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| all ship surfaces - |
Select Slip Surface

1 7] Aute select critical

.3

o
Slip#¥ Fofs XCenter ¥ Center Radies Details

1 2.038 -36.13 363.54 373.92 Critical (analysis) !ﬂ
2 2.073 92.26 8429  70.026
3 2.340 105.75 54.954 41.189
4 2,792 111.31 42.853  31.323
5 3.440 114.58 35.742 26.947
5 2.075 -34.182 36B.04 377.45
7 2,112 93.028 B85.045 70.724
8 2.385 106.4  55.283  41.8%
3 2.848 111.93 43.001 31.723
10 3.513 115.18 35765 27.339
11 2,110 -32.305 37257 381.04
12 2.145 93.783 85.811 71.436
13 2.430 107.05 G55.633 42,117
14 2505 112.54 43.145 32.129
15  3.588 11578 35788 27.736
16 2,145 -30.494 377.11 3847
17 2.187 S4.526 BG.576 7216
18 2.474 107.69 55.974 42,592
19 2.966 113.15 43.238 32.54
20 3.677 11637 35.811 28,137
21 2.178 -28.745 381.66 388.42
22 2221 55258 B7.344  72.895
23 2519 108.33 56.317 43.074
24 3.028 113.75 43.448 32.956
25 3.773 116,96 35.835 28,542
26  2.216 -25.353 384.82 350.32
27 2264 96.269 B87.782 73.302
28 2574 105.1  56.433 43.378
29 3107 11444 43.407 33.254
30 3.888 117.6  35.685  28.861
600 6.776 130.74 33.826  15.407
601  3.660 79.249 260.4  238.95
602  3.847 123.259 6B.495  45.457
503 4.245 128.03 47.814 27.641 .
504 5.402 130.07 38.938  21.94 !E|
605 7.292 131.32 33.481 19.746 =
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“Slip Surfaces

| ¥alid slip surfaces )

Select slip Surface

1 [T} At select critical

Sip# FofS XCenter ¥Center Radus Detais -
1 2.062 110 55.853  34.157 Critical (analysis) E |
2 20599 110 32.933 34776

3 2.138 110 55,953  35.394

4 2.181 110 55.953  36.013

5 2.225 110 55,953  36.631

g 2.272 110 55,953 37.25

7 2.321 110 55953  37.868

8 2.367 110 55.953  38.487

o 2405 110 55.953 35,105

10 2450 110 32,933 39.724

11 2.489 110 55,953 40.342

12 2.524 110 55.853  40.961

13 2.560 110 55,953  41.579

14 2.504 110 55,953 42,198

15 2.623 110 55.953  42.816

16 2.652 110 55.953  43.435

17 2.685 110 55.953 44,053

18 273 110 32.933 44.672

19 2788 110 55,953 45.29

20  2.847 110 55.953  45.509

21 2912 110 55,953  46.527

22 2.088 110.63 55.156  33.158

23 2,106 110.63 55.156  33.776

24  2.147 110.63 55.156 34.395

25 2.191 1163 55.156 35.013

26 2,236 110.63 o156 35.632

27 2.284 110.63 55.156  36.25

28 2334 110.63 55156  36.869

28 2381 110.63 55156  37.487

30 2424 110.63 55.156  38.106

8,387 17... 140.88 74.137 45.85

B398 14... -140.88 74137 456.469

8,399 13... 1488 4137 47.088 |_i
8,400 11.. 140.88 74.137 47.706 =
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5-5 g - 6 o juck JS

Deflection-Direction A
-60.00 -50.00 -40.00 -30.00 -20.00 -10.00 0.00 10.00

| —=—1385/10/19

1385/11/24

-| —%—1385/12/18

—8—1386/1/23
T

3

Depth

5-5 akia - 7 o jladh 82

Relative Deflection-Direction A
-40.00 -35.00 -30.00 -25.00 -20.00 -15.00 -10.00 -5.00 0.00 5.00 10.00

al

a

o

36

35.

B
(=}

—— 1384/02/18~1385/10/19
—— 1384/02/18~1386/01/23

~
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Deflection

A-A g ¢ 5-5 phila (g i pal 3a8 0 L3 5t - B o el S84

Time

-60

7 T

.30 ot : bt n s

25 1 B e e e

T

5-5 kil - 9 o juadi JS

Deflection-Direction B
-5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
0O i

40.00 45.00

g i

Depth

—m—1385/10119
(UL —»—1385/12/18 |.
—o—1386/1/23
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8-8 akha 11 olad JS&

Relative Deflection-Direction A

-14.00 -12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00
I 0O
x“‘\‘\ \
\‘ 5
£
a8
—e— 1384/02/18~1385/10/19
—m— 1384/02/18~1386/01/23
8-8 phia - 12 o ladi Js&
Deflection-Direction B
-14.00 -12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00
+ 8 -
AT
a

{—e—138412/18

—=—1385/10/19
1385/12/18
—%—1386/1/23

e
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0.060
0.040 I TR W
——1384/2/19
—=—1384/9/12
1385/2/28
a0 ——1385/5/5
—%—1385/6/16
—e—1385/7/20
§ oooot——— ——1385/8/22
5 & 78 | ——1385/9/20
E ———1385/10/19
§ -0.020 1385/11/24
1385/12/9
1385/12/22
s ) —1386/1/8
1386/1/30
—o—1386/2117
1386/2/31
-0.060
-0.080
Installation Level
5.5 pdaha 3 Caondi - 14 6 jlad JS
0.100
0.000 -
: i
-0.100
—— 1384/2/19
-0.200 || —=—1384/9/12
1385/2/28
= —s—1385/5/5
& -0.300 1| _x—1385/6/16
£ —e—1385/7/20
£ 0400 || —— 138508122 AN
& ——1385/9/20 \
——1385/10119 N
-0.500 - 1385/11/24 Wy
1385/12/9 \\ e
i 1385/12/22 5 A
3 1386/1/8 \ 4
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-0.800 ' "
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=
~

§-5 phia 3 abo dadia Gl = 15 o jlad Joi

138472110 1384/8/12

1384/10/14

1385/2/21

1385/4/1

1385/6/16 | 1385/8/15 1385/10/19 1385/11/24.1385/12/18 1386/1/8 = 1386/2/3

06 4

L

N

138672131

Time

Settlement(m)

0.100

0.050

0.000

-0.050

-0.100 | 1386/6/16

-0.150

8-8 pdiha i Chusii - 16 o jurds JS5

—o—1384/2/19

| —m—1384/9/12
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——1385/9/20
——1385/10/19

-0.200 | 1385/11/24

-0.250

-0.300

-0.350
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1386/1/30
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Project: Oyl S 5l au Borehole No:  TR2
Job.no : Depth of Sample: 0.00-1.20 m
COMPACTION TEST
Type of test: Modified compaction test (AASHTO T180)
Maximum dry densitty=  2.28  g/em?®
Optimum moisture = 6.4 %o
100% Saturation Curve For Gs= 2.7 =+ =-=.- 80% Saturation Curve For Gs= 2.7
— = —- 90% Saturation Curve For Gs= 2.7 e 70% Saturation Curve For Gs= 2.7
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TAHD AZMA GEOTECENICAL CONSULTING ENGINEERS

Project: &) sowd <S55k 2 Borehole No:  TR1

Job.no : Depth of Sample: 1.20 -2.50 m

COMPACTION TEST

Type of test: Modified compaction test (AASHTO T180)

Maximum dry densitty= 2.095  g/em?®

Optimum moisture = 10 %o
100% Saturation Curve For Gs= 2.7 ~ =-«=-=-- 80% Saturation Curve For Gs= 2.7
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IAHD AZMA GEOTECHNICAL CONSULTING ENGINEERS

Project: Olgsd S5l Borehole No:  TR1
Job.no : Depth of Sampie: 1.20 -2.50 m
COMPACTION TEST
Type of test: Modified compaction test (AASHTO T180)
Maximum dry densitty=  2.095  g/em?
Optimum moisture = 10 %
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Name of Project : €54 2 Borhole/Sample : TR2
Job No. : Depth : 0.00 - 1.20 m
Shear Box Test
Type Of Test :Quick Sample Dimensions :30 @ 30 @ 15 cm
Type of Sample :Remolded Loading Rate :1mm/min
Shear Stress (kg/cm?) COULOMB ENVELOPE
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Test Intial Intial Intial Normal Shear '
No. Moisture | Dry Density | Wet Density Stress Strength C ! [0))
% g/em’ g/em? keg/em? kg/em? kg/em? deg.
1 6.40 2.17 2.30 0.80 0.72
2 6.40 2.17 2.30 1.60 1.41 0.03 40.8
3 6.407 2.17 2.30 2.40 2.1 |
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Name of Project : <54 2 Borhole/Sample : TR}
Job No. : Depth : 1.20-2.50 m
Shear Box Test
Type Of Test :Quick Sample Dimensions :10 @ 10 @ 2 cm
Type of Sample :Remolded Loading Rate :1mm/min
Shear Stress (kg/cm?) COULOMB ENVELOPE

2.0 3.0 4.0

Normal Stress (kg/cm?)

Shear Stress (kg/cm?) STRESS - STRAIN CURVES
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O On=1. kg/km* |
v On=15kg/cm? ' : ' '
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Test Intial Intial Intial Normal Shear
No. Moisture | Dry Density | Wet Density Stress Strength C D
% g/em? g/lem? kg/cm? kg/em? kg/em? deg.
1 10.00 1.99 2.19 0.50 0.41
2 10.00 1.99 2.19 1.00 0.67 0.14 28.0
3 10.00 1.99 2.19 1.50 0.94
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Name of Project : &4 2w
Job No. :

Borhole/Sample : TR1
Depth : 1.20-2.50 m

Shear Box Test

Sample Dimensions :10 @ 10 @ 2 cm

Type Of Test :Quick
Loading Rate :1mm/min

Type of Sample :Remolded

Shear Stress (kg/cm?) COULOMB ENVELOPE

2.0 3.0 4.0

Normal Stress (kg/cm?)

Shear Stress (kg/cm?) STRESS - STRAIN CURVES
O Gp=05kg/em* ‘ ‘
O On=1.kglm?* I :
v On=15 kg/cm? ' ! :
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Test Intial Intial Intial Normal Shear
No. Moisture | Dry Density | Wet Density Stress Strength C [0))
% g/eny’ glem? kg/cm? kg/em? kg/cm? deg.
1 10.00 1.99 2.19 0.50 0.41
2 10.00 1.99 2.19 1.00 0.67 0.14 28.0
3 10.00 1.99 2.19 1.50 0.94
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Abstract

One of the most important issues encountered by the dam and geotechnical engineers in
the field of earth and earth-rockfill dams is the slope stability analysis and the failure
surface analysis and also the procedure of determining the slopes failure. The most
common methods of slopes stability analysis are the limit equilibrium methods and the
finite element method which can be calculated by manual calculation and computer
programs such as slope/w and plaxis are utilized for this purpose and also for the
determination of the critical failure surface but the plotting and determination of these
failure surfaces which are known as the slip arc have not been performed yet in an actual
and practical manner. In this thesis, the plotting and determination of these slip arcs have
been accomplished in a real and practical way by a modern method during the drilling of
the reconnaissance trench. In addition, u:  the liquid colored indicator and also the
calculation of the slopes stability coefficient by it have been considered in a completely
visual and accurate manner to prepare the most appropriate design for the restoration of
Shurak earth-rockfill dam in Shirvan which has experienced a damage of slip arc type. In
the presented restoration design for the reoperation of the mentioned dam, the maximum
height considered for drawing off the crown of Shurak dam is 5 to 6 meters. However,
this value has been obtained at least equal to 10 meters according to the information
yielded from the instrument prepared in the dam body in the restoration design. The
results of this research about the stability factor and also the visual modeling of the slip
arc have been compared to and validated by theoretical methods including mathematical

calculations and also Slope/w simulation software.

Keywords: Limit equilibrium, Finite element, Shurak dam, Slip arc, Reconnaissance

trench, Colored indicator, Slope/w.
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