,30 m DATE COMPLETED 15.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 3,80 m
COORDINATES X 642659
Y | 3947478
2 STANDART PENETRATION TEST E =
= S
E = . Number of Blows Graph GEOTECHNICAL LEGEND w2 |2
< b = = |5 (2|2 |
2 | 3| B |25%s|3s5|N DESCRIPTION Bl215 |22
a B 72} 0| MR e 10 20 30 40 50 5;&58
1.00 1 Yellowish cream, weak,
- moderately weathered TR 0
SANDSTONE
— 2.00 - c (0.00-3.00m)
3.00 1 SPT 300 23 [ 32 [50/10] R W]
— 1 3.35m Brown
Hard Silty Clay
—— 4.00 - 3.00-4.00m)
SPT 4.50 19 29 |50/115] R ‘____
5.00 - 2 4.80m
— 6.00
— 7.00
. Greenish grey, lamella,
— 8.00 - moderately
weathered, weak,
Hard MARL
L 9.00 | (4.00-20.00m) ulm
Core very fractured,
= | sometimes very weak
—— 10.00 c and moderately weathered
— 11.00-
—— 12.004
— 13.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penelrmion test
N . Standart penetration resistance
o, <] Wid W D : Disturbed sample
0-25 DA) Very poor 12 Mi)dcerale M UD : Undisturbed sample
25-50 % POF)r 210 Clos Cl C  : Core sample
50-75 % Fair =5 X : X-ray diffraction sample
75-90 % Good Sl ; e : Naim KORKMAZCAN :
90-100% Excellent >20  Crushed Ct Drilling Engineers : Samiye INCE Signature:

L
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PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 15.05.2015
GROUND LEVEL 0,30 m DATE COMPLETED 15.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 3,80 m
COORDINATES X | 642659
Y | 3947478
2 STANDART PENETRATION TEST E|=
= S
E E:-N_‘ . Number of Blows Graph GEOTECHNICAL LEGEND w2 |2
= = = |5 |8 |2 |e
£ | 2|8 |o.]eelgeln DESCRIPTION HIHIEREAE
) - \ S |2
= = & 2|2 F° 10 20 30 40 50 |2 |E|S |8
— 14.00 sPT14.00 3750730 R L a
| 3 14.15m)
— 15.00 c Greenish grey, lamella,
| moderately
weathered, weak,
L 16.00 Hard MARL
= T leged2z 28 s0nol R @ (4.00-20.00m)
Core very fractured,
17.00 sometimes very weak
and moderately weathered
— 18.00 &
— UD 18.50
1
L 19.00 =
— 20.00
- END OF BOREHOLE
21.00 20.00m
— 22,00
— 23.00
— 24.00-
—— 25.00
— 26.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penetration test
N . Standart penetration resistance
0 <1 Wid w D : Disturbed sample
2;2_20 ;’ ]\:221,' POOL 1-2 Mi)dcerale M UD : Undisturbed sample
50-75 (y: Fair 2-10 Close Cl ()_( ()_(l)rf: sgr};‘fl?le i 1
75_90 % Good 10_20 lmense l : H -rayA 1irac lOll’\Slal:n[) eKORKMAZCAN :
90-100% Excellent >20 Crushed i Drilling Engineers : Saa::?ye INCE Signature:

| MASTERMAP LTD. STi

e,
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PAGE
LOG rs 12
PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 08.05.2015
GROUND LEVEL 0,50 m DATE COMPLETED 08.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 6.80 m
COORDINATES X 642652
Y | 3947495
2 STANDART PENETRATION TEST E|=
= g e
E E:-N_‘ . Number of Blows Graph GEOTECHNICAL LEGEND w2 |2
= = = |5 (2 |8 |
B, £ g S . |@ DESCRIPTION B2 |2 |2 |2
] g 5 [2e|[7E|2EIN £[5|2(e|8
a B 72} &9 | Mrele 10 20 30 40 50 % |2 |& |O &
— 1.00 -
ST 18 | 16 | 14 | 30 Yellowish cream,
—— 2.00 - ’ 3 Highly weathered \Y; —
| SANDSTONE
b
— 3.00 I (0.00-4.00m)
- > o 14| 18] 16 | 34 & 12
— 4.00 | :
—— 5.00 .
— Yellowish cream, weak,
_ Slightly weathered
L c ] SANDSTONE thl L
. - (4.00-8.00m)
[ 8.00 1 Grey, Conglomerate
(8.00-850m) g Povog Yocog
—— 9.00 :
- ST 12 [ 16 | 28 | 44 |
= Brown,
—— 10.00; Hard Sandy Silt
- (8.50-12.20m)
L 11.00- - sometimes very
weak levels
—— 12.004
— 13.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penetration test
N . Standart penetration resistance
- o, <1 Wide w D : Disturbed sample
252_20 02 ]\:221,' POOL 12 Moderate M l:lD l{ndisturbed sample
50-75 % Fair 2-10 Close Cl ()_( ()_(l)rf: sgr};‘fl?le ti |
75_90 % Good 10_20 lmense l H -ray diffraction Sal.“[) ¢
90-100% Excellent >20  Crushed Cr Drilling Engineers : g:ﬂyﬁ?ﬁgyAZCAN Signature:

| MASTERMAP LTD. STi

GE.TEE;[‘
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PAGE
NO 212

PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 08.05.2015
GROUND LEVEL 0,50 m DATE COMPLETED 08.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 6.80 m
COORDINATES X 642652
Y | 3947495
2 STANDART PENETRATION TEST E|=
= S
£ = 2 Number of Blows Graph GEOTECHNICAL LEGEND £ |2 |2
= 5 = £15 2|8 |
) - \ S |2
= = & 2|2 F° 10 20 30 40 50 |2 |E|S |8
UD 13.50
-— 1 3.801
— 14.00] !
— 15.00 Greenish grey, lamella,
- moderately
weathered, weak,
= (12.20-20.00m)
Cc
Core very fractured,
17.00; sometimes very weak
and moderately weathered
—— 18.00
— 19.00 uD 19,00J
L 2 1950
— 20.00
- END OF BOREHOLE
20.00m
— 21.00
— 22,00
— 23.00
— 24.00-
—— 25.00
— 26.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penetration test
N . Standart penetration resistance
0 <1 Wid w D : Disturbed sample
0-25 % Very poor 1-2 Mi)dcerale M UD : Undisturbed sample
25-50 %  Poor G : Core sample
50-75 % Fair 2-10 Close ca X : X-ray diffraction sample
75-90 % Good sy T J i : Naim KORKMAZCAN i
90-100% Excellent >20 Crushed i Drilling Engineers : Samiye INCE Signature:

| MASTERMAP LTD. STi
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BOREHOLE
GEOTEST BOREHOLE No | 5B
PAGE
LOG rs 112
PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 12.05.2015
GROUND LEVEL 0.30 m DATE COMPLETED 12.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 3.70 m
COORDINATES X 642659
Y | 3947482
2 STANDART PENETRATION TEST E =
= S
E E:-‘j . Number of Blows Graph GEOTECHNICAL LEGEND w2 |2
= = =[5 [2 |§ |e
B, £ g S . |@ DESCRIPTION B2 |2 |2 |2
] g 5 [2e|[7E|2EIN £[5|2(e|8
a B 72} &9 | Mrele 10 20 30 40 50 % |2 |& |O &
— 1.00 -
- Concrete
(0.00-2.70 m)
—— 2.00
3.00 1 Yellowish brown, I 32
= slightly weathered
some levels moderately
—— 4.00 - weathered
SANDSTONE
(2.70-5.00m) ]
—— 5.00
ish grey, lamella
— MARL
L 6.00 - (5.00-6.00m) !
1SPT gg(s)m 15 13 14 27 ! g:ée very fraclu::::gzzgmes very weak
| Yellowish, dark grey,
— 7.00 4 Medium dense
SAND (6.00-7.00 m)
— 8.00 -
— 9.00 -
Greenish grey, lamella,
— moderately
—— 10.00 weathered,
| MARL
- (7.00-20.00m) 1l
11901 Core very fractured,
sometimes very weak
12.00/ and moderately weathered
— 13.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penetration test
N . Standart penetration resistance
o, <] Wid W D : Disturbed sample
(2);2;0 02 ]\:zal_ POOL 12 Mi)dcerale M gD 3 léndisturbeld sample
H ore sample
50-75 % Fair 2-10 = Close c X i X-ray difg‘action sample
75-90 % Good 10-20 Intense I - - Naim KORKMAZCAN -
90-100% Excellent >20  Crushed Cr Drilling Engineers : Saa::?ye EE Signature:

GE.TES"["'

| MASTERMAP LTD. STi

Zemin Kaya ve Yags Malsemederd Laborsturs:
i L et oy i s, e




GEOTEST

BOREHOLE

LOG

BORESOLE SB-1
PAGE
NO 2/2

PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 12.05.2015
GROUND LEVEL 0.30 m DATE COMPLETED 12.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 3.70 m
COORDINATES X 642659
Y | 3947482
2 STANDART PENETRATION TEST E|=
= S
E = g Number of Blows Graph GEOTECHNICAL « |3 |2
s | 2| 3 LEGEND |. £ |3 |5 ],
B, £ £ S . |@ DESCRIPTION 2|22 2|2
] g 5 [2e|[7E|2EIN £[5|2(e|8
a B 72} &9 | Mrele 10 20 30 40 50 % |2 |& |O &
— 14.00
—— 15.00- Greenish grey, lamella,
| moderately
weathered,
- ] MARL
— 16,00 (7.00-20.00m)
I
Core very fractured,
— 17.00- sometimes very weak
and moderately weathered
—— 18.00
—— 19.00
— 20.00
- END OF BOREHOLE
20.00m
— 21.00
— 22,00
— 23.00
— 24.00
—— 25.00
— 26.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penelrmion test
N . Standart penetration resistance
0 <1 Wid w D : Disturbed sample
0-25 DA) Very poor 1-2 Mi)dcerale M UD : Undisturbed sample
25-50 % POF)F 210 Close cl C  : Core sample
50-75 % Fair 5 X : X-ray diffraction sample
75-90 % Good Sl ] e : Naim KORKMAZCAN :
90-100% Excellent >20 Crushed i Drilling Engineers : Samiye INCE Signature:

MASTERMAP LTD. §Ti




GEOTEST

BOREHOLE

LOG

BOREHOLE

EHOLE | gp.2
PAGE
s 112

PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 14.05.2015
GROUND LEVEL 0,30 m DATE COMPLETED 14.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 3.80 m
COORDINATES X 642657
Y | 3947479
2 STANDART PENETRATION TEST E =
= g e
E E:-‘j . Number of Blows Graph GEOTECHNICAL LEGEND w2 |2
= = = |5 (2 |8 |
B, £ g S . |@ DESCRIPTION B2 |2 |2 |2
] g 5 [2e|[7E|2EIN £[5|2(e|8
a B 72} &9 | Mrele 10 20 30 40 50 % |2 |& |O &
— 1.00 -
| Yellowish cream, I
Slightly weathered
— 2.00 1 SANDSTONE
- (0.00-3.50m)
— 3.00
Brown
— 4.00 | Hard Silty Clay
SPT 4.50 22150730 R W11 1={3:50-4.50m)
5.00 - 1 4.65m
— 6.00 1 spT 6.00 7|10 [50/35] K o
2 6.10m
— 7.00
Greenish grey, lamella,
L moderately
weathered,
—— 8.00 - Hard MARL
(4.50-20.00m)
1l
— 9.00 1 SPT 9.00 N 201500 R W7 Core very fractured,
3 9.15m sometimes very weak
— and moderately weathered
— 10.00
— 11.00-
—— 12.004
— 13.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penetration test
N . Standart penetration resistance
0 <1 Wid w D : Disturbed sample
2;2;0 02 ]\:zal_ POOL 12 Mi)dcerale M uD Undisturbed sample
50-75 % Fair 2-10 Close Cl ()_( ()_(l)re s:rv];‘fl?le ti |
75_90 % Good 10_20 lmense l : H -ray. 1irac lonr\slal.nn eKORKMAZCAN :
90-100% Excellent >20  Crushed Cr Drilling Engineers : Saa::?ye EE Signature:

| MASTERMAP LTD. STi

GE.TEST




GEOTEST

BOREHOLE

LOG

BOREHOLE
i SB-2
PAGE
NO 2/2

PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 14.05.2015
GROUND LEVEL 0,30 m DATE COMPLETED 14.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 3.80 m
COORDINATES X 642657
Y | 3947479
2 STANDART PENETRATION TEST E|=
= S
E = g Number of Blows Graph GEOTECHNICAL « |3 |2
E =~ | g LEGEND | || |¢|.
7] = 5 | & =
B, £ £ S . |@ DESCRIPTION 2|25 | |2
] g 5 [2e|[7E|2EIN £[5|2(e|8
= = 7] N R 10 20 30 40 50 @ |z |2 [0 |=
— 14.00
15.00
| Greenish grey, lamella,
moderately
weathered,
16.00 Hard MARL i
= (4.50-20.00m)
—— 17.00 Core very fractured,
sometimes very weak
and moderately weathered
—— 18.00
—— 19.00
— 20.00
- END OF BOREHOLE
20.00m
— 21.00
— 22,00
— 23.00
— 24.00
—— 25.00
— 26.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penelrmion test
N . Standart penetration resistance
0 <1 Wid w D : Disturbed sample
2;2_20 ;’ ]\:221,' POOL 1-2 Mi)dcerale M UD : Undisturbed sample
50-75 (yn Fair 2-10 Close Cl ()_( ()_(ore sample .
S 7 . X-ray diffraction sample
75-90 % Good Sl ] e : Naim KORKMAZCAN :
90-100% Excellent >20 Crushed i Drilling Engineers : Samiye INCE Signature:

MASTERMAP LTD. §Ti




BOREHOLE
GEOTEST BOREHOLE no | 5B
PAGE
LOG rs 12
PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 07.05.2015
GROUND LEVEL 0,50 m DATE COMPLETED 07.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 6.80 m
COORDINATES X 642651
Y | 3947495
2 STANDART PENETRATION TEST E =
= g e
£ = 2 Number of Blows Graph GEOTECHNICAL £ |2 |2
£ = | 3 LEGEND | |£ |3 ||,
7] = 5 | & =
B, £ £ S . |@ DESCRIPTION 2|25 | |2
B = E |eg|7e|TE|IN AR
= = 7] 2|2 F° 10 20 30 40 50 Z |z |£ |3 |2
— 1.00 -
— 2.00 - Yellowish cream, B
- Slightly weathered 48
- SANDSTONE I
— (0.00-5.50m) —
24
—— 4.00 —
—— 5.00
— 6.00
— 7.00 1 Brown
= I Hard Sandy Silt
— 200 1SPT ;I:ggm 10 | 14 | 32 | 48 1 (5.50-10.00m)
— 9.00 -
— 10.004 spT10.00 N 32 [B0/A0 R W]
- 2 10.15m :
Greenish grey, lamella,
- moderately
— 11.001 weathered,
Hard MARL
(10.00-20.00m)
—— 12.004
Core very fractured,
sometimes very weak
L 13.00- and moderately weathered
[ sPT13.00 |25 50730 R o A0
3 13.30m [
111
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penetration test
N . Standart penetration resistance
o, <] Wid W D : Disturbed sample
0-25 DA) Very poor 12 Mi)dcerale M UD : Undisturbed sample
25-50 % POF)F 210 Clos cl C  : Core sample
50-75 % Fair =5 X : X-ray diffraction sample
75-90 % Good sy T 4 i : Naim KORKMAZCAN i
90-100% Excellent >20  Crushed Ct Drilling Engineers : Samiye INCE Signature:

| MASTERMAP LTD. STi

i 11 T



GEOTEST

BOREHOLE

BOREHOLE

LOG

EHOLE| gp.3
PAGE
s 2/2

PROJECT APOSTOLOS ANDREAS MONASTERY| BORING METHOD Rotary core drilling
BOREHOLE LOCATION Karpasia DATE COMMENCED 07.05.2015
GROUND LEVEL 0,50 m DATE COMPLETED 07.05.2015
BOREHOLE DEPTH 20.00 m GROUNDWATER LEVEL | 6.80 m
COORDINATES X | 642651
Y | 3947495
2 STANDART PENETRATION TEST E|=
= S
E E:-N_‘ . Number of Blows Graph GEOTECHNICAL LEGEND w2 |2
= = = |5 |8 |2 |e
B, £ g S . |@ DESCRIPTION 2|25 | |2
B = E |wg|%e|TE| N El13 (2518
a B 72} &9 | Mrele 10 20 30 40 50 % |2 |& |O &
— 14.00
— 15.00
| Greenish grey, lamella,
moderately
| weathered,
16.00 Hard MARL
. (10.00-20.00m)
— 17.00 Core very fractured,
— sometimes very weak
[ and moderately weathered
— 18.00
— 19.00
— 20.00;
[ END OF BOREHOLE
21.00 20.00m
— 22.00
— 23.00
— 24.00
— 25.00
— 26.00
STRENGTH (Rocks) WEATHERING FINE GRAINED COARSE GRAINED
I Very weak (1-5 MPa) I Fresh N=0-2 Very soft N=0-4 Very loose
Il Weak (5-25 MPa) 11 Slightly weathered N=3-5 Soft N=4-10 Loose
[II  Moderately strong (25-50 MPa) | 11  Moderately weathered N=6-9 Firm N=10-30 Medium dense
IV Strong (50-100 MPa) IV~ Highly weathered N=10-16 Stiff N=30-50 Dense
V  Very strong (100-250 MPa) V  Completely weathered N=17-30 Very stiff N >50 Very dense
VI  Extremely strong (>250 Mpa) VI Residual soil N >30 Hard
Rock Quality Designation (RQD) FRACTURE INDEX/m SPT : Standart penetration test
N . Standart penetration resistance
0 <1 Wid w D : Disturbed sample
2;2_20 ;’ ]\:221,' POOL 1-2 Mi)dcerale M UD : Undisturbed sample
50-75 (y: Fair 2-10 Close Cl ()_( ()_(l)rf: sgr};‘fl?le i 1
75_90 % Good 10_20 lmense l : H -rayA 1irac lOll’\Slal:n[) eKORKMAZCAN :
90-100% Excellent >20 Crushed i Drilling Engineers : Saa::?ye INCE Signature:

MASTERMAP LTD. §Ti
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APOSTOLOS ANDREAS MONASTERY BOREHOLE LOGGING AND
ON'S

EB-3

GB

B B O PP PP T Y Y W Py s e

X oepthe2000m
642652
y=3047495
20,50
GWL=0.80 m

+ SB-1

Depth=20,00 m

x=642659
y=3947482

220,30
GWL=3,70 m

EB-2

GEOLOGICAL SECTE

Depth=20,00 m
x=642659
y=3947478

2=0,30
GWL=3,80 m

D/GD

Y  oopnzooom
y=3947478

290,30
GWL=3,80 m

Depth=20,00 m

x=642651

y=3947495
220,50 220,50
GWL=6,80 m GWL=6,80 m

20,
GWL=370m

LEJANT

- Concrete
Yellowish cream, weak,
moderately weathered
SANDSTONE

- Yellowish cream, SANDSTONE

Grey, Conglomerate

Brown

Hard Silty Clay

Brown,
Hard Sandy Silt

Yellowish, dark grey, SAND

- Yellowish, dark grey, SAND
- Greenish grey, Hard MARL

Groundwater Level

Unscaled

1/100

NORTH
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1. PURPOSE AND SCOPE

In Apostolos Andreas Monastery — Medieval Chapel Refurbishment Project is planned
in Dipkarpaz Municipality — Iskele District. In May 2015, three exploratory boreholes are
carried out to the planned area of refurbishment project in scope of Geotechnical investigation
works. This report is prepared by considering the laboratory test results obtained from the

samples by boreholing. Planning will go on towards with this report.

This report includes geotechnical evaluations about subsoil and present building and
required precautions that should be taken and some suggestions as a part of improvement
plan. In the light of this works, geotechnical report is prepared for investigation of region,
stratigraphy of lythologic units and their geotechnical properties such as bearing capacity,
swelling and soil liquefaction with other risk frames and it will also includes the assessments

for improvement plan availability.

2. SEISMICITY

SEISMIC HAZARD MAY
OF CYPRUS

-
bt ™

Figure 2.1- Cyprus seismic risk maps

Cyprus seismic acceleration map is prepared. The variation of acceleration of seismic
waves according to the soil in different places is shown in this map in Figure 2.2, during the

earthquake.



KIBRIS' IN DEPREM IVMELERI HARITASI

Figure 2.2: Seismic Acceleration Map

3. GEOTECHNICAL BOREHOLING WORKS AND FIELD TESTS

Exploratory boreholes are carried out for; stratification of soil-rock formations,
determination of physical properties and manifesting of index and strength parameters.

3.1. Boreholings

In 13.05.2015, three exploratory boreholes with total depths of (3x20m) 60.0 m and
three satellite boreholes with total depths of (3x20m) 60.0 m are carried out in investigation
area by using Rotary boreholing machine mounted on lorry. As a boreholing technic, rotary

wet system is used and proper samples are taken with some cores.

SPT Tests are carried out for determination of stiffness of passed units and taking
some disturbed samples. Rock samples are taken by using core. In some thinner material
including zones such as clay and silts, some undisturbed (UD) samples are also taken.

Borehole coordinates and depths are given in Table 3.1 below.



Table 3.1: Borehole Coordinates and Depths (6 Degree UTM) 1/25,000

Coordinates
Borehole To the Right 09 e U () Borehole depth (m)
EB-1 642656 3947482 20.0
EB-2 642659 3947478 20.0
EB-3 642652 3947495 20.0
SB-1 642659 3947482 20.0
SB-2 642657 3947479 20.0
SB-3 642651 3947495 20.0

4. GEOTECHNICAL PROPERTIES OF INVESTIGATED AREA

4.1. Determination of Mechanical Properties of Soils

SPT results obtained in the field within varied depths are corrected and given in the
Table 4.1 below.

BorNego'e Dgg;“ SFFi’('aI'l-dN Lsetnegnr]n ggggg\f CoriCFr?)Ctor Elggtri%y N60 | (N1)60
Value Cor. (Nt) (Kpa) (%)
9.50 23 0.95 126.45 0.87 45 16.4 14.3
12.50 50 1.00 154.92 0.79 45 375 29.5
=t 00 50 1.00 169.16 0.75 45 375 28.2
16.00 50 1.00 188.14 0.71 45 375 26.8
Groundwater Level = 3.70 m Av. Nat. Unit Weight = 19.30 KN/m?
sorente] pepn | S9, | S | Sleeles | con pacor | S0 || e
Value Cor. (Nt) (Kpa) (%)
3.00 50 0.75 60.72 1.26 45 28.1 35.3
4.50 50 0.85 84.21 1.07 45 31.9 34.0
=82 14.00 50 1.00 183.30 0.72 45 37.5 271
16.00 50 1.00 204.16 0.68 45 37.5 25.7
Groundwater Level = 3.80 m Av. Nat. Unit Weight = 20.24 KN/m?
BorNego'e Dfn‘:;h SFFi’?I'l-dN LSetnegnf]lt 53222“5 Cortgr?)ctor EQ:tri%y N60 | (N1)60
Value Cor. (Nt) (Kpa) (%)
1.50 30 0.75 30.02 1.79 45 16.9 30.1
EB-3 3.00 34 0.75 60.03 1.26 45 19.1 24.2
9.00 44 0.95 158.51 0.78 45 314 24.4
Groundwater Level = 6.80 m Av. Nat. Unit Weight = 20.01 KN/m?




5. GEOTECHNICAL PROPERTIES OF SOIL AND ROCK LAYERS

5.1. Dynamic and Elastic Parameters of Soil

Table 5.1: Soil Groups
_ Sl el Uniaxial Shear _
Soil S e off S5 @ BT, Compact. Press. Strength |  Wave Velocity
Group (N/30) (%) (kPa) (mfs)
1. Very disintegrated
metamorphic and cemented o o -
sedimentary rocks that has soft <500 400-700
(C) discontinuity planes...
2. Medium tight sand, gravel... 10-30 35—-65 — 200-400
3. Stiff clay and silty clay... 8-16 — 100-200 200-300

Since silty clay and marl units are assumed to be stiff and sandstone units are accepted

as very disintegrated metamorphic and cemented sedimentary rocks that has soft discontinuity

planes, general subsoil is projected within Group C.

Table 5.2:

Local Soil Category

Local Soil According to Table 5.1, Soil Group and
Category Upper Soil Layer Thickness (h;)

h; > 15 m Group (B) Soils
Z2 *k*k

h; <15 m Group (C) Soils ***

Since the thickness of Group C soils within investigated depth is less than 15 m, local

soil category is assessed as Z2.

Table 5.3: Spectrum Characteristic Periods (Ta, Tg)

Local Soil Ta T
Category (second) (second)
Z1 0.10 0.30
Z2 *** 0.15 *** 0.40 ***
Z3 0.15 0.60
Z4 0.20 0.90

Spectrum characteristic periods for Z2 soils are;

Ta(second) =0.15 Tg(second) =0.40

values should be taken.




5.2. Swelling, Bearing Capacity Analyses and Soil Liquefaction and Assessment

According to the investigated area evaluations and borehole observations, upper units
are classified as Sand Stone, beneath units are classified as Sandy-Silty CLAY and at the end
of borehole units are classified as MARL. Geotechnical assessments will be carried out

weightily in this sense.

5.2.1. Atterberg Limits and Swelling Potential

Swelling potential of CLAY and MARL units are evaluated by Plasticity Index data
according to the given Table 5.4 below.

Table 5.4: Determination of Plasticity Degree according to Plasticity Index (Leonards, 1962)

Plasticity Index PI (%) Plasticity Degree Dry Strength
0-5 Non-Plastic Very Low
5-15 Low Plastic Low

15-40 Plastic Medium
>40 High Plastic High

Table 5.5: Classification of Swelling Soils (O’Neil and Poormoayed, 1980)

1O [ruasriormy omes [SUELLHG  [classoaTion | oF
<50 <25 <0,5 Low

50-60 25-35 0,5-1,5 Medium

>60 >35 >1,5 High

CLAY and MARL units are evaluated as having Medium Swelling potential in

respect to index properties.

5.2.2. Bearing Capacity Calculations
Most commonly used formula in order to calculate bearing capacity for shallow

foundations on soil is Hansen Equation, as given below.

gf= c*Nc*Sc*Fcd+ y*Df*Nq*Sq*Fqd+ 2*0’s*B*Ny*Sy*Fyd
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In here;

qf=Bearing capacity of shallow foundation (Ton/m?), y =Unit Weight of Soil (Ton/m®),

c= Cohesion (Ton/m?),

B=Foundation width (m), Df=Foundation depth (m), Nc, Ng, Ny; Bearing capacity factors,

Sc, Sq, Sy; Shape Factors, Fcd, Fqd, Fyd; Depth Factors.

In bearing capacity calculations for rock formations, Hoek-Brown Yield criteria

should also be considered as given below.
quit (Nihai tasima giicii) = 6¢; [v's + (m/s +5)°]
In here;

"oci”, Uniaxial Compression strength value (UCS) of rock.

"m", "s" and "a" are experimental constants that are obtained from Geologic Strength Index

(GSI). By getting GSI Values tables given below can be used.

By means of GSI values from the table 5.2.2.1. and table 5.2.2.2. "m", "s" and "a" constants
can be obtained. Equations that can be used for those constants are

(GSI—100) [ GSI—-100} -

[ GSI—1 ¢ GST—100 1 +_l{£)—G.5n]5 _{)—;u_\)

my, = m; exp| ———— —exp| ——— | a=
b =M P ST aD ) E|-. 9-3p | 2

Here “mi” and “D” factors are present. “mi” constant value can be obtained by using table
5.2.2.3 below.

In order to get "m" and “s”, Disturbing Factor (D) value is also effective. Disturbing factor

can be chance between 0.0-1.0 range according to disturbance case of rock core.
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Table 5.2.2.1: Determination of GSI Value for Heterogeneous Rock Masses (Marinos & Hoek)




12

Table 5.2.2.2: Determination of GSI Value respect to Geological Definition

GETLOGICAL STRENGTH INDEX FOR
BLOCKY JOIMTED ROCKS

From a description of the structure and
surface conditions of the rock mass,
pick an appropriate box i this chan
Estimate the awverage walus of G5
fraom the contours. Do not atempt to
b too precise. Quoting a rangs from
35 to 42 s more realistic than stating
that 35l = 38 It ig alzo important to
recognize that the Hoek-Brown
critarion should only be applied fo
rock masses where the size of
individual bBlocks or pieces is small
compared with the size of the
excavation under consideration,
When the individual black size is
more tham about one quartar of
the excavation size, the failure will b2
struciurally controlled and the Hoek-Brown
criterion should not be used.

Smooth, moderately weathersd and altered surfaces
Slickensided, highly weathered surfaces with soft day

coaings or fillings

Slickensided, highly westhered surfaces with compact

Raugh, shightly weathered, iron stained surfaces
coatings or filings or anguler fragments

Wiy rowgh, Trésh ufweathened surlaces

SURFACE CONDITIONS
VERY GOOD

GOOD

FAIR

POOR

VERY POOR

QUALITY ==

)
il
(9]
1|
£
W
=
0]

SURFAC

m

STRUCTURE

INTACT OR MASSIVE - intact /
rock specimens ar massive in
situ rock with few widely spaced
discontinuities

P, iy P,

N

B0

BLOCKEY - well interlocked un-
disturbed rock mass consisting
of culbical blocks formed by three
intersecting disconlinuily sets

B N

et VERY BLOCKY - interocked, / /
| partially disturbed mass with

S multi-facaeted angular blocks

) formed by 4 of mare joint sats

BLOCKY/DISTUREED - folded
andfor faulted with angular blocks
farmed by many intersecting
discontinuity sats

N
N

AN
N

DISINTEGRATED - poarly inter-
lecked, haavily brokan rock mass
with mixture of angular and
rounded rock pieces

™~

< —= DECREASING INTERLOCKING OF ROCK PIECES
E

FOLIATEDALAMIMATELD - folded
and tactonically sheared. Lack

of blockiness due to achistosity MiA MIA,
prevailing over other discontinuities
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Table 5.2.2.3: “mi” Constant Values for Rock Groups

Fock | Class Group Texnre
type Coarse | Dledium | Fing | Very fine
Conglomeratzs ™ Sandstonas Siltstones Claystones
(21x3) 17=4 72 42
Breccias Greywackes Shales
2 Clastic (19= 3) (183 (6 £2)
= Marls
E (72
E Crvstalline Sparitic Micnitic Dolomites
= Carbonates | Limestone Limestones Limestonss vx3)
o (12= 3 [10=2) @=2)
Not- Gyvpsum Anhzdrita
Clastic Evapontes e+ 12=+2
Chalk
Organic T=1
0 Marble Hormnfels Quartzites
= | Non Foliated L 19 =4) 203
2 Metasandstone
s — 19 3)
< Migmatite Amphibolites
% Slightly foliated (19=3) 266
Foliatad** Gneiss Schists Phyllites Slates
WM=x3 12+3 I.":;:} T4
Cranite DHorits
32=3 255
Light Granodiorite
(20£3)
Plutomc
Gebbro Daolerite
Dark 27+3 (16=73)
w Morite
E M=£3
i Hypabyssal Porphyries Diabase Peridotite
g (20= 5) (139 (25 9)
Fhyolite Dacite Chsidien
Lava (A3£3) 23+ 3) (19=z3)
Voleanic Andesite Bazalt
A R3i£H
Pyroclastic Agglomerate Breccia Tuff
(19=3)  (10<%) (13 )

"oci" (UCS) value can be calculated by using Point Load Strength

Index (1s(50)). In this

field, different models famulated by different experts can be used. Those models are given in
the table 5.2.2.4 below;
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Table 5.2.2.4: Relationship Models between Uniaxial Compression Strength and Point Load
Strength Index According to Different Experts

Arastirmaci Model
D’andre et al. (1964) UCS=15.3 Iy50716.3
Broch & Franklin 1972 UCS=24 T 45y
Bieniawski (1975) UCS=23T 45¢y
Hassani et al. (1980) UCS=291 5
Read vd. (1980)

Sedimanter kayag UCS=16 Iysp

Bazalt UCS=20 1T 5
Forster (1983) UCS=14.5 T 5
Gunsallus & Kulhway (1984) 16.5 T 59751
ISRM (1981) UCS=20....25 Ly
Cargill & Shakoor (1990) UCS=23 T 549+13
Grasso vd. (1992) UCS=9.301I5p+20.04
Chau & Wong (1996) UCS=12.5 T3y
Kahraman (1996)

Komiir yan kayaclarn  UCS=23.62 I 50-2.69

Diger kayaclar UCS=8.48 I y5079.51
Bu calisma UCS = 10.957 Ly

If all the relationships above are considered,

oci = 12*Is(50) Relation will give safe results.

5.2.3. Determination of Soil Liquefaction Potential

F; Factor of safety,

If F < 1.00; Soil Liguefaction is expected during earthquake condition.

IF 1.00 < F < 1.20; Soil Liquefaction risk is present.

IF 1.20 < F; Soil Liquefaction is not expected during earthquake condition.

Factor of Safety can be calculated by the formula below,

F=CRRm/CSR

In here; CRRm : Resistance Factor of Soil against Liquefaction
CSR : Cyclic Stress Ratio in earthquake condition.

CSR = 0.65 X rd X Ov X amax
CRRm = Km x Kp1 x CRR; ov. 9
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GEOTECHNIC CALCULATIONS SUMMARY

Fhhhhkhkhkhkkkhkhkhhhhhkhkhkhkhhkhrrrhhhhkhkhhhhrrhhhhkhkhhhirrhhhhkhkhhhirrrhhhhhhhiiriidixixdx

. Investigation area is 3™ degree earthquake region.
Soil Group is (C)
Local Soil Category is (Z,)
Spectrum characteristics periods of soil is;
TA=0.15sn, Tg=0.40sn
5. Shear wave velocity, in CLAY and MARL units 200-300 m/s
In SAND STONE units 400-700 m/s.

6. For seismic calculations, effective soil acceleration coefficient is
A, = 0.20.

7. Allovable Bearing Capacity of Layers beneath foundation;
SAND STONE ~ 42.38 T/m?
Sandy-Silty CLAY ~9.46 T/m®
MARL ~ 10.15 T/m®
8. Factor of Safety against Soil Liquefaction
F=1.52

M w0 P

Ahmet Sonmezler
Civil Engineer
(Geotechnical Engineer)
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APPENDIX-1:

GEOTECHNICAL
CALCULATIONS
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APPENDIX-2:
LOCATION MAP



19

APPENDIX-3:

CORE BOXES AND BOREHOLE
LOGS
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APPENDIX-4:

STRATIFICATION OF SOIL
LAYERS AND IDEALISED SOIL
PROFILE



21

APPENDIX-5:
LABORATORY TEST RESULTS



Soil Liquefaction Potential Calculation

EB-1 (Calculation for Critical Layer at 9.50 m depth)

Liquefaction Resistance (CRRm):

CRRm =Km x Kpi X CRR75

Av.Nat. Unit Weight = 19.30 |KN/m?

Groundwater Level = 3.70 |m
: Stem Effective Cor.
Borehole Field SPT{ Energy f
No Depth (m) N Value | Ratio (%) Lenght | Stress o' | Factor N60 (N1)60
Cor. (Nt) (Kpa) (Cn)
EB-1 9.50 23 45 0.95 126.45 0.87 16.4 14.3
08 -
o 9 Sandy Layer at 9.50 m Depth.
(N1)e0 = 14
Fines=35 15 25
o il No200=| 560 |(%)
g S (Fine Grain Percent)
Q .
o . | ' =
H ' : CRR75 = 0.180
-~ ! v A (Read from the Graph)
g 04 [ ==F
3 15
$ / :
‘g o (7 /TPt Ceansana Base Cuve
Y T
O 03 ;;Q ' {r ’
5 L
[/ 4
8 &
g e o
02 10* ..
P o
o,
g |2
Q
J'4
Q

Liguefacion  Uguelaction Lguelacon

FINES CONTENT 2 5%
_.{_Moc‘oa Chinese Code Proposal (ciay content = 5%)g

Maod Ne

< agusment | pes-amecacen 8 o
Rocom Japanene deta . ) o
By Workshop | copese de N A
% 10 2 g %0
Cormected Biow Count (N

(Design Magnitude Earthquake)

0.0

0.0

(Liquid Limit)
(Plastic Limit)

(Plasticity Index)

CRRm = 0.237 |(Liquefaction Resistance)

(Earthquake Correction Factor)

Km =

(Obtained from the correlation)

(Plasticity Correction Factor)

Kpr =

(Obtained from the correlation)



Cyclic Stress Ratio in Earthquake Condition (CSR):
CSR = 0.65 X rd X_Ov X amax

ov ¢
If;
Z<9.15m — rd=1-0.00765x Z
915m<Z<23m — rd=1.174 - 0.0267 x Z
23 msZ<30m — rd=0.744 - 0.0082 x Z
30m=s2Zz — rd=0.5

(Soil Ductility Correction Factor)

Z= 9.50 [m (Depth) — rd = 0.920
ov = 183.35 [Kpa (Total Vertical Stress)
o'v= 126.45 [Kpa (Total Effective Vertical Stress)

amax = 1.77 |m/s? (Max. Soil Surface Acceleration) (For Dipkarpaz 0.18g)

g= 9.81 [m/s? (Gravitational Acceleration)

CSR = 0.156 |(Cyclic Stress Ratio)

F =CRRm/CSR (Factor of Safety against Soil Liquefaction)

Eger;

F<1.00 — Soil Liguefaction is expected

1.00<F <1.20 — Soil Liquefaction risk is present

1.20<F — Soil Liquefaction is not expected

F= 1.52 > 1.00 — Soil Liquefaction is not expected..

Ahmet S6nmezier
Civil Engineer
(Geotechnical Engineer)
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