- -
RN N . -
APPENDIX B
TEST 25 ~ WATER CALIBRATION
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T 25 SET microvolts
1 g 9 26 17 -7 25 -4032 33, 1
2 18 g 61 18 41 2 18 34 112
3 41 i 35 19 ] 27 46 35 28
4 28 12 5 20 22 28 27 36
5 44 13 -1433 21 37 29 25 37 %102
s 6 75 14 21 22 37 30 [ 38 -93
7 42 15 35 23 29 31 24
g -s9 16 31 29 28 3z 3¢

1 ' g
2 18 10
2 39 11
4 27 12
S 43 13
5 74 14
7 40 15
8 -53 16

Surface Heights

mm

0, 6 -182 182 182 182 -182 ¢ 0

5 o025 SET 3 mlorovolts
Ghemsssdessmomcbsl  soomessmumesssssscoesaNGELERMRSEesssoza
i 0 g <8 17 87 25 -4035 33 57
2 19 id 58 18 159 26 20 34 61
3 40 11 51 19 56 27 44 35 117
4 28 12 56 g0 22 28 - 28 36 180
3 43 13 -1415 - P U036 29 35 37 148
& 73 14 59 22 37 20 23 a8 7
7 23 15 127 23 30 ] R
3 -58 s 115 24 28 a2, 34
Surface Reights mm
0 ¢ -297 297 297 297 -297 i 0




TEST 25 SET 4 mitrovolts

0 9 g 17 138 25 -4037
8 410 113 18 204 26

38 8110 % 19 92 2 68
27 12 103 20 22 28 S
43 13 ~1410 21 I 29 k]
76 o1 22 37 30 57
33 15 184 23 30 31
-47 16 157 24 3¢ 32 128

Surface Heights nm

@O U B LI

0 -404 404 404 404 AQ4 4D4 -404 O
TEST 28 SET 5 microvolis
9 3 108 17 172 25°-4025 33
Y9 10 Bh 1§ 244 36 62 34
a9 {38 19 v 27 99 35
42 12 13 20 23 28 78 36
7: 13 -1408 20 38 29 11§ 37
126 14 149 22 46 30 87 38
57 15 235 23 53 31 70
<15 16 193 24 B3 32 189

Surface Heights nmm

WP UL R

0 -498 498 498 498 . 498 498 -438 0
TEST 2% SET 6 nicrovolts
g 136 172 28 -4011 3
26 19188 18 276 26 g€ 34
62 [y 173 18 120 27 123 35
85 12 185 20 30 28 39 36
98 13 ~1406 21 59 23 145 37
162 14 179 22 78 3 112 38
46 15 275 23 83 3 64
1€ 16 222 24 103 32 208

Surface Heights nm
0 -574 S74 574 574 574 574 -574

0




TEST 25 SET 2

Welght=

92.7 N
Density= 937.0 Kg/t'3

Yolumes

10,1 LItres
Weight Factor= 1,000
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Normal Stress(Pa)
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Shear Stress/Friction Angle

~5.6
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TEST 25 SET 3

Hefght= 231,
Density= 988,

6N
8 Kg/h'3

Yo lum
Welght Facto

er

23,9 Litres
r= 1,000
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Shear Stress/Friction Angle
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TEST 25 SET 4
Welght= 415.8 N Volume= 43.4 Litres
Density= 975.8 Kg/M"3  Height Factor= 1,000

Normal Stress(Pa) Shear Stress/Friction Angle

g.0 0.0 ~25.0 Pa -12.1 Pa
-47.3 -25.2 0.00 Deg 0.00 Deg
-18.5 0.0 '

-20.0 23,0
5.4 42,2
4 467.3 57.0 Pa 94.0 Pa
9 £14.9 0.0C Deg 0.00 Deg
.0 997.6
0 1374.3
S 5 1631.3
.4 2204.0 202,5 Pa 183.2 Pa -
.2 2534.6 0.00 Deg 0.00 Deg
47,0 2802.6
.8 3342.1
7 3818.5

TEST 25 SET 5

Weight~ £23.2 N Volune- 62,2 Litres
Density= 1020.7 Kg/M"3  Height Factor= 1,000

Normal Stress(Pa) Shear Stress/Friction Angle

Lh.a 23.1 -13,9 Pa 16.9 Fa
. 25,2 0.00 Deg 0.0C Dea

1046.3 1435,3 62,0 *a 16,8 Pa
17841 1481.3 0.00 Deg 0.00 Dea
2233.9 1817,1
2642.,6 2315.9
3825.7 2489.9
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APPENDIX C3

RAW DATA - BIN 1
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1 0 g 12 17 28 25 -34980 33
2 i 10 14 18 8 26 -12 34
a 7 1 & 19 24 27 0
4 3 12 -16 20 -5 28 ~4
5 4 13 -1389 21 13 29 -1t 37
B 32 14 8 22 14 30 -14 28
7 58 15 -2 23 a 31 34
8 26 16 =5 24 1 32 16
‘ { TEST 20 SET 2 microvolts
i 0 10 17 100 25 -3977 33
2 [ 10 13 18 75 2 -10 34
“ 3 ] 11 6 19 181 0 35
4 . 4 12 -16 2 -4 28 -3 36
5 4 13 ~1380 21 13 29 -10 37
. & 33 14 24 22 14 30 -14 38
7 61 15 60 2 -1 31 39
8 25 16 2l 24 0 32 29
Surface Heights mm
0 0 ~200 210 260 210 -200 0 1}
TEST 20 SET 3 microvalts
1 0 9 62 17 173 .. 25 -3964 33
“ 2 1 10 87 18 127 26 S 34
Yy 3 & 11 a8 19 452 27 47 35
[ 4 4 12 100 2 - 28 48 36
! 5 3 13 ~1140 21 13 29 72 37
6 32 i4 130 22 15 30 73 38
7 58 15 173 23 1] 31 279
8 42 1% 141 24 0 32 131

Siiface Heights mm

0 -885 405 465 525 470 410 -390 0




ST TH RN AR

Surface Heights nm v
9 4 -200 210 260 210 -200 ﬁ\

TEST 20 SET 3 micravolts

7. g g 62 17 178 25 -3964

2 1 10 87 18 127 26 5

3 L3 11 98 19 453 27 47

4 4 12100 20 -4 28 48

5 3 13 21140 21 13 29 72

[ 32 14130 22 15 30 73

7 58 15 173 23 0 31 279

8 42 16 141 24 0 32 13t
Surface Heights mm

w
)
&

0 -385 405 465 470 4t0 -390




TEST 20 SET 4 microvelts
1 0 g 160 17 225 25 =3740 23
2 20 10 181 18- 170 26 87 34
3 51 " 185 19 62! 27 136 35
4 108 12 77 20 12 28 103 36
5104 13 =798 21 60 29 146 37
6 181 14 201 22 105 30 133 38
.7 303 15 241 23 107 31 618
8 163 16 193 24 145 ,)?32 214

796
1580

Surface Heights mm

~-570 bBOD 660 720 780 725 660 605 -570

oy TEST 26 SET S microvolts
1 e 8 215 17 106 25 -369% 33 188
2 14 10 242 18 8 26 124 34 55
3 63 11 228 19 460 27 182 35 68
4 136 12 23 20 10 28 138 36 70
5 132 13 -655 21 69 2 189 37 604
6 227 14 181 22 124 30 168 38 1583
7 32 15 190 23 134 ar - 768
8 206 16 107 24 188 32 178

Surface Heights
~570 BOD 666 710 770 710 660 605 -570

mm

TEST 20 SET 6 microvolts
i g g 226 7 1232 25 -3700 33
2 g 107 244 13 61 26 hres 34
- 3 62 11 229 18 419 27 191 35
- 4 143 12 202 20 9 28 152 36
- 5 139 13 -658 2] 72 29 21t 37
5 240 147 18R 22 128 30 133 38

7 353 15 185 23 199 31 752

8 220 % 101 24 195 32 188

mm

660

Surface Heights
Bs0 710 770 710

“570 500 605 -570




TEST 20 SET 7 nicrovolts
e L
1 0 9 235 17 t21 25 -3708 33 108
2 8 10 236 18 63 26 122 34 69
a 32 11 224 19 410 27 175 35 B4
4 119 12183 20 7 3 122 36 72
5 122 13 -708 21 47 29 165 37 534
5 210 14 168 22 97 30 162 38~ 1452

735 15 178 28 114 31 735
& 204 e 101 24 154 32 7192 °
Surface Heights mm )
~570 800 645 665 700 665 645 BOS\ -57Q
L §
TEST 20 SET & microvelts.
1 9 9 211 17128 25 -3767 - 83 131
2 ) 10 214 18 62 26 101 34 EE
3 30 1 167 19 398 27 171 s 72
4 64 12 1% 20 4 28 128 36 71
5 48 13 -747 21 38 29 . 157 37 519
6 174 14 162 22 55 30 130 38 1265
7 296 15 187 23 80 3t 881 .
B 175 16 102 24 115 32 168

Surface Heights mm
-570 590 610 590 €00 590 6107 800 -578

TEST 20 SET 9 mierovalts
1 g g 172 17 11t 25 ~3846 33 128
2 -9 10 207 18 58 26 85 34 67
3 4 11 229 19 391 27 125 35 B
4 44 12 147 20 -4 28 128 36 31
5 29 13 -83¢ 21 30 29 158 a7 505
] 104 14 159 22 49 30 82 38 1062
70195 15 170 23 34 31 895
8 75 16 108 24 84 32 152

Surface MHelghts nmm

-570 550 570 9S40 500 540 560 570 -570




(43

TEST 20 SET 10 microvolts
I Q 9 37 17104 25 -3952 33 129
2 -0 10 43 18 57 26 9 34 61
3 3 1 56 19 363 27 21 5 64
4 3 12 134 20 ~4 28 20 36 65
S 1 13 -1149 21 15 29 43 37 462
6 34 14129 22 138 30 70 38 545
7 73 15 175 23 [ 31 305
8 35 16 93 24 1 32 143

Surface Heights mm

0 -400 400 390 370 380 410 -410 4

TEST 20 SET 11 migrovolts
! g 9 10 17104 25 -3951 33 22
2 -0 10 1118 54 26 -1 34 32
3 3 11 5 19 218 27 3 35 59

. 4 1 12 =10 20 -4 28 -2 36 33

5 1 13 -1383 21 15 29 -12 37 305
5 34 14 14 22 14 30 -16 38 137
7 74 15 35 23 g 31 B2
8 28 18 81 24 1 32 14

Surface Heights mm

o 0 ~200 200 200 200 -200 bl 0
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TEST 21 SET 1 microvolts
NS MEsAEEAESAASEtNsSSETSRESSRERARERASSARNSEANERESEaERESREe

! 0 3 21 17 4 25 -4m7 33 -5
2 15 10 52 18 26 5 13 34 =17
3 31 1 25 19 31 7 30 35 20
4 21 12 5 20 16 B 16 36 53
H 36 13 -1423 21 33 9 16 27 125
[ 64 14 18 22 29 0 =3 3 8z
7 7 15 22 28 21 ) 29
8 -3 16 23 24 139 2 29

TEST 21 - SET 2 microvolis
| I 4 22 17 61 2% -4014~ 33 18
2 17 10 53 18 100 3 13 34 24
3 30 11 26 19 142 7 29 35 71
4 19 12 ) 20, 15 i 15 36 110
E) 33 13 -1415 21 32 5 17 37 264
3 B3 14 19 22 23 0 b 38 270
7 34 15 57 23 2¢ i 45 )
8 -37 16 gz 24 17 32 34y

Surface Hexghté nn W
g. 0 -180 (%0 230 190 ~19Q D 0

TEST 2t SET @ mibrovolts
1 g ) &7 17 145 25 -4017 33 105
2 i7 022 18 168 26 27 34 g1
3 31 11 114 19 453 27 76 35 126
4 20 12 117 20 16 28 68 36 185
a3 3% 13 -1103 24 33 29 98 37 b2
& 62 4 18 22 29 3 77 38 B10
7 23 15 194 23 21 31 266
B 27 16 146 24 17 32 185

Burface Heights nm
0 -380 395 455 S15 455 400 -38% 0




—
=
o~

-+
3
)
"
by

microvolts

] 9 176 ‘7' 200 25 38
2 i0 220 18 223 26 34
3 11 198 19 638 27 35
4 12 197 20 22 28 36
g 13 -847 21 73 29 37
& 14 172 22 113 30 38
7 15 277 23 123 31
8 .18 134 24 168 32

Surface Helghts mn

850 715 780 725 860 800 -575.

TEST 21 SET & microvolts
10 9 208 17 182 25 3
2 16 10 268 18 102 26 34
3 74 11 242 19 561 27 as
4 28 12 253 20 2 28 36
5 39 13 -7%6 21 80 29 a7
8 27 14 308 22 128 30 38
7 78 15 355 2 136 kX
8 08. 16 215 24 181 az

Surface Heights mm

~475 598 €50 710 775 720 660 800 -B7S.

234 17108
233 18

|
TEST 21 SET & -

MR E RN AT AR S SN N R MR AN AR E AN ENEERG SRS aERREE

microvolte

33 190
34 g6

4

10 81 26 14

11 260 19 486 a7 8 35 97

12 265 20 28 22 17 95

13 ~-705 21 g0 29 23 37 676

14 273 22 130 36 18 38 1647

15 308 23 145 M 74

16 133 24 196 32 30 B

Surface Helghts mm '
590 €45 705 770 71% 655 E0G -
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TEST 21 SET 4 micravolts
) 0 @ 178 17200 25 -3810 33 184
2 16 10 220 18 228 26 112 34 137
3 [4<] 11198 19 638 27 159 35 168
4 115 12197 20 22 28 12% 36 208
S 122 13 -847 21 73 29 187 37§58
6 197 14 172 220 113 30 13 38 1608
7 257 15 277 23 128 31 594
8 92 16 184 24 160 32 221,
Surface Helghts am
-575 580 650 715 780 725 BBO0 600 -575
A
TEQT 2 SET 5 micravolts
1 0 9 208 17 182 25 -3783 33" 238
2 18 10 268 18 102 134 34 6/
3 74 11 242 19 561 27 188 35, 144
4 128 12 253 20 28 149 36 101
5 139 13 -756 21 80 29 213 37 789
6 227 14 308 22 125 30 183 381817
7278 15 35§ 23 18g 3 689
8§ 108, 16 219 181 32 313
Surface Helghts mm
-575 580 650 710 775 720 660 60O -575
TEST 21 SET 6 mlerovolts
1 0 9 234 17 108 2% -3773 33, 198
2 24 10 293 18 81 26 146 34 96
3 78 11 260 19 486 27 210 3% 97
4 142 12 268 20 26 28 173 35 a5
5 1581 19 -705 21 80 29 239 37 676
6 246 14 273 22 130 30 189 38 1647
7 289 15 309 23 145 31 747
8 123 19 133 24 196 32 305
Surface Helghts mn
~575 530 B45 705 7¥0 715 655 600 -S75
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TEST 21 BET 7 microvolte
B e e U
1 0 9 239 17 92 25 -3773 w177
2 25 10 289 g 21 26 158 34, 87
3 80 i 255 15 438 27 223 35 100
4 143 12251 20 26 28 178 36 85
5 157 13 -690 24 82 29 251 37 996
6 257 14 150 22 136 30 198 38 1631
7289 15 253 23 194 3 70
8 137 16143 24 204 32 180
Surtace Helghts mm
~575 590 645 700 760 710 650 600 -575
TEST 21 SET & microvolts
1 ¢ 9 227 17 a8 25 3770 33 121
2 22 i6 304 18 77 26 154 34 7
3 54 11 284 19 410 27 220 35 99
| 134 12 245 20 24 28 151/ 36 a7
A% 145 13 -793 21 £3 29 2i8/ 37 968
6 236 419 22 112 30 104 38 170
7296 15 200 23 . 143 3t 710
8 108 16 112 24 205 32 195
Surface Heights nm
-575 590 640 6RO 700 655 640 600 -575
TEST 21 RET 9 microvalts
L RV T T oo e e
1 g g zz0 7 87 25 -38%1 33 127
2 23 10 275 18 82 26 117 34 31
3 50 11 282 19 397 27 198 35 92
4 75 12213 20 23 28 162 36 9%
& 75 13 -772 2] 87 29 225 37 538
6 142 4 177 22 73 30 11 38 1383
70239 15 197 23 81 3 a7k
8 it 16 123 24 140 32 1%
Surface Heights mm
-575  §80 610 600 60O 530 B10 BOO -575
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TEET 21 [ET 7 mlcravolt:— ~
103 238 17 s2 25373 8 177
2 25 10 289 18 a1 26 156 34 87
3 80 11255 19 438 27 223 35 100
4 149 12 291 20 2b 28 178 36 25,
5 157 13 -690 21 82 29 251 37 596
& 257 14 -150 22 136 30 198 38 1631
7 283 15 2%d 23 154 3 770
5 137 18 143 24 204 32 160
Surface Heights an
-575 590 B45 700 760 740 650 600 -575
TEST 21
1 0 9 227 17
2 22 10 304 18
3 54 11 264 19
4 134 12 245 20
5 145 13 -753 21
6 236 14 191 22
7296 15 200 23
8 108 16 112 24
Surface Heights™ ‘mm
-575 530 640 6RO 700 $55 640 BOQ -575
. TEST 21 SET 9 microvelts
R AR R B
1 q g 220 7 a7 25 -3881 3 127
2 23 0 27% 1g B2 26 17 34: 81
3 50 11 2aa 19 397 27 198 35! g2
4 % 12 213 20 23 28 162 36 95
S 3 13 -772 21 s7 29 228 37 538
£ 182 14 177 a2 73 1M 38 1389
7 23% 15 197 23 81 3 @rn
g1 16 123 24 140 32 196
Surface Helghts nmm
-575 590 Bit 600 600 590 610 600 ~575




microvelts

5

ONTUI B LIRS = §

25 -3911
26 52
27 190
28 152
28 177
38 152
31 601
32 162

Surface Heights. mnm

S50 560 540 .500 540 560

WONRA IR

wa~

20
21
22
23
24

25 -4009
26 Z

27 52
28 41
2% 57
30 61
31 250
32 178

33

-

35
35
37
38

Surface Heights mm

-380 380 380 360 380 400 -400

IR WIS~ W i

IIPIRO Ry~ 2 s
CIRI D W @~

24

25 -4011

12
27 37
28 22
29 18
30 -2
31 46
32 38

33

Surface Heights

200 200 -200 0




DN U (O - &

UL O~ Dw

10 S
219 1D
3 a7 11
i 28 12
LSl 13
I T
7 4 15
§ -52 1B

Sirface Heights - mm
(. 0-190 195 250 210 -210 0 0

1 0 5 - 69 17 151 25 4031 33 124

2 18 10 133 8 185 26 44 34 115

3 36 H 124 19 464 27 88 35 152

4 27 12 132 20 21 28 76 36 156

5 41 13 -1198 21 35 23 104 37 630

& 2 14 212 2 38 30 83 38 865

7 42 15 209 23 29 3t 2687 v
8 -33 16 161 24 24 32 210

Surface Heights mnm 7

0 -350 400 475 525 480 410 -335 g
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Surface Heights mm

-570 580 650 720 780 725 665 60S -530

TEST 22 SET 5 microvolts

L . e 208 17 59 25 -3784 33492
2 28 10275 18 a7 26 295 34. 108
3 81 i1 257 19 521 27 i3 35 112
4 146 12 282 20 34 28 158 36+ 89
5 1et 13 722 21 84 29 222 37 723
6 246 14 308 22 135 3 1 38 1638
7 304 15 267 23 143 31 737
g 181 16 153 24 198 32 295

Surface liezgl;;}ts nm
-570 53¢ 660 720 775 720 &BS 605 -58D

microvolts

| 9 9 25 -3793 33 169

2 28 10 2% 230 3 9n
a8 1 2% al4

4151 12 28 182 38 100

5 167 13 29 232 37 873

E 253 1% 30 174 38 15%%

7 305 5 3t 758

8 183 16 32 279 s

Surface Helights mn
-570 380 655 710 770 715 860 605 -580
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TEST 22 SET 7 microvolts

] 5 232 17 81 25 -3793 33 425

31 10 308 18 82 26 282 34 78

a7 1 264 19 431 27 231 35 96

159 12 242 20 21 28 172 3% 101

173 13 -696 21 86 29 236 37 © 596

261 14 147 22 142 30 167 38 1677
303 15 228 23 161 31 777
143 16 114 24 218 32 230

Surface He]gﬁts mm =

~570 530 £50 705 760 710 655 605 -580

TEST 22 SET 8 microvolts

1 0 g 209 17 a2 25 -3791 33 134

2 27 100 282 18 a5 26 233 34 81

3, 8% 11288 18 413 27 216 35 ag

4 " 162 12 221 20 29 28 138 3k 101

5 178 13 -730 21 75 29 171 37 577

6 263 14 188 22 142 30 162 38 1830
g 304 }E 200 23 187 3t 757

‘ Surface Hefghte mm
“ ‘ -57¢ 530 650 685 730 680 &S50 B0S -5BY

TEST 22 SET 9 microvelts
. 1 0 g 200 17 81 25 ~3847 33 134
1y 2 29 10 273 18 85 26 187 24 80
3 60 1 237 19 386 27 190 35 105
4 85 12 204 20 28 28 178 3 103
5 a0 13 -761 21 58 29 190 . 37 839
[ 187 14 136 22 81 30 124 38 1395
7 244 15 229 23 g7 31 691
8 N2 16 128 24 147 32 180

Surface Heights nm

-570 590 810 580 €00 580 610 605 -580 4
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“TEST 22 SET

10 microvolts

1 0 s 249 17 81 25 -3318
2 21 10 245 4g 82 .2k 52
3 48 11 235 49 393 27 “18i
4 70 12 285 206 21 28 155
5 76 13 -84 21 52 29 200
& 143 th 164 22 74 30 148
7 161 15 200 23 60 31 - 815
! § ~17 16 128 34 88 32 13%
H ] Surface Heights nm
\ -550° 560 560 540 500 540 560 570 -570
4 I TEST 22 SET 11 microvolts
“ 1 0 9§ 17 76 25 ~4013
., 2 19 10 18 18 82 2%
sz 11 140 19 87t 27
4 29 12 169 20 21 28
=5 42 13 -109% 21 &% 29
6 83 14 152 22 3 30,
7 82 15 207 23 36 31
8 23 16 128 . 24 34 3R
nK

Surface Heights

0 -440 440 420 390 410 440 -440
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1 ¢ 9 27 17 -9 25 -403% 3% 1
2 20 10 61 18 36 26 8 34 -8
3 41 3 36 19 34 27 7 35 28
4 30 12 20 24 ag 30 36 63
5 44 13 -1430 21 37 2 26 27 131
6 75 14 22 22 3% 30 -2 38 29
? ! 1% 36 23 31 31 43

8 -70 €. 32 24 27 32 30

1 0 9 27 17 60 25 -4038 33 33
2 20 10 59 18 108 21 19 34 37
3 38 11 35 18 181 27 47 35 91,
4 29 12 13 20 it 28 30 3 114
S 44 13 -1424 21 37 29 28 37 295
6 7 14 3 22 33 30 -3 38 235
7 38 15 87 23 32 31 45 ]
8 -B3 16 91 24 27 32 48 '

Surface Heléhts an

¢ 0 -190 200 230 200 -1396 0 g

TEST 2% SET 3 microvolts 1‘
1 0 9 82 17 122 S5 4032 33 114
2 20 10 137 18 151 26 32 34 S0
3 40 14 17 19 467 27 85 35 137
4 29 12 128 20 24 74 3/ 154
S 44 18 -1182 21 36 29 99 37 B5Y
] 75 14 170 22 38 30 78 38 804
7 36 15 201 23 32 31 287
g -52 16 148 24 28 32 200

Surtace Heights nmm
0 -380 400 480 520 460 410 -380 [

g

[°h
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TEST 23 SET 4 microvelt
1 0 3 {73 17 188 25 -3815 33
2 35 10 215 18 202 26 100 34
3 37 11 186 15 851 27 157 35
4 126 12 191 20 40 28 122 36
5139 13 ~g42 21 81 2% 161 a7
& 201 14 2381 22 126 30, 121, 38
7 297 15 292 23 129 31 &M
; 8 43 16 194 24 .165 32 266
" Surface Heights mm K
-575 595 650 7{5 -780 720 655 600 -575
' TES] 23 SET § nicrovokts
1 2 9 215 17 77 25 -3767 a3
2 37 10 279 18 86 26 128 34
3 91 " 253 i9 498 27 189 35
4 150 12 241 20 41 28 148 36
5 157 13 -672 21 87 29 200 37
6 241 14 294 22 140 30 189 38
7 357 15 210 23 152 31 n
8 84 16 130 2 201 32 295
Surface Heights mm
-575 595 650 710 785 720 650 800 -575
TEST 23 SET 6 nicrovolts
1 ¢ 9 235 17 64 25 -3767 33
2 37 10 309 18 91 26 136 34
3 94 11278 19 448 27 204 35
4 154 12 251 20 42 28 168 36
5 180 13 -6%6 21 90 29 23t 37
6 247 14 172 22 142 30 182 38
7355 15 217 23 157 31 778
8 96 16 147 24 211 32 175
Surface Heights mm
~57% 395 640 700 760 710 645 600 -57%




TEST 2% SET 7 microvelts
16 9 234 47 76 25 -3767 33 138
-2 39 10 314 18 87 26 138 34 92
3 94 11 285 19 428 27 212 35 104
4 155 17 248 20 40 28 189 36 100
5 161 13 -B54 21 3¢ 29 239 37 587
& - 25¢0 14 113 22 145 30 168 38 1633
7 33 15 222 23 159 31 783
8 L) 16 143 24 212 32 127
Surface Helghts nr
-575 535 BA0 895 750 700 645 600 -575
TEST 23 SET 8 microvelts
{ ¢ 9 204 17 78 25 -3768 33 143
2., B4 10 293 18 86 2 i 34 82
3 73 11 267 19 416 27 2 35 197
4 151 12 206 20 33 28 163 36 101
S 158 12 -703 21 71 29 245 37 573
& 243 14 129 22 136 30 130 38 1551
7 357 15 235 23 160 3t 741
8 B3 16 137‘ 24 216 32 185
Surface Helghts =
-575 535 640 650 700 670 G40 600 -575
TEST 23 SET § microvolts
1 o 9 244 17 785 25-3883 33 129
2 34 10 292 18 9N 26 11 34 83
3 by H 253 19 416 27 208 35 101
4 90 12 209 20 34 28 171 36 103
5 99 13 -744 21 67 29 223 37 544
6 187 14178 22 87 30 139 38 1372
70281 15 201 23 g2 31 726
8 84 16 132 24 147 32 187
Surface Heights mm
-575 585 A10 500 600 600 w20 690 -575




c1-16

TEST 23 SET
1 a g 227 17 70
2 22 10 239 18 88
3 57 11 260 19 397
4 74 12 228 20 32
5 7" i3 -810 21 57
5 164 14 188 22 72
7182 15 199 23 70
8 -23 16 122 24 97

25 -3903 33
26 94 34
27 200 35

Surface Heights

-5%0 580 570 540 500 550 586 530 -570

mm

TEST 28 SET 11 microvolts
1 0 9 69 17 77 25 -4020 33
2 20 10 117 J3] 87 26 34 34
3 41 11 159 19 372 27 72 35
4 23 12 218 20 25 28 58 36
5 44 13 -1078 21 39 29 136 37
& 86 14 171 22 39 ~ 30 111 38
7 59 15 193 23 33 31 396
8 . -48 16 135 24 40 32 156
Surface Heights mm
U -430 440 420 400 420 450 -440 b}
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) STEST 24 SET 1 nicrovolts

0 9 2% 17 -7 25 -4024 33 0
18 10 59 18 26 26 18 34 -3
38 1 4 19 34 27 47 35 27
27 12 3 20 22 ] 29 36 63
41 13 1425 21 37 El 25 37 128
75 14 ] 22 39 i -3 38 70
3 15 5 23 30 1 4
-52 16 3 24 ‘25 2 28

TEST 24 QET 2 microvelis

0 8 2 17 53 5 -4024 33 29
9 10 0 18 100 S 34 40
0 1 S 19 143 7 48 35 84
9 12 4 20 21 8 28 36 126
27 13 -1420 21 35 9 25 37 290
75 14 7 22 38 0 -3 38 262
48 15 8 23 30 1 44
~53 16 as 24 27 2 40

Surface Helghts mm
0 0 -206 200 230 200 -200 0 0

TEST 24 SET 8 microvolts

0 9 B2 17138 25 -4028 33 123
20 10 141 18 149 26 33 34 18
9 11124 18 450 27 9z 3 1584
] 12 131 26 22 28 78 3% 177
2 13 -1190 21 38 29 10¢ 37 658
4 14 221 22 39 30 82 38 822
c 15 205 23 31 31 266
5 16 181 24 27 32 242

[

urface Heights nm
0 ~400 410 4B0 35206 470 410 -400

o
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TEST 24 SET 4 nicrovolts
182 17 191 25 -380% 33 -
236 18 182 26 123 34 164
214 19 641 27 181 35 199
212 20 4? 28 183 3% 222
= -842 21 3 25 182 37 898
331 22 123 30 136 38 1715
286 23 136 a1 610
209 24 164 3z 350

- N Surface Heights nm
610 675 740 785 730 670 610 -580

TEST 24 SET -5 microvolts

1 4 220 17 109 25 -3776 33 203
2 10 283 18 9l 144 34 136
3 11 253 19 56! 27 215 3% 128
L] 12 2%/ 20 43 28 157 36 108
5 13 -740 21 9 29 225 37 &M
3 14 338 22 128 30 183 38 171}
7 15 274 23 158 31 15

e 16 156 24 188 32 38k

Surface Heighte mn

-580 610 675 740 780 730 878 ©10 -580
i
i TEST 24 @ SET & microvolts
wmosm waga d=m

1 I g 230 17 88 25 ~3767 3B 178
2 43 19 293 18 96 26 151 34 105
3 100 11 263 19 505 2t 227 35 108
4 164 12 269 20 44 20, 166 3 102
5 178 13 -696 21 92 29 235 3T 717
6 261 14 309 22 136 0 18 38 1705
7 334 15 243 23 180 31 760
& 120 18 128 24 201 32 343

Surface Helghts mm
-380 610 670 735 775 720 865 610 -580




ci-19 "

TEST 24 SET 7 microvolts
1 0 9 240 17 79 25 -3765 33
2 41 10 302 18 87 26 182 34
3101 o276 19 445 . 27 238 35
4 173 12 288 20 43 28 175 36
5188 13 -877 21 96 29 245 37
6 276 14 158 22 14z 30 181 38
7338 15 230 23 170 3N 78z
g 132 16 132 24 212 32 251
Surface Heights mm
-580 610 665 730 770 715 860 610 ~550
TEST 24 SET & microvalts
1 0 9 253 17 80 25 -3767 33 ;
2 41 10 313 18 87 26 183 34 ;
3 104 11 259 19 418 27 229 25 :
4 181 12 234 20 38 28 161 36 i
5 188 13 -712 21 96 29 227 37
6 287 14 202 28 145 30 161 38
7 .33 15 218 23 173 31 795
8140 16 127 24 220 32 156
Surface Helights mm
-580 610 660 714 750 700 €60 610 -S8D
TEST 24 SET * microvolts
1 9 9 242 17 81 25 -3770 33
2 3E 10 287 18 87 26 172 34
3 72 11 245 19 414 27 250 35
4 157 12 155 20 37 28 179 35
5 1g8 13 ~753 21 72 29 215 37
& 2856 14 165 22 118 30 81 38
7339 15 223 23 150 3 77
8 98 18 127 24 197 32 172
Surface Heights mm
-580 610 640 660 700 660 &40 610 -580




microvelts

33 142

35 1014}
36 102
37 558

38 1384

Surface Heights
600 &§10 600" 600 600 610

wam

microvoltg

DUEWN =& |

26
21
22
23
24

7
8
9

Surface Heights

an

570 540 500 540 570

microvolts

[--EN1- N PSRN

[T,
—Swe~y

23
24

23
26
27
28
28
30
31
32

33 194
34 81
35 98
3 102
37 482
38 .. 618

Surface Helights mm

0 -390 400 370 360 370 400 -390




c1-21

TEST 28 SET 1 misrovolts
1 0 9 -25 17 93 25 -3971 33 -27
2 -2t 10 10 18 -2 26 -12 34 -30
3 8 11 -5 19 17 27 55 35 0
4 -10 12 -10 20 -3 28 5 36 72,
5 -30 13 -1473 21 27 ) =1 37 108"
[ 30 14 -0 22 13 36 -37 38 124
7 55 15 -7 23 -1g 31 -1
& 236 16 8 24 -12 32 -2

TEST 26 SET 2
1 8 9 -26 17157 25 -3971 33 6
2 =20 10 i 18 58 26 -12 4 20
3 6 1 -5 19 114 27 -55 33 53
4 -0 12 -1t -3 28 7 3
5 =30 13 -1463 2% 28 29 -3 .. .37

B - S 1 14 T 22 2 30 =37 38

7 29 15 48 23 -§ 31 1
8 236 16 [3:] 24 -2 32 7

Surface Herghts am

' ¢ 0 -200 210 260 210 ~200 ¢ 0

1 9 83
2  -2] 10 -85
B 6 11 106
4 -10 12 167
5 -3¢ 13 622
& 29 14 302
7 54 15

8 255 e

Surface Heights mn
i 0 ~4G0 415 475 530 475 420 -400 0
ki . :
f o s . syl O o

5 . : .
S0 B P : R



TEST 26 SET 4 nicrovolts
1 6 9 127 1_7 280 256 ~3716 33 137
+ 2 i7. 10 185 18 153 28 a1 34 129
3 76 117 161 19 587 27 82 35 142
4 114 12 188 20 30 28 108 36 200
5 79 13 -850 21 &2 29 145 37 840
6 190 14173 22 121 30 87 38 1821
7 339 1S 212 23 104 3 597
8 370 16 188 24 134 32 207
Surface Helghts wm
-595 630 695 750 810 750 680 620 -530
1 ¢ 3
e 24 10
3 88 1"
4 138 12
5 101 13
6 227 14
7405 15
8 16

Surface Heights i
-595 630 £95 750 8i0 750 680 620 -590

SET 6 " microvolts

SN TE P ATREN

26

TEST

0 9192
24 10 270
k3l 11 247
143 12 288
187 13 -668
236 14 201
418 15 214

16

17
18
19
20
2

22
23
24

178 25 -3662 38
45 26 126 34

439 27 234 35
36 28 154 36
95 29 214 37
148 30 155 38
133 31 782

181 32 208

148
96
97

@
St
oo

Surface Heights ~mm

745 800 745 680 620 ~580

-595 B30 680




c1-23

TEST 26 SET 7 microvolts

TS Thes 25 -aese g3
2 25 10 264 18 42 26 124 34
3 a3 11 239 19 414 27 237 35
4 147 12 2386 20 3% 28 151 3%
S 12 13 -840 21 96 29 202 37
6 244 14 141 22 152 30 153 38
7. 428 15 208 23 138 31 773
8 414 6. 104 24 . 188 32 2%
Surface Heights mm
-595 630 680 735 780 735 675 620 -590
TEST 28 SET 8 microvolts
1 Y 9 166 17 160 25 -3654 a3
s 2 25 .10 260 iB 37 26 12y 3%
3 35 o221 19 416 27 24 35
4 150 12 191 20 35 28 151 36
5 115 ia -708 21 96 25 209 37
6 238 14 135 22 156 3 118 38
. 7 426 15 195 23 140 31 757
8 408 16 81 24 191 32 212
) Surface Heights mm
-595 630 &80 735 785 730 675 620 -590
TEST 26 SET 9 microvolts
1 g 9 193 17158 25 -3657 33 .
2 29 19 270 18 28 26 129 34/
3 95 11 235 19 400 2 248 35
. 4 151 12131 20 34 28 153 36
5 118 13 -700 21 97 23 208 37
6 244 14 120 22 157 30 103 38
7427 15 135 23 143 A 755
g 409 16 7 187 32 156

Surface Heights onm

-585 630 &80 730 780 725 B75 620 -590




TEST 26 SET 10 micravolts

1 0 9 192 17155 25 -3653 33 72
2 24 16 249 i8 33 26 181 34 27
3 £ 1t 20t 19 394 27 243 35 50
4 154 12 158 20 33 28 145 36 107
5 118 13 -710 21 g6 29 179 37 575
6 247 14 13 22 157 30 75 38 1760
7 427 15 113 23 141 31 751

8 413 16 66 24 192 32 142

Surface Heights mm

-585 630 680 725 775 ..725 675 620 -580

TEST 26 SET 1 microvalts

1 g 9 186 17 148 25 -3650 33 58
- 2 22 10 232 1g 36 2 122 34 2%

3 94 11 186 18 394 27. 238 3 51

4 154 12 148 20 30 28 146 106
. 3 118 13 -718 96 29 167 37 574

& 242 14 92 22 157 jeid g2 38 1752

7432 15 102 3 {41 31 744

8 402 16 2 24 196 32 107

Surface Heights wmm |
-595 630 675 720 770 720 B75 620 -550

TEST 26 SET 12 microvelts

! 0 9 179 17 153 25 -3653 33 55
2 20 10 238 18 36 26 118 34 39
3 94 1181 19 85 27 223 35 47
4 154 12 142 20 30 28 128 36 106
5 116 13 -717 21 a7 23 162 37 562
§ 243 14 81 21 158 30 80 38 174
7430 15 92 23 145 31 741

8 409 16 68 24 204 32 95

Surface Heights mm

-585 630 675 715 765 710 670 G20 -590

N A



-595 630 875 700 755 7007 670

TEST 26 SET 13 microvelts _
1 1] 3 164 17182 25 -3650 33 76
2 10 10 219 18 37 26 110 34 39
3 91 1" 182 19 385 27 210 35 52
4 748 12 173 20 24 28 119 36 102
5 i 13 -717 21 95 29 144 37 571
6 234 14 114 22 158 30 113 38 1720
7435 15 11t 23 140 31 733
8 399 16 78 24 188 32 123
Surface Heights mm
620 -530

TEST 26 SET 14 microvolts
1 0 9 145 17 173 25 =3657 33.
2 g 10 235 18 39 26 114 34
3 52 11 188 19 372 27 2y 35 55
4 108 12 177 20 20 28 29 36 106
S 91 13 -747 21 64 29 190 37 558
6 227 14 114 22 125 30 72 38 1638
7 423 15 144 23 117 31 696
8 42v 16 86 24 180 122

Surface Heights
-395 630 660 650 705 650 655 620 -53¢

me =




APPENDIX C2

STRESSES - BIN 1




TEST 20

SET 2

e mss ehmuns

Weight= 237.1 N
Density= 1565.7 Kg/M"3

Yolume= 15.4 Litres
Helght Fagtor= 1.324

Normal Stress(Pa)

-34.7 26,9
-31.5 0.0
23.0 0.0
0.0 +32.9
27.4 -26.0
-35.1 83.4
Yo yeg. 8.0
29,8 51.6
0.0 32.7
6.0 0.0
519.6 388.1
14960 1460,5
22219 1873.7
2208.4 2520.3
2053.4 2186.9

Shear Stress/Friction Angle

7.4 Pa .n Pa
0,00 Deg 0,00 Deg
23,6 Pa 16.8 Pa
0,00 Deg 0.00 Deg
$12.0 Pa 561.8 Pa
17,19 Deg 18,89 Dey

TEST 20 SET 3

Height= 831.7 N
Density= 1580, 5 Kg/M~3

Volume= 52.8 Litres
Welght Factor= 1

mesme

Normal Stress(Pa)

Shear Stress/Fr wtlon Anale

0.0 231 3.3 Pa 45,3 Pa
-26.0 9.0 300 Deg 5:00 Deg
50.4 2704
5317 80
00 231
b I R IS % 5
49 \ v 1] N
19%8.5 23836 ¢ %9
21001 34082
5870.8 5128.4
L7 I LT I ST e P
3 . B 19,45 I 15
3082.8 3796.2 A 2115 Dee
39454 42158
52457 341715
IR vt




TEST 20 SET 4

pusmzma=

Weight= 1785.8 N Volume= 113.2 Litres
Density= 1608.1 Kg/M"3 Helght Factor= 1.263
Normal Stress(Fa) ' Shear Stress/Frickion fngle:
628,2 421.1 856.8 Pa 730.5 Pa
1323.2 1349.3 20,14 Deg 18.03 Deg
2254.9 2676.9
3619.8 3356.9
3895.8 3566.9
4580 .1 3934,6 1866,7 Pa 1873.3 Pa
4519.9 5200.8 21,23 Deg 20,68 Deg
4739.% 5267. |
5016.9 4883.9
5131.5 5673.4
5974.85 5634.4 1949.7 Pa | 2161.8 Pa
5588.7 €452,7 18,22 Deg 20,74 Deg
6033.4 5596.7
5760.2 6197.8
4747,0 4928.8
.
TEST 20 SET S
Height= 1767.0 Molume= (11,8 Litres
Density= 1611.1 Kg/M 3 Height Factor= 1.277
Normal Stress?Pa) .- - Shear Stress/fFriction Angle
d@n vEME LR
TR o tes 17:12 Deg
4685.2 4451,
5155.9 4684,
By OME 0 BLG. UM
§543.6 7068, e 19,81 Deg
8320.4 6619,
6641.2 7103,
WeromRe LLE Wik
3370.3 25288 st D 2483 Deg
2306.,3 232%.9
1481.8 1438,




. Lk
. 4 54 .
o R
G2-8
TEST 20 SET 6
Weight= 1676.8 N Volume= 111.8 Litres
Density= 1530.7 Kg/M"3  Meight Factor= 1.2 34
Normal Stress(Pa) Shear Stress/Friction Angle
258.6 338.1 1009.,? Pa . B33.4
1817.3 1856.2 1876 Deq 16.51 Deg
2996.8 279.0
4778.0 42641
317.7 46398.8
B341.7 5207.4 223%.0_ Pa 2252.4  Pa
6390.5 7141.8 19,97 Deg 19.67 Deg
6382,7 7508.6
4 6111.4 6766.4
5667.6 5547.5
5448.5 4785.9 1250.6 Pa 1876.4 Pa '
4206.0 4516.2 20,26 Dea 23.98 Deg
3012.5 2590.7
2687.5 2145.0 ’
1518.6 1423,1
i TEST 0 SET 7
Weight= 1644.6 N Volume= 104.2 Litres
Density= 1608.9 Kg/M"3 KWeight Factor= 1,282
Nofmal Stress(Fa) Shear Stress/Friction fingle
235.0 301.8 1055.1 Pa 840.5 Pa
783.3 891.0 B9 .
2578.T 20387 22,69 Deg 20,64 Deg
4336.1 8631.0
4724.9 .3847'5
5041.3 S406,7 2165.5 Pa 2283.1 Pa
£314.0 §794.0 % '29 De
£396.5 €296.7 19,44 Deg 2029 Deg
6203.0 §5569.6
5371.6 £896.0
5028, 4 5084.6 1268.0 Pa 1351,7 Pa
4203,5 3654.7 20,73 |
32082 Seatb 20,73 Deg 23,52 Deg
2760.7 2191.7
1636.2 15111




TEST 20

C2-4

SET 8

Welght= 1438,3 N
Density= 1614.7 Kg/M"83

Yolume= 80.8 Litres
Height Factor= 1.234

Normal Stress(Pa)

Shear Strs\ss/Frlctiqn fingle

819.% 633,8 Pa
28.36 Deg 25.04 Deg
1965.8 Pa 2029,
20.52 Deg 20, 40 Dea
1182.0_ Pa 1255.1 Pa
20,05 Deg 22,73 Dea

’ TEST 20 SET 9

Werght= 1214.4 N
Density= 1628.3 Kg/M"3

Yol
Height Factor= 1.2

ume= 76, g Litres

Normal Stress(Pa)

Shear Stress/Friction Angle

-326.0 24,4 470.9 Pa 402,2 Pa
207. 481.2 3
5842 s 33.54 Dag 23,34 Deg
£92.2 1051.7
1856 1 2027.0
1615, 1 1841.7 1723.4 Pa . ,774,6 Pa
4817.7 47128
g 4712.3 22010 Deg 23.27 Deg
5913.6 5193.9
43729 3653.0
4609.7 3815.7 1169.3 Pa 1222,3 Pa
3900.6 42130 3
3006 LR 20,53 Deg 23,20 Dsg
23828 2231.5
14424,5 13371

& o "/'1 (\ B

oA . L0
Y



TEST 26 SET 10

am=winn

Welight= 644.2
Density= 1615:7 KQ/H 3

lume= 40.6 Litres

Helght Factar= 1,161

FNormal Stiz.5(Pa)

~284.6 22.8
-119.7 52.8
0.0 ~27.1
-98.8 b
48.1 0
276.8 438,7
702.4 738.8
913.8 1086,8
1288,2 1548.5
3668.9 2882.4
3445.8 3324.8
3745.5 3967.7
2775.,2 2464.8
2044,3 1985.0
1820.3 1156.3

Shear Stress/Friction fAngle

45.2 Pa
0.00 Deg

591.4 Pa
25.69 Deg

1005.1  Pa
20.88 Deg

78.4 Pa
6.00 Deg

TEST 20 SET 41

Height= 194.1 N
Density= 1616.7 Kg/H"3

lime= 12.2 Litres

Yo
Helght Factor= 1.088

Normal Stress(Pa)

-313.4 2.3
-1038 49,5
37.7 0.0
-83.6 8.0
4504 8.0
57.6 34,2
-52.8 98.8
-73.4 84.8
-24.1 26,9,
187 4 -66.5
160.0 -49.0
733.3 585.2
2101,3 1564.5
1914.5 1709.9
173173 1168.4

Shear Stre5§(Frictlon Antle

45.4 Pa
6.00 Deg

2 Pa
00 Deg

12,1 Pa
23.9% Deg

75.0 Pa
0.00 Deg

77.4 Pa
0,00 Deg

521.5% Pa

28,83 Deg

S e




TEST 21 SET 2

Height= 207.4 Yalume= 12,6 Litres
Denslty= 1672. 3 Kg/M 3 Height Factor= 1.518

Norpal StressiPal Shear Stress/Friction Angle

~-12.86 Pa 1.0 Pa
0.00 Deq 4.00 Deg

30,1 Pa 23.1 Pa-’
0,00 Deg 0.00 Deg

"6 Pa 5290 Pa
18.59 Deg 21,0

7
5
0.0
7
.5
Q
.9
1
4
bl
S
1
9
8

TEST 21 SET 3

803.0 N Volume=  51.4 Litres
1581.2 Kg/H*3  Hetght Factor' 1,189

yemdl Stress(Pa) Shear Siress/Friction Angle

-46.3 Pa 8,0 Pa
0.00 Deg 0,00 Deg

£78.3 Pa
21152 Deg

t
£

NEENE hoooo

DaNOE VeaNGo Nooeo

319.9 Pa 1501.4 Pa
20,00 Deg 23,82 Deq

WWW IR

rShe wsLSaOM
QWYRD N DSUINN
Ot O

W
=




TEST 21

3N
Dans\ity- 1532,3 KQ/N 3

Normal S*ress(Pa)

- I G,
: g52
BN NN OO NE~ R~ -

CAWS  UINONWR By DR

3112.6

Volume=-112.0 Litres
Height Factor= 1,228

0
Shear Stress/Friction Angle

TEST 21

AN
Densfty= 1549.3 Kg/M"3

“Normal Stress(Pa)

—nrEhD DUIOSN OX

o 38
NNES® SWRed Wo

Helght Factor' 1‘12

SKear “Stress/Friction Angle




TEST 21 SET &

Weight= 1726.2 N Volume= 110.4 Litres
Demsity= 1583.9 Ka/M"3  Height Factor= 1.181

Normal Stress(Pa) Shear Stress/fFriction fAngle

827.8 Pa’ = 694.9 Pa
18.51 Deg 16,29 Deg

2125.1° Pa
18.58 Deg

1634.3 Pa
21.61 Deg

TEST 21 SET 7

Herght= 1708.5 Volume= 109.4 Litres
Density= 1582.0 Kg/M" Hexght Factor= 1.235

Normal Stress(Pa) Shear Stress/Friction fngle

365.5 Pa
17.57 Deg

1322.4 Pa 1460.5 Pa
21,58 Deg 24,09 Deg




TEST 21t

SET 8

Weight= 16841.3 N

Density= 1630.7 Kg/M"3

Volume= 102.6 Litres
Height Factor= 1.282

Normal Stress(Pa)

235.0 201.2
702.4 874.8
25130 247902
4006.3 4077.8
45686 4678.4
49563 5690.4
6388.0 7378.0
726214 7247.8
£802.0 6393.8
6452.7 43326
5438.2 4796.8
£157.7 43452
2004 2aale
5 1477

Shear Stress/Friction Angle

923.5 Pa 763.5 Pa
» 21.00 Deg 17.24 Deg
2131.1 -Pa 2186.0 Pa

18,69 Deg 15,90 Deg

4 P t426.1
01 D:g 33,76 Deg

TEST 21

SET 5

Haight= 1441.5

Density= 1611.3 Kg/H 3

Veiumes 91 2litres N
Weight Fartor= 1. 235

Normal Stress(Pa)

258.8 169,68
558.8 674.0
11 1266.1
12 .

0 0
4872.8 4043.4
5945.2 £5284.7
6151.2 7080.4
$401.2 6373.0
5384.0 4304.0
4815.0 4643 .8
3837.9 4385.3
3139.4 2853.9
2402,7 2452.5
1605.2 1391.4

Shear Stress/Friction Bhale

693.9 Pa 553.8 Pa
27.81 Deg 21,83 Deg

1994,9 Pa 1999.3 Pa
19,89 Deg 20.20 Deg
1149,4 Pa 1280,9 Fa
20,48 Deg 22,23 Deg




TEST 2

SET 10

Welght= 1226.5 N
Density= 1628.0 Kg/M"3

Yolume= 76,8 Litres
Height Factor= 1,235

Normal Stress(Pa)

-161.8 0.0
147.1 421.4
732.8 1038.2

1 708.4 951.7

1893.2 381,86

1504.8 1516.,7

5258.5 5987.1

5526.4 6550.7

5210.8 4910.7

4396 .8 5853.6

4604.3 3703.4

4029.0 4785.3

3171.7 2650.8

23461 2827.9

1451.0 14241

Shear Stress/Friction ﬂﬁgle

330.5 Pa 315.8 Pa
26.68 Deg 22.80 Deg

1719.7_ Pa +764.4 Pa
22,16 Dea 20.75 Deg
11605 Pa 1225.5 Pa
20.40 Deg 22.07 Deg

TEST 21

SET 11

Helghts 611.1 N
Density= 1612.1 Ka/H"3

Volume= 38.6 Litres .
Height Factor= 1.200

Normal Stress(Pa)

-157.2 0.0
~28.6 27.3

20,8 28.9
-103.3 89.5

939.4 70.7
~349.7 302.3
522.7 800.0
836.6 1170.2
1225,9 1215.2
2325.8 2348,7
4739.1 4031.7
3040.3 3907.4
2839,0 2491.0
2057.4 2615.6
1383.1 1195,2

Shear Stress/FrictLSn Angle

-20,0 Pa 23.1 FPa
0.00 Deg 0.00 Deg
583.6_Pa ‘643.5 Pa
32,37 Deg 28.56 Deg
1051.6 Pa 1042.8 Pa
20,23 Deg 20.28 Deg




TEST 21 SET 12

Weight= 208.5 N Volume= 12,2 Litres
Denslity= 1736.1 Ka/M"3  Helght Factor= 1,261

Normal Stress(Pa) Shear Stress/Friction Angle

~24.7 -17.5 Pa 18.2 Pa
g.g 0.00 Deg 0.00 Deg

'
~o
oM

s
&
No~Um, whiolo

-25.0 Pa
0.00 Deg

N Oon=6
N~y

580.5 Pa
2326 Deg

=0 b

K




TEST 22 SET 2

Weight= 208.5 N
Demsity= 1471.6 Ka/M*3

Yolumes -14.4 Litres
Welght Factor= 1.298

Normal Stress{Pa)

»
" n_ o R
DROOEN SHONEG O NDBO
et

Lowne whomb oo

oy
£

Shear Stress/Friction fingle

~14,4 Pa -3, Pa
0.00 Deg 0.00 Deg
16,1 - Pa 16,5 Pa
0,00 Deg 0.00 Deg

.
418.5_ Pa 4724 Pa )
13,47 Deg 18,45 Deg

TEST 22 SET 3

Ne ghit=

816.2
Density= 1534.0 KQ/N 3

Yolume= 54 2 Litres
Weight Factor= 1.108

=3
o

WL WU PINY wrema

MR R YUY
M@ WU~ 6 NPRUT
LODE- W00 DA OO
EUNGE LNkt ooo

wo

Norwal Stress(Pa)

BIPITO —

P2 Q) WD

Shear Stress/Frictlion Angle

-18.,8 5.8 Pa
0,00 Deg 00 Deg
626.8 Pa 656.0 Pa
19,72 Dag 18,60 Deg
1247.7 Pa 1391, Pa
17,20 Deg 20, D Deg

S by,
& Mg . v
. 5 1
-, -~ - e s e i € L
e ™ 7 et oot i



TEST 22 SET 4

Weight= 1741.6 N
Density= 1571,1 Kg/M™3

Volumes 113.0 Litres

Welght Factor= 1.172

Normal StressiPa)

153.4 252.8
1118.3 1118.9
2072.1 2429,5
3392.5 3027.8
3372.8 3264.0
5894, 4 7929.4
3911.0 4798.7
2 B
z‘gga.s 5085.7
8273.3 7262.0
315,11 5798.8
5181.9 4872.6
5535.2 5460,7
4704.2 4021.1

Shear Siress/Frichion Angle

729.0 Pa 584,6. Pa
19.86 Deg 16,37 Deg
1671,1 Pd 16986 Pa
19711 Deg 17,31 Deg
188?7 Pa 2\23 B’ Pa
82 Deg o, .10 Deg

‘ TEST 22 SET 5

Helghte 1735.0
Demslty> 15707 Kg/M‘E

o= 112.8 Litres
5

Vo lum
Reight Factar= 1,185

e

Norpal Stressiba)

272.3 272.0
1238,3 1287.3
2383.8 564.8
3974,b 344%5.0
41891 3943.9
8518.0 10110.2
$253.8 5913.8
5635.6 5845.8
5744.8 G704.7
6106.8 6215.7
8129.9° 6900.3
4925 .4 5749.2
3612.1 3268.9
2862.9 2772.0
Tazt.1 1150.2

Shear Streys/Frlctian Angle

25,5 P B63.7 Pa
¥5.8 i 18,14 bag
2017.7_ Pa 20836 Pa

18,87 Deg 18,60 Deg
1474.1 Pa \72;0.1 fa

19,10 Deg 23,40 Deg




C2-14

TEST 22 SET 6

Melght= 1730.6 N Volame= 111.4 Litres
Defislty= 1583.6 Ka/M"3  Helght Factor= 1.178
—(Normal Stress(Pa) Shear Stress/Friction fAngle
2178 2773 841.7 P 681.4
1262.2 1338.9 e B2 4 Pa
2535.1 2856 15 18.46 Deg 15.52 Deg
4254.0 3716.5
43839 2282
5392.6 10120.5 20948 P 2186
57258 6063.3 e es B 4 Pa
80887 8194.5 18.36 Deg 16,93 Deg
6143.6 6105.8
§051.3 5443.9
7478.7 6609.3
28438 2915.7 ' 9 34 beg
2481,9 2308.0
18666 1203.3
TEST 22 SET 7 )
Weight= 1711,9 Uolume 110.2 Litres,
Density= 1583.5 Kg/ﬂ 3  Helght Factor= 1.231
Normal Stress(Pa) Shear Stress/Friction Angle
EDOME R ELE
2816.8 30384 e e
46573 40367
473115 4684.2
'5354.5 10266 ,2 2228.9 Pa 2823.5 Pa
6281.3 §970.6 19.38 Deg 17,16 Deg
6833.2 6357.5
6311.0 §502.3
5386.9 8470.7
3892.6 5547.7 1279.0_ Pa 14400 Pa
4372.3 4237.3 23162 Deg 23,98 Dig
2627.8 25826
2536.6 2408,8
1371.6 1288.7




€2-15

TEST 22 SET 8

Height= 1660.0 N
Densiiys 1584.4 Kg/M"3

lume= 106.8 Litres
Height Factor= 1.254

Normal Stress(Pa)

262.¢ 172.3
1404.3 1141,0
2936.3 3098.0
4326.9 4301.8
4935.8 5094:4
5978,8 8529.3
5704.5 £535.1
5588.3 5428.7
7017.4 4614.6
5547.5 6403.8
5259.4 4863%.0
3816.7 4622.7
27781 2721.2
2614,6 2594.6
1484.8 1314.6

Shear Stress/Frictlon fingle

893.0 Pa 731.8 Pa
17.33 Deq 14,81 Deg
2165.9_ Pa 2304.3 Pa
19,47 Deg 19.74 Deg
12441 Pa 1407.,8 Pa
21418 Deg 23189 Dey

TEST 22 . SET @

Welght= 1406.8 N
Density= 1583,1 Ka/M"3

lume= 90 2 Litres
Helght Factor- 1.2

Normal Stress(Pa)

=NNWOELD DI N —
DWNNT NGIW~IN B =D U
WPWHW UMPDDD  ~uDod

Shear Stress/Friction Angle

656,53 Pa 540,4 Pa
25,50 Dag 2178 Deg
1988.2 Pa 2011.8 Pa
20,36 Deg 20,03 Deg
1109,7 Pa 1237,6 Pa
20,98 Deg 22.53 Deg

f
3 3
N

>




TEST 22 SET 40

Metght= 1203.4 N
Density= 1805.6 Kg/M"3

Yolume= 76.4 Litres
Welght Factor= 1,187

Normal Stress(Pad

62.1 -23.3
339.2 458,7
884.7 1050.5
986. 914.0
17201 1466.6
1099.7 1307.8
S44.,0 52831

4587 ,8 5921.6
5370.8 5214.,5
5597.3 5549.6
4247.6 2815.1
2610.3 53g4.0
2966.0 2462.1
2445.7 2585,2
1321.9 1243.5

Shear Stress/Friction Angle

372.8 Pa 325.0 Pa
24.74 Deg 23.19 Deg
1722.3 Pa 17%1.9 Pa
20.69 Deg 21.24 Deg
1114.6_ Pa 1153,1 Pa

20,37 Deg 22,18 Deg

TEST 22 SET 1!

Welght= 721.4 N
Density= 1576.6 Kg/M"3

Volume= 46,6 Litres
Weigh? Factor= 1,112

Normal Stress(Pa)

o
‘
W

nUAoo

wn

DooNE bwonr womno

MNYRY ORONE WhonSD

Shéar Stress/Friction fAngle

43,3 Pa 53.6 P
580 Dag 7800 bea
910.1 Pa 892.5 - P
25,13 Deg 25,36 Dog
i
979.8_ Pa 1097.7 F
20,07 Dag 21160 Dea




TEST 23 SEV 2

==:nu—--s-=-======x-==—=====x!--ntn--:at:n--=====-unn-u--l-
Weight= 227.% Uolume= 13,4 Litres
Density= 1723. ¢( Lg/H & Height Factor= 1.432

Normal Stress(Pa) Shear Stress/friction Angle
0.0 -29.1 1.9 Pa 10,4 pa
-68.2 0.9 :
-24.8 a0 00 Dey 8.0 Deg
0.0 35.6
59.3 0.0
37.9 451 21.3 Pa 7,3 Pa
0.0 2.0 “oid :
43 38 0.00 Deg 0.00 Deg
-31.8 0.0
-30.2 -43.8
456.5 581.0 478,73 589.5 Pa
182L.7 12372.7 ) 3 2
g Yo 15.80 Deg‘ 21.28 Deg
2288.5 24883
2383.2 1913.5

TEST 23 SET 3 )
EEmmHmAEEARAsARASeREAEAREESEASAREEERSEsEEslERREARRSSEERnS
Helght= 854,8 N Volume= 52,6 Litras

Density= 1655,4 Ka/M'3  MWelght Factor= 1,24} s

Normal Stress(Pa) Shear Stress/Friction Angle
9.0 0.0 -17.2 PRa 9.0 Fa
~28.6 ~28.2 0.00 D 00D
i 5ed 0.0 Deg 0.00 eg’
0.0 20.8
0.¢ 24.&
558.5 546,7 63,2 PFa 706.0 Pa
1650.5 1427.9 22, 3 20,
s58.2 2|12€l.3 22,29 Deq 20,78 Deg
2230.8 2236.0
2847.8 3084.0
4502.0 4753.7 14131 Fa 1619.6_ Pa
3729.6 3771.0 20,1 ]
3500.5 Pece s 20.18 Deo #5337 Do
3763.9 3723.5
3598.2 2957.8




TEST 23

SET 4

Weight?

1808.9 N
Density= 1643.3 Kg/M"3

111.8 Litres
1.338

Volume=
Weight Factor=

Normal Stress(Pa) Shear Stress/Frigiion Angle
525.7 420.1 958.6 Pa 708.7 Pa
1466, 1338.8 : . X
32594 S84 2901 Deg 17.55 Deg
3644.5 3258.6
34917 3622.9 . B
4003.9 34541 1951.8 Pa ©  1897.0 Pa
4661.0 4458 .4 3, . D
48325 47358 23.25 Deg 23,28 Deg
4455,8 4460.0
49.7.9 5031.3
6857.3 7117.9 2171.9 pPa
6241.3 A011.1 1
551615 43228 0:3% Des
5485.2 5424,9
5155.5 4452.3
TEST 23 SET S
o Welght= 1795,7 N Volume= 110 8 Litres
Uensity= 1652.0 Kg/M'2  Height Factor= 1.295
Normal Stress(Fa) Shedr Stress/Fricﬁion Angle
576.5 431,38 1138.0_ Pa’ 8 6.
180410 147273 22.57 bes 37.55 Do
2694.5 3047.4 )
4195.2 3893.7
4451.8 4420.8
5280.6 4484 1 2435.1 Pa 2395.3  Pa
5889.4 5569,7 22,21 Deg 22.57 Deg
6346,0 5957.8
£6238.2 5563.1
6190.6 8763.2
8636.5 7734.8 1574.0_ Pa 1746.0 Pa
4105.3 5329.6 20.87 Deg 23,73 Deg
3225.9 2626.0
2579.2 2535.7
1502.8 1289,




Nexgnt= 1782.4 N
Density= 1663.9 Ka/M"3

Vu‘ume= 109.2 thres

Weight Factor= 1.315

585.3

Normal Stress(Pa)

464.3 ; 1148.1 Pa

1584.5 22.26 Deg
1535 .

6 .
4883, . 2 j2dk EA
6252, 0.88 Deg-
367 2 Deyg
429 1425.1 Pa
449 22.76 Deg

Shear Stress/Friction Angle

849.5 Pa
16.93 Deg

2448.7 Pa
20 983 Dsgv

1568.1 Pa
26,68 Deg

Weight= 1763.2 §
Density= 1666.8

Kg

lume= 108,2 Litres

/M3 HWeight Factor= 1.33%

48241

5

sssé Q
7570.3
7357.8
§559.5

Normal Stress(Pa)

8 1155.0 Pa
4 27.81 Deg
B

2
2 2562.7 Pa
8 20,76 Dag
0

i

2 1379.3 Pa
s 24,72 Deg
0

3

Shear Stress/Friction fingle

860.1 Pa
16,80 Deg

2502:3 Pa
21711 Deg

52471 pPa
27.66 Deg




elght= 1678.8 N " Volume= 103,80 Litres
nsity= 1661.4 Kg/M"3 Height Factor= 1.307

Normal Stress(Pa)

Shear Stress/Friction Angle

1148,9 pa 84
23,85 Deg 1

Welght= 1481.3 N
Density= 1637.8 Ka/M"3

Volume=

92,2 Litres
Welght Factor=-1.239

Normal Stress(PFa)

NNWS Blarbom o

Shear Stress/Friction Angle

827.3 Pa
28,94 Deg

2109.5 Pa 21511, Pa

20.21 Deg 20,95 Deq
,i

1245, a 1285.4 Pa

21.88 Deg 25.3% Deg

603.6 Pa
22,34 Deg,

I e Y

ittt Y et




10

N
Dens ity= 1632.3 Kg/M"3

Yolume= 78.8 Litres

Height Factor= 1.189

Normal Stress(Pa)

SENBD Vobh wWeobo~

Shear Stress/friction Angle

466.4 Pa 378.5_ Pa
26.59 Deg 23,67 Deg

1829.4 Pa 1783.0  Pa
21.61 Deg 20.83% Deg

1135.9_ Pa 1227.4 Pa
20.87 Deg 21,77 Deg

N
Density= 1532.4 Kg/M' 3 Helght Factor= 1.069

Yolume= 47,8 Litre

Normal Stress(Pa)

womo

@

soBON  ouent

SPOPIWW ISR amm
oLt U i
Ui = =00 UInaopwe Ul

Shear Stress/Friction Angle

53.8 Pa 38.6 Pa
0,00 Dea 0.00 Deg
930,6 Pa 358,86 Pa
23,38 Deg 27,36 Degq
950,83 Pa 984.3 Pa
19.89 Deg 21,67 Deg




TEST 24 SET 2

Weight= 211.8 N
Density= 1606.2 Kg/M*3

Volume= 13,4 Litres
Height Factors 1,374

Normal Stress(Pa)

36.0 “27.0
8. S

[FES
~

Do Gbud oG

Shear Siress/Friction Angle

-11.5 'Pa “0.0 Pa
a.0n Bys 4.00 Deg
17.0 Pa 10.5 Pa
0,00 Deg 0.00 Deg
394.0 Pa 658.9 Pa
14.52 Deg 19,947 Deg

TEST 24 SET 3

Helght- 823,

9.5 N
Density= 1558,8 Kg/M*3

Volume= 54,2 Litres
Welght Factor= 1.117

Normal Stress(Fa)

58.5 6.0
26,6 ~50.8
38.7 g.0
32.0 27.7
-23.1 43.8
502.6 527.2
1539.5 1521.9
2058, 1 2133.1
2230.8 2815.6
2774.6 2901.2
5502,7 §385.5
3437,9 38744
3632.9 3343.6
7.7 3s10.8
28.3 3334.8

Shear Stress/Friction Angle

-21.7 Pa -10.8 Pa
0,00 Deg 0.00 Deg
£50,9_ Pa 638,3 Pa
19,87 Deg 18.97 Deg

8 Pa 1488.5 Pa
.47 Deg 20,34 Deg

s o
L it IENFIVINR Y P



©2-23

TEST 24 SET 4

Weight= 1814.4 N
Density= 1594,5 Kg/M'8

Volume= 116.0 Litres
Weight Factor= 1.224

Normal Stress(Pa)

705.0 564.2
x632w? 13078
2440.0 2384.8
$829.1 3223.1
3775.8 3337.0
4308.3 4044,3
4647 .1 4966.,4
4868.7 4961.7

. 4889.5 47431
512841 5198.4.
9330.9 8880.8
5573.5 6253.9
5474.3 4991.5
5611.1 5804.5
44306.4 5097.3

Shear Stress/Friction Angle

840.4 Pa 646.0 Pa
18.80 Deg 16.89 Dgg/

538, Fe 1768.9 -Pa
20.3 20,41 Deg

19539 P2 12365,5 Pa
17,56 D 20,60 Deg

TEST 24 SET 5

Weight= 1810.0 N
Density= 1593.,3 Ka/M"3

Volume= 115,8 k:tres
Weight Factor= 1.203

Normal Stress{Pa)

756.1 495.6
1719,3 1477.2
2690.9 2522.8
4518, 1 2676.8
4352.9 3870.8

' 5096.8 4771.6
5674.5 6121.6
6057.6 6003,7
58486 5940.3
6181.6 6840,1
5380.0 8707.2
5216.5 6568,1
3761.3 41131
2981.1 3353,0
1507,7 1418.8

Shear Stress/Fr!étlan Angle

936.7 Pa 719.2 Pa
18,61 Deg 16.79 Deg

2044.3 Pa 2060,2 Pa
18.54 Deg 19.22 De

1667.9 Pa 2032.8 Pa
19.66 Deg 21.76 Deg




Weigh

Density= 1604,1 Kg/M"3

TEST 24 SET 6

S mE S E S MRS SN ENMRRSCEEERNMESSSESSEYRNAREESCNARRREOESERRN

Volume= 14,6 Litres

Height Factors 1.222

Normal Stress(Pa)

Shear Stress/Friction fingle

989,2 Pa 757.3 Pa
18.38 Deg 16.40 Deq
2210,7 Pa 2233.1° Pa
19.73 Deg 19.64 Deg
1514,7 Pa " 1807.7 Pa
19,94 Deg - 22.21 Deg

TEST 24 SET 7

Height= 1780.2 N
Density= 1606.4 Kg/M*3

lume= 1138 Litres
262

Vo
Weight Factor= 1.26

_Normal Stress(Pa)

anm
Qo

Pa~NAS D-0Oom

DBRAED RN

73
431

14

P2
DLOMNDWD WD
NOWNYN Ne—mQw o @OW~ID

Shear Stress/Frictlon Angle

1035.1 Pa 787,35 Pa
17,85 Dey 15,60 Deg
2341.4 Pa 2758 PA
19,14 Deg 18,54 e
1964.3_ Pa 1628.4 Pa
23257 Deg 23.43 Dea

[



*TEST 24 SET 8

Helght= 1750.5 N
Dens{ty= 1604.6 Ka/¥'3

‘\/ol_ume= 111.2 Litres
Weight Factor= 1.297

Normal Stress(‘F"‘a)

~u
e
@iny
S

w oy
=3 @
~ 5
I u
ww ONVND D

o
©
=]
=

Shear Stress/Friction Angle

1057.0 P 803,7~ Pa
16,97 Teg 15.23 Degy
2294.5 Pa 2485.2. Pa
18,93 Deg 20.94 Deg
1310.5 Pa 1495.0 Pa
20,58 Deg 27.4% Deg

TEST 24 SET 9 e

1650.1 N
Density= 1617.4 Kg/M"3

Volume= 104,D0 Litres
Welght Factor= 1,316

Ut
N
N

LN WS WG NG
NEA D LD ~ID!
D& DB WS
ORI AND DI oD
NOUW N~

Normal Stress(Pa)

w
2}
3
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Shear Stresg/Frictlon Angle

1083.8 Pa 806,2 Pa
20,71 Deg 18,23 Deg
i
219479 Pa 2284.9 Pa
1318 Deg 20.4% Deg
1316,3 Pa 1467.8 Pa
21.80° 24,85 Deg




C2-26

TEST 24 SET 10

Weight= 1443.3 N
Density= 1598.9 Kg/H"3

Yolume» 92.4 thres
Height Factor= 1.235

Normal Stress(Pa)

549.7 314.9
852.8 786.1
1434,3 1208.1
1875.9 1748.7
3605,0 2712.8
4808.4 4624,8
6151.9 6334.4
6216.6 7797.9
5037.7 5273.2
5355.9 4842,0
4298.,5 4507.9
3846.4 4715.7
2887.2 2270.6
2344.5 2519.6
1461.3 1261.5

Shear Stress/Friction fAngle

796.4 Pa 547.8  Pa
24,69 Deg 21,75 Deg

2049.4 Pa 2067.6 Pa
20.67 Deg 20,24 Deg

1192,3 Pa 13115 Pa
21,94 Deg 23.35 Deg

TEST 24 SET 11

Height= 1216,8 N
Density= 1581 9 Kg/M"3

Volume= 78.4 Litres
Weight Factor= 1.205

Normal Stress(Pa)

s
[
@
@
—paNEE  BGIOIG  ——
SLitivd Mo

Shear Stiress/Friction Angle

422.¢ pa 325.5 p
35 Dag 30,51 Dey

1737.8 1736.8_ P
22.%8 Des 21173 Deg

11513 Pa 12471 ®
20.81 Deg 22,48 Doy

et ot et e e



TEST 24 SET 12

€2-27

Welght= 604.4 N
Density= 1584.6 Ka/H"3

Volume= 38,6 Litres
Height Factor= 1.185

Normal Stress(Pa)

\
Shear Stress/Friction Angle

0.0 23.2 16.5 Pa 57,1 Pa
0.0 26.3 4 .
08 33 0.0 Deg .00 Deg
1019 234
430 %5
£2,7 261.0 #1t.2 Pa 665,1 Pa
83110 £10.0 s '
8310 £l 30,02 Dea 339 Dea
12097 335.9
2245 .2 16235 i
9863.0 4245.3 P 1482.5 Pa
35627 33139 54 Dea © | p1.89. Db
2545.8 21305 {34 Bea, 1.69 Des
2057.6 5319.6 ‘
12747 12104
P




TEST 26 bET 2

mEanmme PR mmsgss=ssmEnEs

Weight= 249.3 N me= 15,4 Litres
Density= 1645.8 Kg/M'3  Height Facfor= 1 LJ.‘:
Normal Stress(Pa) Shear Stress/Friction Angle
¢.0 0.0 0.0 Pa 0.0 2a
9.0 a7.6 . 00
88 R 0,00 Deg 0.00 Deg
0.9 411
0.0 0.0
v 0.0 0.0 41,1 Pa 3,4 Pa
-40.0 0.0 '
30 648 0.00 Deg 0,00 Deg
0.0 ~81.,7
-34.9 0.0
446, 4 708.9 422.3 Ra 660.5_ Pa
1658, 7 1469.3 ' :
%gﬁs Z 122?;'% 13,00 Deg 20,57 Deg
433 “
23%5.0 2355, 1
TEST 26 BET 3
Weight= 858 Volume= 55.2 Litres
Density= 1583, G Kg/N 3 HWetght Factor= 1,264
Tormal Stress(Fa) Shear Stress/Friction Angle
-33.1 0.0 3.5 Pa 12.2 F’a‘
0.0 0.0 0.00 !
R 00 23’5 Deg 0,00 Deg
N 0.0 9.0
R -26.2 ~24.,8
6836,2 676.7 872.0 Pa 764.6 Pa
1712.8 1761.8 23,
: 235872 ghgsio 3:10 Deg 20,50 Deg
H 2438.2 24975 )
i §115.6 29377
" 3503,4 3705.0 1264.0 Pa 1631.8 Pa i
2408.6 3945.5 1a, X i
36ed 1 31287 58 Do 24.58 Deg
= 8953.3 3696.5
33458 31471
) + ) 4 o
» ’ . B P . J o, ; B



TEST 26 SET 4

n

c==tipaax
Weight= 1871.8 N
Density= 1582.1 Kg/M' &

olume= 120, S Litres
Weight Factor- 1.334

Normal Stress(Pa)

1292.0 963,9
22%4.8  .1668.8
5668.3 337,65
44857 37798
44273 38221

L 4734.5 43264
49060 $132.8
52481 33084
49171 1809.8
5563.8 5057.9
5987.2 §285.7
4854, $888.4
51558 30025
5779,/ 5225.8
3900,2 ava.7

Shetir Stress/Friction Angle

10$3.8_ Pa 820.2 Pa
19,47 Deg 17,14 Deg
2062,1 Pa 2027.3 Pa
22.09 Deg 22.52 Deg
2035.9 Pa 2452 2 Pa
20,46 Deg 24,52 Deg

TEST 26 SET &

Weight= 1860.8
Density= 1572,8 Kg/ﬂ“ﬁ

Vol
Height Factnr* 1.2

mas 120 6 Litres

Normal Stress{Pa}

Shear Stress/Frictlon Angle

1419.4 g5 1198.9 Pa 893.8 Pa
2405, 1820.7 15,87 Deg 18,92 Dag
318701 37310
46262 11E
80254 43788
R TR TR
87840 £531.¢ =2 bee 1:40 Deg
€508 1 588018
70559 8589.¢ ;
TR TN T S
38513 335011 8 es e o
20343 3869.0 wo
1658,2 2355,9 gg} ;
a1
B '\ »
E
a
&
& . ' . FiEs
ST “ o 2 i
& ¢ A ® Hg i
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TEST 26 SET 8

Werght= 1827.7 N Yolume= 117 threa
Density= -1586.9 Kg/M"3  Helight Factor= 1. 256
“Normal Stress(Pa) Shear Stress/Friction Angle
1480.0 936.3 1295.7 Pa .~ 953.8 Pa
2662.3 1570.4 13.64 Deg 16.16 Deg
34841 4184.2
$220.5 4681.0
5408.6 5001.7 B
s119.¢ 58741 29835 Pa’  2418.8 Pa
¥ e i, D 20,
T 7089.7 ' 8 0.84 Deg
6300.6 6511.2 ¥
3315.9 5950.4 B
223‘:3 %g%gz 13;’?{‘30 Pa 1542.8 Pa
. - 10 D v oed)
2643.6 578.6 - e 18:16 Deg !
- (ELEN T -
1136.7 2171.5

TEST 26 SET 9

Height 1816.6 N Volume= 16,8 Litres
Density= 1585.5 Kg/M*2  Height Factor= 1.328

Normal Stress(Pa) Shear Stress/Friction’Angle
1565.7 Q64,4 1374.5 Fa 1005.8 Pa
2816.4 2114.7 18,40 Deg 15.76 Deg
3708.8 4457 4

5637.0 5051.0

5887.8 5447 .6

6085.9 5896.7 2547.9 ' Pa 2552.1 -Pa |,
7005.7 7766.3 21,05 Deg 21.02 Deg
7764.8 7614.3

7078.2 6855.3

5623.6 5685.7

4234.7 4731.2 1338.8 Pa 1567.9 Pa
3437.1 4538.5 27.05 Deg 28,39 Deg
2127.5 2192.8

19389.9 1905.3

1233.4 1113.8




TEST 26 SET 10

Weight= 1804.5 N
Density= 1580.3 Kg/M'3

Uolume=-I16.4_Ei€ras
Weight Factor= 1.378

Normal Stress(Pa)

Shear Stress/Friction fngle

1425.8_ P& 1056.6  Pa
19.27 Deg 16.18 Deg

2608.9 Pa .. 2633.5 Pa
22.25 Deg | 22.54 Deg

1367.0 Pa i616.1 Pa
28.71 Deg 31,29 Deg

TEST 26 SET 1

Weight= 1795,7 N
Darigity= 1583.4 Kg/M"3

Volume=>;;§Tg Litres
Helght Factor= 1.418

Normal Stress(Pa)

1559,2 917.8
2971.3 2224.1
4031.0 475
6014,7 5319.0
6223.6 5784.8
6230.9

7235.1

70741

6010.5

4746.6

3545.2 3482.t
2815.1 2795
2306.1 1838,4
1740.90 1993.8
1250,2 1262,7

Shear Stress/Friction Anale

14658 Pa 1097.1. Pa

13,78 Dea T6.30 Deg

L

2655,3 Pa 2683.6 Pa’

23,26 Deg 23.41 Deg

1406.1  Pa 1658, 750P4,
21,00 Deg 34,56 Deg ¢




TEST 26 SET 12

Density= 1586.5 Ka/t"3

Yolume= 114.6 Litres
Weight Factor= 1,426

Normal Stress(Pa}

1494,2 923.5
2989.9 2270.5
4056 .2 4818.9
Sﬁgg.k 24939

Shear Stress/Frictipn Angle

1487.8 Pa i093.6 Pa
19.80 Deg 15.80 Deg

2689.3 Pa
23.87 Deg

1381.0 Pa
31.88 Deg

TEST 26 SET 13 fN -

. y

Weight= 1760.4 N
Density= 1585.2 Ko/M'3

Volume= 113,2 Litres
Weight Factor= 1.38%

Normal Stress(Pa)

1088.5 723.9
2805.0 2142.3
3795.8 468

5879.7
6333.9 65
508,0 610

4212, 390
2978, 3838,
2465, 2254,
3.
4

Shear Stress/FrLctan fingle

1464,1  Pa 1072.1 Pa
21,12 Deg 16.71 Deg

2590,8 Pa
23.94 Deg

1341.3 Pa 1610.6 Pa
26,95 Deg 31.76 Deg

e et s 8 s s
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<

eight= 16699

Density= 16805.9 Ka/M"3

olupe= 108.0 Litres

' Y,
Height Facter= 1,316

Normal Stress(Pa)}

9938.3 5927
1441.8 1107.0
d 2692.0 3433.4
4564.2 4152.2
5367.8 43956,2
6445.3 5218.6
7001.8 6585.7
8654.7 6822.7
5578.8 £6204.5
5181.4 4384.0
4007, 3 3677.3
361,07 4368.6
2608..7 2606.0
2437.7 1935.8
1252.0 1172.0

Shear Stress/Friction Angle

1346.6 Pa 996.1 Pa
23.94 Deg 19.32 Deg

2369.9 Pa 2330,3 Pa

21,12 Deg 22:22 Deg
1228.3 Pa 1488,7 Pa
23,94 Deg 28,56 Deg




APPENDIX DY

RAW DATA - BIN 2




TEST 27 SET 1 microvolts .
1 0 9 -35 17 95 25 -3987 38 =25
2 -15 10 12 18 -3 26 -6 34 -3¢
3 3 13 -4 19 9 27 47 3
4 -10 12 = 20 0 26 5 13 71
5 -28 {3 -1459 21 28 29 0 37 109
6 28 14 -6 22 12 - 30 ~-35 38 ]
TEE-Y) 15 -9 23 ~10 3 22
8 240 16 6 24 -13 32 a
_JTEST 27. SET 2 microvolts
1 0 9 120 17 306 25 -3849 33 141
2 -9 10 17¢ 18 177 26 82 34 136
3 20 T 150 19 570 27 168 35 149
4 30 12 182 20 4 28 98 36 198
5 9 13 -90¢ 21 48 29 143 37 828
& 92 14 161 22 57 306 3 38 1337
70212 15 233 23 3t 31 518
§ 358 16 198 24 43 32 189
Surface Heights mm
0 -800 820 690 745 €85 620 <600 0
TEST 27 SET 3 nicrovolts
i Q 9 174 17 207 25 -3816 33 181
2 -2 16 237 18 48 26 112, 34 94
3 2] 11 216 19 484 27 211 35 75
4 42 12 258 20 1 28 134 36 112
5 22 13 -75) 21 49 29 193 37 896
& 115 14 193 22 63 30 129 38 1330
7242 15 227 23 47 31 681
g 335 16 135 24 68 32 204 .
Surface Helghts mn
0 -600 820 690 745 &B5 £20 -600 ]

G

T 2

T



4w

D1-2

TEST 27 SET 4 nicrovelts
g 8 186 7 185 25 -3804 33 154
-13 10 245 18 43 26 114 34 &7
28 11 22t 19 453 27 215 35 68
48 12 282 20 0 28 139 86 11
26 13 -730 21 48 29 198 37 651
123 14 174 22 67 30 128 38 1326
254 15 210 23 54 31 701
399 16 116 24 77 32 194
Surface Heights nm
0 -585 615 685 740 680 615 ~-535. 8
TEST 27  SET 5 nicrovolts .
1 g 9 191 17 177 25 -3792 33 104
2 -14 0 242 18 45 26 118 34 . 66
3 26 11210 19 428 27 ;,27 35 75
4 56 12 239 20 0 .28 144 36 . 11
5 31 13 ~712 21 51 29 '502 37 504
8 131 14 127 dzos¥s 300 124 Y 38 1311
7 27 15 166 23 €Y 31 717 4
g 410 18 117 24 83 32 184 ¢
i Surface Helghts .mm
U -595 6190 675 730 675 815 -595 0
TEST 27 SET & microvolts
170 9 188 17 178 25 -3790 33 109
2 - -15 10 242 i8 44 26 129 34 64
G 3 18 1T 194 19 387 27 - 22t 35 67
4 53 12 219 20 0 28 124 36 11
5 38 13 -746 21 41 28 182 37 570
6 140 14 95 22 71 3 135 38 1262
7 268 15 166 23 63 3 680
8 410 16 98 24 88 32 142

Surface Helghts

mm

0 -595 605 845 700 645 605 -595 0




10 s s 17 173 253676 33 97
2 -4 A0 284 ig 42 28 80 34 68
3 § N 217 19 387 27 149¢ 35 62
4 g t2 1892 20 0 28 136 36 111
) -5 13 -833 21 31 29 187 37 552
[ 98 14 140 22 26 30 67 38 1102,
7 189 15 143 23 15 31 BI8
8 367 e 100 24 4 32 168
Surface Heights mn
0 -585 590 570 605 570 585 ~580 0
TEST 27 SET 8 microvolts
1 0 9 121 17177 25 -3927 33 115
2 =13 w1 18 42 26 61 34 58
3 2 11 171 19 37t 27 161 35 66
4 -3 12193 20 0 28 105 36 110
S -23 13 ~909 21 27 29 138 37 526
[ 52 14 105 22 18 30 80 38 - 840
7 124 15 155 23 0 3% - 543 s
8 327 16 105 24 12 32 142
Surface Helghts nmm
0 -540 540 530 500 520 540 -540 0
TEST 27 SET 9 microvolts
1 0 9 18 17 178 25 -3960 33 100
2 -13 10 89 18 42 26 10 34 70
3 4 1 132 19 358 27 76 35 g2
4 =9 12 182 20 [ 28 60 36 109
5 -3t 13 ~1063 2] 28 29 129 37 503
[ 33 14 132 22 13 30 91 38 728
7 95 15 147 23 -4 3 420
8 260 16 104 24 -8 82 145
Surface Heights nam
0 -450 450 450 400 450 460 -450 0

I




D1-4
TEST 27 SET 10 microvoltis

1 ] 9 0 17 179 25 -3967 a3 101
2 -1z 10 52 18 4 26 0 34 g0
3 3 11 57 19 344 27 62 35 71
4 =10 12150 20 0 28 25 3 1
5 =30 13 ~1212 21 29 29 48 37 478
& 28 14 101 22 13 30 77 38 573
7 88 15 148 23 -9 31 288

g 289 18 R 24 -12 3z 1%

§ur¥a~:e Heights mm
0 -385 3395 385 370 385 395 -385 ¢

- . e e P



D1-5
TEST.. 28 BET 1 micravolts
0 9 -23 7 a7 25 -3969 33 -25
-13 10 12 18 -2 26 -3 34 =30
4 11 -4 53 3 27 45 35 -
-g 12 -8 20 g 28 4 36 ¢
-27 13 -145% 2t 29 29 -1 37 115
30 14 -3 22 12 3 -2 el -8
95 15 -1 23 -t N kK]
248 16 6 24 -1 3z -2
TEST 28 SET 2 micravolts
0 9 127 17 307 25 -3832 32 140
-& 10 175 18 185 26 79 24 186
28 11 164 19 563 27 160 35 50
31 12 1839 20 4 28 104 36 208
0 10 13 -897 21 50 29 135 37
3 92 14 167 22 a1 30 8 38 1332
218 15 238 23 31 31 547
370 15 187 ° 24 47 32 183

Surface Heights om Y/
0--600 630 895 745 680 620 -600 0

TEST 28 SET 3 microvolts
i 0 3 1716 17 1938 25 -380% 32 138
2 10 16 232 18 48 26 11 34 85
3 24 11 226 19 466 27 188 35 72
4 42 12 260 20 1 28 132 3 112
S 21 13 =726 21 52 29 184 37 ©B86
& 116 14 188 22 60 30 108 38 1324 7
7 246 15 21 23 47 31 727
8 414 16 128 24 79 32 185
- Surface Heights mn f
'R 0 -600 630 695 745 630 620 -600 n
; e Uy ) . RN



D1-6
TEST 28 SET 4 nicrovolts
1 0 9 178 17 187 25 -3792 33 137
2 -12 1D 2% 18 43 %% 113 34 &5
3 25 i1 228 13 444 27 204 35 &5
4 47 12 263 20 ¢ 28 13 36 109
5 27 13 -708 21 51 29 180 37 647
8 124 14 169 22 85 30 110 38 1320
7 258 {5 198 23 52 31 734
s 418 16 193 24 74 P 187
Surface Heights mm
0 -585 620 690 740 '685 615 -595  §
TEST 28 SET 5§ microvolts
1 0 9 190 17 189 25 -3784 33 142
2 -13 10 246 18 45 2B 124 34 g6
3 3 11 223 19 42 27 216 3B 69
4 56 12 242 20 128 144 3B 112 .
5 37 13 -7{6 21 54 29 198 37 813
6 137 14 120 22 B3 30 108 38 fgt0
7 25 15 187 23 55 31 160
8 431 16 124 24 B3 32 197
Surface Heights nm
6 -590 620 680 730 675 615 -590 0
) TEST 28 SET 6 microvolts
1 0 3 197 17 186 25 -3777 33 128
‘2 -16 4D 245 18 A3 2R 12 38, B3
3 29 11 214 39 398 27 218 3. 73
4 84 12 243 20 028 140 B 130
5 41 18 -725 2zl 5] 29 134 37, 575
€ 143 14 122 g2 72 30 114 88 1285
7 289 15 188 23 80 31 746
8 428 1B 90 24 89 32 129
Surface Helghts mm
0 -590 615 675 715 665 G15 -580 0

e ——
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microvolts

TEST 28 SET
g g 183 17 181 25 -3781 33 106
-15 10 232 18 44 26 125 34 62
18 #1%, 215 19 397 27 228 35 61
60 12 22 20 0 28 Th2 36 108
.38 13 -733 21 44 29 196 37 567
147 14 148 22 71 30 108 38 1283
288 15 127 23 62 31 755
438 16 109 24 30 32 141
Surface Heights  mm
0 -550 610 650 700 840 B15 -590" 0
. TEST 28 SET 8. microvolts
1 0 B 152 17 186 25 -3870 33 106
2...°13 16 209 18 42 26 91 34 66
3 5 11 203 19 393 27 188 35 65
4 11 1z 168 20 4 28 121 36 108
5 0 13 -798 21 33 28 174 37 555
6 102 14 116 22 30 30 122 38 1115
7 208 15 183 23 16 31 670 =y
8 384 16 84 24 53 32 170
Surface Heights mm
D -585 590 S8 60D 580 SB5 -580 G
TEST 28 SET 3 micfovolts
1 0 9 138 17 182 25 -3917 23 54
2 -4 10 185 18 43 26 72 34 66
3 2 1118t 19 382 27 170 35 66
4 g 12 209 20 0 28 118 3 110
5 @2 13 -866 21 29 29 148 37 540
6 g2 14 137 22 22 30 121 s 976
7142 15 148 23 2 a1 614
8 347 16 99 24 12 32 146
Burface Heighis nm
0 -560 569 530 510 530 550 -560 o




TEST 28 SET 10 micrevolts

| 9 17 17 181 725 -3955 Q3 114
2 -14 10 98 18 40 2? 13 34 58
3 4 11, 134 197 358 2 30. 35 64
4 -9 12 178 20 28 59 36 109
5 ~30 13 -1066 21 28 29 118 37 514
6 32 14 116 22 12 20 102 38 717
7 95 15 151 23 -1 31 427 B
8 266 16 93 24 -6 32 122
Surface Heiéhts mm
0 -450 450 450 400 450 450 -450 0
TEST 28 SET 1! microvolts 5
1 ] 9 0 17188 25 -3964 33 87
2. .-13 10 20 18 43 2| -2 34 59
IR MY A4 19 342 27 53 35 [

4 -10 12 122 20 0 28 23 36 108
5  -30 13 -1215' 21 28 29 44 37 490
[ 29 14 111 - 225 12 30 74 .38 555
7 89 5 147 23° -10 N 288 g
g 250. 16 100 24 =fZ<7y 32 148

- " Surface Heights mm

0 -400 400 380 350 380 400 -400 o




TEST .29 SET 1 microvolts
1 0 9 -21 17 100 25 <3965 33 25
2 -2 10 13 18 -1 26 -5 34  -31
3 4 11 -4 19 9 27 42 35 0
4 -10 12 -8 20 -4 28 3 36 70
5 -27 13 ~1465 21 29 29 -2 37 120
3 28 14 -2 22 12 30 -34 38 59
7 81 15 -18 23 -t 31 38
8 252 1€ 7 2 ~13 32 ~1
TEST 29- SET 2
1 0 -] 122 17 - 313
2 =12 10 161 18 183
] 28 11 183 19 549
4 25 12 186 20 -
S 13 13 -914 21 47
g 89 14 157 22 51 .
“7- 208 5 289 23 - 32
8 373 16 1396 4 48

] Surface ‘Heights nm
0 -595 625 645 ;745 €80 615 -530 O

Y
TEST 29° S\'ET 3 microvoltis

1 0 g 176 17 218 25 -3820 - 33 153

2 -12 10 217 18 59 26 114 34 101,

3 28 1M1 230 19 479 27 205 35 76 .

4 38 12 263 20 -3 28 125 3 110 i

5 20 3 -770 21 42 29 191 37 710 7,
6 109 14 202 22 52 30 146 38 1354 N
7 234 15 238 22 37 B 674 RN
8 413 16 135 2 67 @2 217

I Surface Heights mm
0 -590 820 &80 740 670 610 -590 0 ‘

a "
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microvelis

! 2 9 189 17189
2 -13 10 23t 18 42
3 25 11239 19 452
v 4 43 12 264 20 -3
5 23 13 -737 21 45
& 115 14 19 22 61
7248 15 7195 23 47
8 46 16 128 24 76

25 -3804
26 123

27 208
28 134
28 196
30 134
31 694
32 207

Surface Helg.is
0 -590 620 680 730 B70

nm

610 -530

0

TEST 29 SET S

microvalts

1 0 8 180 17 182
2 -4 10 236 18 44
3 25 22 13 438
4 49 12 252 20 =4
5 25 13 -731 21 44
6 119 14 183 22 81
7 253 15 198 23 51
g 421, % 112 24 79

25 -3798
26 121
27 206
28 140
28 200
3ap 139
31 708
3 191

Surface Helghts
0 -596 620 686 725 670

L)

610 -390

0

TEST 29 SET 6

microvolts

i1 0 g 19 17 198 25 -3788 33 122

: -13 10 244 18 42 26 125 34 83 W
13 2§ © 11 239 19 425 27 214 35 63

“4 55 12 266 20 -4 28 140 36 108

19 30 13 -725 21 48 29 195 37 805

6 124 14 153 22 7 30 142 38 1338

7 282 15 215 23 S7 31 703

8 413 % 113 24 88 32 183

Surface Heights mm
8 -585 B15 ©75 720 €60 605 -585 o




TEST 25 SET 7 microvolts

]
H
#
bt
u
u
I
i

1 0 9 198 17189 25 -3786 33 113

2 =i4 10 248 18 42 6 127 34 3]

3 28 11 259 19 410 27 218 35 7

4 57 i2 243 28 -5 28 142 36 109

S 33 13 -723 21 48 29 198 .
6 127 14123 2 67 30, 124 38 1333

7265 15 192 23 56 31 709

8 425 16 118 2 88 32 18l

Surface Helghts mm

0 -585 615 675 715 660 BO5 -585 ]

¥




TEST 30, SET 1 microvoltse

v 09 w2117 103 25 -3988 33 -23
2 -2 10 141 - g 34 31
3 5 11 <3 19 72 33 B
4 -3 .12 -7 20 -3 ;] [
5 -25 13 -1a62 21 28 3 v 37 s
& 25 14 -2 32 13 3 -3¢ 38 14
777 15 .-11 23 -2 31 &8
g 285 18 5 2 -1 %2 0
TEST 30 - SET 2 microvolts
1 0 9 117 17 301 . 25-3834 33 135
2 -6 10 153 18 i8¢ 26 85 54 134
3 22 11 158 19 SE. .27 152 35 143
4 2 120 187 20 ¢ “28 88 36 198
5 g 13 -301 21 48 29 135 37 835
6 93 14 1539 22 53 30 88 38 1343 .
L7208 15 231 33 BT 31848 .imo b
8§ 579 18 Y83 24 49 32 18
Surface Heights om
0 -600 630 690 745 €90 630 -800 O '
TEST 3¢ SET”3 nicrovalte
1 9 9 180 17 211 25 -3807 33 149
2 -7 10 214 18 4s 26 {15, 34 78
3 25 11 -209 19 480 27 y8@ 74
5 3 12 238 20 -1 28 111 3 108
5 16 13 -756 21 45 29 176 37 715
§ 109 {4 171 22 56 30 120 38 1388
7 287 15 208 2% 41 @1 691 ’
8 415 16 126 24 P22 84
Surface Heights mm
0 -G00 630 690 745 630 &30 -600 O
SO T e g T o R 4
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TEST 30 SET 4

1 o s 171 17 186

2 -7 10 222 18 45 26

§ 27 11 217 - 13 446 %

443 12 284 20 -2

5 25 43 -725 9] 48 D

& 120 14 180 22 62 1332
7 243 1S 191 23 43 3B

§ 420 16 125 20 713 B

Surface Reights mn
0.-530 620 68¢ 735 680 &20 -590 g

TEST 30 SET 5 | microvolts
1 0 9 171 17 193 25 -3788 33 123
2 -10 10 239 18 4 B 124 34 72
328 11 218 19 424 7 is8 3 &
cyUBy o2 B2y g s g 128 36 {08
5 3 13 -718 21 43 S 186 37 634
E 128 14 133 22 &7 D 118 38 1827
7 259 15 205 23 51 1727
8 430 16 102 24 83 2 193
Surface Helghts  mnm| .
0 -590 620 680 725 680 6pD -580 0
)
TEST 30 Sg? & | microvolts
1 0 9 473 17 183  P5 -a781 33 114 .
2 -0 10 238 18 42 P& 125 34 60
330 11 220 19 408§y 208 3w 7
4 54 1z 23 z0 -2 28 135 38 110
5 31 13 -713 21 48 35 (30 & 602
6 133 14 107 22 72 30 117 38 1319
7 268 15 {30 23 55 B 734
8 436 16 108 24 #E  B82 172
Surface Helghts mm » “a
0 -590 620 675 720 A75 620 -590 O |
o
CR




D=4

© 0 -585 615 660 705 660 610 -580

TEST 3% SEY 7 microvolts
10 9 172 17 130 25.-3779 33 <132
2% 10 241 1 45 28 122 34 3
3 1 222 18 3% 207 35 67
4 2220 -2 136 36 107
5 13 =711 21 51 29: 193 370 574
6 14 124 22 75 30 119 38 1306
7 18 166 23 59 N 731 -
8 16 103 24 90 %2, 1¢
Surface Heights mm
0 -385 615 €70 7.0 670 615 -585 9
TEST 30 SET' § microvols
1 0 3 172 17 194 25 -3778 33 106
2 i~14 16 248 18 44 26 126 34 69
- 3...1.27 11 233 19 389 27 207 35 61
4163 12 219 20 -4 28 134 36 108
5 137 13 -713 21 49 28 1896 37 566
6 {145 14137 22 4 30 108 38 1297
71273 15 135 23 &1 31 7338
8 1434 .18 102 24 92 32 145
i Surface Helghts mm N
s 0
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TEST 31  SET 2 microvolts
1 0 g 120 17 360 25 -3824 33 136
2 -8 18 161 g 190 26 72 3 133
3 13 11 159 19 566 27 144 35 148
4 18 12 184 20  -10 28 H 3 196
5 -3 13 -804 21 44 29 137 37 830
6 34 14 163 22 45 30 87 38 1344
7 208 15 22r 23 23 31 UsHY v T
8 482 16 196 2 37 I1s

Surface Helghts mm
0 ~600 625 690 745 685 625 -600 [t}

TEST 31 SET & microvalts TR
1 0 3 172 17 251 2% -3796 33 142 ¢
2 -1 10 226 18 41 26 86 34 84
3 15 11 226 19 477 27 181 33 67
“ 4 32 12 256 20 -7 28 121 36 105 B
5 10 13 -~742 21 46 29 180 37 703 ¥
6 110 14 187 22 48 30 118 38 1334 -
7 240 15 220 23 32 31 706 .
8 506 16 129 24 55 32 188

‘ ,‘F
<
Surface Heights mm B : "1"
0 ~600 625 690 745 685 625 -600 0
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D1-16

TEST 31 SET 4

nicrovolts

0 4 175 17 238 25 -3786 33 180
-12 10 1281 18 37 26 102 34 56
17 11 - 226 19 448 27 190 35 64
39 1 256 20 -8 28 125 3 106
16 14 <724 21 45 29 177 37 eb2
112 14 184 22 54 30 114 38 1328
251 15194 23 37 31 729
510 6 106 24 59 32 187
Surface Heights am
# -595 620 685 735 680 620 -595 0
TEST & SET S microvolts
1 0 9 184 17 232 25 -3776 33 141
2 - 10 241 18 36 25 105 34 50
3 19 1 228 19 433 27 194 85 58
4 45 12 233 20 -8 28 127 36 105
5 22 13 -722 21 48 29 184 37 638
6 119 14 188 24 59 30 118 38 1825
7262 15 176 23 45 3t 727
8 512, 16 102 24 68 32 165§
Surface Heights wmm
0 -595 620 675 725 675 620 -59% 0
TEST 31 SET 6 microvolts
1 0 9 185 17230 25 ~3767 83 103
2 -13 10 241 18 34 26 105 34 40
3 16 1 221 19 4lg 27 197 35 58
4 4% 12 280 20 -9 28 130 36 104
5 22 12 -710 21 Ag 29 183 37 518
6 124 14 125 22 63 30 121 38 1318
7 267 15 167 23 48 3t 722
& 514 16 78 24 77 32 137
Surface Heights mm
0 -580 615 &70¢ 720 670 615 -580 0

. i




b1-17

TEST 3t SET 7 microvolts
182 17220 25 -3763 33 81
234 18 35 26 105 34 41
212 19 403 27 193 35 37
224 20 -10 28 131 3 102

-712 21 48 23 173 37 5%
a0 22 63 30 97 38 1310
150 23 52 31 73t
72 24 77 32 114
Surface Helghts mm

610 665 715 665 B15 -590 0

TEST 31 SET 8 microvolts

1 0 9 184 17 223 25 -3759 33 02

2 -4 1m 240 18 34 26 109 . B4 41

3 it 1 217 19 308 27 185 35 62

4 51 12 233 20 -10 28 125 36 104

5 28 13 -713 21 47 28 179 37 5

5 131 14 97 22 63 30 88 38 “1302

7277 15 15! 23 54 31 788 .

8 511, 16 87 24 83 32 118

Surface Heights mm
0 -536 610 8BS 710 665 615 -530 0
TEST 31 SET 8 microvolts o

i mme=s =ai - i
: 1 a 9 184 170 227 25 -3760 33 81

2 -14 10 23¢& 18 35 26 108 34 45 .

| 20 11 198 19 397 27 197 as 80

4 52 12199 20 -1 28 130 36 108

5 30 13 -724 21 47 29 183 37 580

g 13 14 115 22 67 30.. 100 38 1297

7218 15 145 23 56 3 727

8 509 16 96 24 84 32 17

Surface Heights mm ’ N
0 -590 &10 860 705 680 B15 -590 4 !




D1-18
'

AX‘\\ A

Sty
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TEST 3 RET 10 microvolts
1 { 9 182 17 219 25 ~8745 33 102
2 -13 10 218 18 33 26 11a 34 39
3 17 111891 ¢ 19 389 27 208 35 59
4 50 12 M2 20 10 28 133’ 36 100
5 24 13 -732 21 42 28 176 37 574
6 127 14 133 22 63 30 87 38 1282
7 280 15 144 23 54 31 719
8 508 16 81 24 B84 3% 188
Surface Helghts mm
6 -585 610 655 700 650 615 -590 i
TEST 3% SET 11 microvolts
1 0 s 17 228 25 -3777 33 160
2 13 10 212 18 34 26 110 34 41
3 7 13 182 13 389 27 190 35 59
L] 43 12235 20 -1 28 124 36 102
S 18 13 -739 21 %6 29 175 37 573
6 129 14 117 22 61 30 95 38 1264
7 275 15 126 23 48 31 710
8 512 1% 73 24 72 32 108 E
Surface Heights wmm i
t Cr
0 -585 605 645 690 645 615 -533 Q M, =
TEST 31 SET t2 microvolts
109 i85 17 231 5 -383] 38 67 . B
2 -1 10 227 18 36 26 91 34 56 {
3 0 "7 19 368 27 188 35 88 i N
4 9 12 20 20 -1 28 120 3B 102 .
5 ~3 13 -79] 21 30 29 167 37 567 it
&€ 10 14 103 22 26 30 88 38 1186 y
7 236 15 133 23 27 3 674
8 481 18 84 24 51 32 148
Surface Heights mn
0 -585 605 800 645 600 €05 -530 [}
- . e - - . o ..A&A*MAQ__A_‘JB_
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9 9 137 17 225 33 92
-10 10 189 18 36 34 61
~1 1 132 19 380 35 4 63
-6 12197 200 -1 3% 102 s
~30 13 -841 21 28 37 538
82 14 106 22 16 38 1068
178 i5 153 23 -1
455 16 &6 24 23

Surface Heights mm

0 -580 575 560 570 555 580 -560 1]
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D2-1

Velght= 1474.7 N
Dens{ty= 1607.2 Ka/M'3

. Yolume=
Welght Factor=

93,5 Litre

1.204

Normal Stress(Par’

189.2 94.5
487 .5 520.3
435, 1262.6
1277.4 1226.9
1596.1 1323.1
3699.0 3336.0
4223.9 4413.6
4277.2 4366,5
4117.0 4251.7
4818.6 4822.5
493144 5130.1
5308.7 5377.4
5818.2 4713.7
5884.8 4348.7
5031.0 4038,5

Shear Stress/Friction Angle

518.9% Pa
30.56 Deg

1842.6 Pa
21.22 Deg

1776.8 Pa

18,38 D

eg

400.5 Pa
24,82 Deg

1520,2 Pa
19,81 Deg

2173 3 Pa
+30 Deg

Nexght‘ 1467.0

Density= 1598.8 KQ/H"3

e=

93.5 Litres

Volum
Weight Factor= 1.148

Normal Stress(Pal

0,2 22,5
492.2 5221
1035,1 1364.2
1645,7 1626, 1
2088.4 18244
4711.8 4264 .4
5526.2 5702.7
5806.6 57741
5606.8 8470.4
6455.2 5755.5
5601.8 5278.7
4936.3 5743.3
3764.5 3356.6
2977.8 2406.3
1385.5 1233.2

Shear Stress/Friction Angle

580,4 Pa
28.94 Deg

1434,1 Pa

21,

15 Deg

473.1 Pa
2415 Deg

4

o
=

Pa
38 Deg .




TEST 27 SET 4

Weight= 1462 Yolume= 92,6 Litres
Denslty' 1610, 6 Kg/M 3 Height Factor= 1.164
Normal Stress(Pa) Shear Stress/Friction Angle
61.0 0.0 637.4_Pa 513.3 Pa
833.1 502.9 27.87 Deg 23,81 Dég
1170.5 1491,%
1801.9 1851.1
2289.8 2055.2
4900.4 4356,7 2104.2 Pa 2007.3_ Pa
1 53940.6 5822.7 19.93 Deg 19.97 Deg
' 6096,3 §080,9
» 5813.6 5889.8
; 6873.0 5799.6
5137.9 5089, 4 1353.1 Pa 1583.4 . Pa
48441 5604.3 22.24 Deg 25.43 Deg
3254.5 26621
2426,0 2182.8
1242.6 1219.8
SET 5 i
Volume= 81.4 L;tres
Density= 1612 2 Kg/M‘3 Keight Factor= 1.179
Normal Stress(Fa) Shear Stress/Frxct}Pn Angle
30, 0.¢ 688.1 Pa 553,89 Pa
645,7 589.6 27,84 Deg 23.39 Deg
1348,8 1620.2
1993,6 2079.5 . 2
2514.1 2219,9 . (//
5305.8 4600.7 2183.4 Pa 2080.6 Pa
6158.2 426.0 20,49 Deg Y. 19.95 De |
5093.8 6387.6
5599.3 5878.1
5130.9 5728.7
3843.8 4888. 1 1283.3 Pa 1464.4 -Pa
37580 4089.8 24,11 Deg 25.55 Deg
3325.6 2668.0
2238.3 2437.9
1340.4 1235.2 >




TEST 27 SET 6

D2-3

Weight= 1332,0 M
Density= 1623.4 Kg/M"3

Volume= 87.4 Litres
Height Factor= 1,192

Normal Stress(Fa)

0.0 0.0
425.8 325.2
1302.0 1638.4
2084.3 2162.0
2764.4 2361.7
5865.1 5065.0
§140.8 6281.4
162.1 5529.8
5238.7 5355.5
5697.6 6193.7
295b.5 3814.6
3800.1 4296.0
2787.2 2641.7
2281.0 2202.3
1800.1, 1249.0

Shear Stress/Friction fingle

699,1 Pa 565,38 Pa
27.86 Deg 23.77 Deg
2107.4 Pa - 2022.2 Pa
20.29 Deg 19.60 Deg
1216.2 Pa 1379.1 Pa
25.32 Deg 26,17 Deg

TEST 27 SET 7

Hetight= 1215.5 N
Density= 1621.6 Kg/M"3

Volume= 76.4 Litres
Height Factor= 1,172,

Normal Stress¢Pa)

30.7 0.0

83.7 53.3
365.7 382.2
772.6 727.9
1698.5 1379.2
3940,9 3171.8
4818.0 5074.7
5846,9 5984.2
5748.1 $408.3
4934,8 3653.2
4184.2 4383,7
3244,7 3844.9
2799.5 2707.4
21185 2003.4
1223.7 1227.8

Shear Stress/Friction Angle

429.9 Pa 313.4 Pa
34,71 Deg 30.66 Deg

1818.9 Pa 1758.7 Pa
20,93 Deg 21,26 Deg

1164,7 Pa 1302.7 Pa
23.22 Deg 24.72 Deg

CE e




TEST 27 SET B

Nelght- 1036,8 N
Dens;ty’ 1620.6 Kg/M"3

Volume= £3.2 Lstres
Weight Factor= 1.151

Normal Stress(Pa)

Shear Stress/Friction Angle

60.2 0.0 214,3 Pa 166.4 Pa
-27.4 -52.3 47 .44 Deg 39,50 Deg
188.7 160.9
164.9 265.9
571.9 564.4
2650.7 2426.8 1568.4  Pa 1522,6 Pa
40E3.6 3973.1 21.41 Dpa 32.31 Deg
4112.8 43861 7
44700 3920.3 ;
4870.5 4045,0 !
3131.6 3682.7 1095.4_ Pa 1204.3  Pa
3438, 43331 23,45 Dea 24,03 Deg
2895,6 2387.5
2185.1 2084.4
1201.7 1175.7
i TEST 27 SET 9
T Helght= 803.0 N

LN Density= 1673.3 Ka/M"3

Volume= 48.9 Litres
Weight Factor= 1.120

B Normal Stress(Pa)
¥

58.7 0.0

26.7 -25.5

‘o 19,4 6.1

-95.3 78

s 116.0 109.9

o 593.1 564.1

- 1164.9 383.7

1938,5 2401.6

: 3a81.,2 3566.9

4431.2 £313.7

3789.5 3660.2

3183.2 3765.7

2789.9 2648.8

E 2160.5 1915.0

1169.7 111500

Shear Stress/Friction Angle
118.3 Pa © 72,9 Pa

74,95 Deg 67 .16 Deg
1099 1182.1 Pa
~p Deg 25,50 Deg
1027.9 Pa 1107.5 Pa
21,63 Deg 23,12 Deg




aw

D25

Helght= 632.0 N
Density= 1693.2 Ka/M"3

TEST 27 SET 10

Volume= 38.0 Litres
Welght Factor= 1,12

Normal Stress(Pa)

29.4 0.0
0.0 0.0
8.0 26.2

-64, 27.9
23.3 22,1
-29,8 212.3
679.7 510.6
1010.6 876.4
1521.9 1103.9
3739.8 3847.3
2948.6 3166.5
3214.8 3808.2
2628.3 2385,0
2186,4 2200.7
11477 1177.8

Bhear Siress/Frictlon Angle

96,9 Pa
289,50 Deg

688.4 Pa
25,60 Deg

990.2 Pa
22.56 Deg

54,2 Pa
74,75 Deg

" 753.8 Pa

28.62 Deg

1040.9 Pa
22,56 Deg




D2-6

TEST PB SET 2

Netht= 1478, Volume= 94 2 thres
Density= 1599,1 KQ/N 3 Weight Factor= 1.2
Normal Stress(Pa) Shear Stress/Friction Angle
157.9 94,6 412.2 Pa 398.0 Pa
£83.2 975.7 24,78 Deg 24.76 Deg
) 815.2 1095.4
1278.8 1258.2
R 1547.9 1371.8
@ 3894.4 3187.7 1602 Pa 1573.8 Pa
. 4374, 1 4199.2 20.74 Deg 21.35 Deg
A417,2 4700.2
4496 .0 4047 .8
5001.4 4201.1
5025.0 5026.8 1758.4 Pa 2208.8 Pa
5447.1 5350.6 18,05 Deg 24,41 Deg
5546,5 4718.6
5863.0 43987 1
5232,2 4358.6
TEST 28 SET 23 i ,
. Welghte 1469.2 Volume= 94 2 Litres |
W Density= 1589.6 Kg/N 3 HeLght Factor« 1,179
b Nermal Stress(Pa) Shear Stress/Friction Angle j
92.5 23.1 494.7 Pa 465.8_ Fa !
561, 616.4 24.59 Deg 23,17 Deg i P
1021.8 1318.1 . é
1621.9 1698.7 “
2099.1 1873,0
5180.6 4303.8 2142.6 Pa 2077.5 Pa
5673.4 5462.0 20.03 Deg 21,95 Deg
5828.8 5881,9
6017.8 5383.3
5652.0 5044.1
5461.9 5233.3 1416.8 Pa 1689,1 Pa S
4745.7 5167.7 21.58 Deg 26.24 Deg .
3655, 3195.9
2784,2 2340.4
1367.7 1296,9 A,
i
[ 4
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TEST 28 SET 4

KHeight= 1464.8 N Volume= 83,1 Litres
Density= 1603.6 Kg/M"3 Meight Factor= 1,190
Normal Stress(Fa) Shear Stiress/Friction Angle
31, 539,4 Pa 507.8 Pa
595,4 24,51 Deg 23,61 Deg
1135,
3 1842.8
2317.3
: 5358.4 2270 ta 21094 Pe
5787.6 20.22 21.83 Deg
5983.9
6130.7
6793.5
5020.1 1361.8 Pa 1589.5 Pa
4511.1 22,55 Deg 26.11 Deg
3237.8
2481.1
1243.2
‘ TEST 28 SET 5
Helght= 1453 Volume= 91.8 Litres
Density= 1613, 8 Kg/N 3 Weight Factor- 1178
Normal Stress(Pa) Shear Siress/Friction Angle
0.9 23.1 588.2 Pa 524.1 Pa
728.0 668.2 23,50 Deg 22,74 Deg
1304.4 156141
2156.8 1927.7
2604.7 2167.8
5695.9 4773.3 2165.9 . Pa 2170.5_Pa
6056.3 60882 19.84 Deg 21,37 Deg
6183.1 6416.2
5923.4 5775.2
£188.6 4066.5
3545.0 5272.3 1273.6 Pa 1469,3 Pa
4433,2 49842 23.10 Deg 24, 10 Deg
3525.8 2660.8
2504.5 2238.9
1282.2 1293.4




Height= 1425.2 N
Denstty= 1606.6 Kg/M*3

02-8

TEST 28 SET 6

L L T L L L T L L e

"Wolume= 80,5 Litres
Weight Fagtor= 1.158

Normal Stress(Pa)

Shear Stress/Féiction Angle

-93,5 0.0 841.8 Pa 550.7. Pa
766.7 5954 2416 Deg 32157 Deg
; 14857 18914 b 7
e 2338.0 20896
: ; 2785.0 2334.8
o 5514.6 4907.6 2168.2 Pa 2155.2 Pa
. 83331 827219 19,81 Dea 20.80-Des
8233.2 64853
e 5759.3 57235
‘ : 8230.8 g3i1.a
. 3g47.5 3513.9 1220, Pa  1474.0 Pa
42937 1857.8 35.61 Dew 25.73 Deg
. 25471 24874 paiAg s
2452'3 23859
I 1242.8 1347.3
o
N : TEST 28 * SET 7
S _

’ Height= 1401.9 N
g N Dengity= 1628.6 Kg/#"3

‘ Valume= 87,7 Litres
#eight Factor= 1,189

Normal Stress(Pa)

-62.3 G
424,7 405.4
1401.5 1634.0
22431 2156.2
28801 2355.4
6011.7 4864.3
5923.1 §408.6
5878.5 6395,5
5778.8 5781.4
5732.4 4905.4
4460,9 3831.2
2987.0 4188.6
3112,1 2578,6
2312.4 1999.7
12690 1214,5

Shear Stress/Friction fngle
6311 Pa 538.5 Pa

24,55 Deg 22.57 Deg
21401 Pa 4.4 Pa
20,04 Deg 20.79 Deg
1212,9 Pa 18348,5 Pa
23.31 Deg 6,24 Deg




TEST 28

b2-9

SET. &

“Height= 1238.7 N
Density» 1835.4 Kg/M™3

Vo lume=

Height Factor= 1, 181

2 Litres

Normal StressfPa)

Shear Stress/Friction Angle

-61.8 0.0 374.2 Pa 281.7 Pa
56,3 1074 30,39 Deq 25.38 Deg
389.0 495.2
814.0 792.2
1760.8 1482.6
« 4252.2 3368.3 19356 Pa 1910.4 Pa
' 43398.3 5114.3 21.98 Deg 21,29 Deg
5228.9 5386.3
5425.9 5101.7
4376.5 5558.8
3445 .2 4577.6 1192,4_ Ph 1304.0_ Pa
3721,7 4160.8 24,67 Deg 23.97 Deg
23411 2672.8
2433.8 2118.7
1205.8 1175.5
TEST 28 SET 9
Weight= 1085.4 lume= 67, 2 Litres

N
Density= 1646.5 Kg/M"3

Vo
Height Factor= 1,13

Normal Stress(Pa)

~28.7 Q.
-54,0 0
157.2 264,
1624 366,
750.9 st
2974.5 2746.7
4413.1 4280,
4406,8 5036,
4150.,7 4112,
5178.4 5299,
3889.8 3789,
3262.0 3627,
2678.8 2565,
2230.7 2062,
1183.5 1187,

Shear Stress/Friction Angle

148.1 Pa
34,49 Deg

1M1
22, GG Deg

142.0 Pa
31,54 Deg

16 2.2 Pa

21,40 Dey

1208.8 Pa
24,71 Deg

i




D2-10

TEST 28 §ET 10

Weight= 799.7' Volume= 4B.7 Litres
Density= 1673.2 Xg/M"3 Weight Factor= 1.149
Normal Strest?™2) Shear Stress/Frictlon Angle
-30.1 0.0 0.0 Pa 38.8 Pa
0.0 ~26.1 0,00 Deg 31,54 Deg
-18.8 0.0
-98.8 0.0
47.8 1127
! 547.7 651.1 1118.9 Pa 1150,0 Pa
1111.9 1218.2 21.61 Deg 21.40 Deg
2221.5 2464.2
3520.4 337€.2
2501.2 47071
3352.9 2211.7 1054.7 Pa 1150.8 Pa
3370.8 4296.8 22.86 Deg 24,71 Deg
2541.3 2248,9
2235.5 2028.3
1120.2 11741
TEST 28 SET 11
Weight= 621, Volume= 37,4 Litres
Denslty= 1893, 5 KQ/M 3 Welght Factor= 1.145
Normal Stress(Pa) Shear Stress/Friction Angie
: 0.0 g.0 -19,1 13.8
! (.0 ~26,0 32,40 Deg ~70.77 Deg
: -39,7 0.
-98.5 28,5
~23.7 ~22.5
60,6 108.1 632,88 Pa 741.7_ Pa
6371 824,3 29,01 Deg 28.27 Deg
978.2 848.3
1220.2 1272.3
3135.0 8710.6
3200.9 3871.6 1002.9_ Pa 1077.8 Pa
3275.6 3449.9 21,67 Deg 22,76 Deg
2736.2 24031
2413,3 2021.2
1196.0 11401
N i .




D2-11

Height= 1435.0 N Volume= ¢
Density= 1572.7 Ka/¥"3 Height Factor= 1,172
Normal Strecs(Pa) Shear Stress/Friction Angle
0.0 414.3 P4 350.7 Pa
480.3 26.56 Deg 22.88 Deg
1066,3
1253.9
1427.5
5324.7 16035 Pa 1439.6 Pa
4371.9 20.96 Deg 19.16 Deg
4117.,8
4143.1
4807.0
5369,3 1666.6_ Pa 2138.4 Pa
5397.8 17.72 Deg 23.34 Deg
4953.8 .
5145.9
4058,3

TEST 23 SET @

Yolume= 91,9 Litres
Héight Factor= 1,127

Shear Stress/Friction Rngle

! ;8 479.4 Pa 396.6 Pa
571.2 1432,2 25.80 Deg 23.71 Deg
938.2 1550.6
1518, 13445
1867.2 17633

4805.6 2.7 1942.9 Pa 1818.1 Pa

5371.7 = 19.33 Deg 18.83 Deg

5169.3 W79

5855.7 1%

5433.3 2.8

5638, 4 5538.6 1393.3_ Pa 1669.3 Pa

50934 83974 20,47 Deg 25.05 Deg

3667.7 35085

3080.5 2367,

1334,3 1181.3




TEST 29

SET 4

Height= 1421.8 N
Density= 1584,2 Kg/#t"3

e= 91,5 thres_

Yolum
Weight Factor= 1.137

Nornal Stiss(Pa)

Shear Stréss/Friction Angle

-29.8 . 22.3 521.7 Pa 444.0 Pa
568.9 %413.8 26.58 Dey 22.64 Deg
1045.2
1636.3
2025.6
4938.9 2053.3 Pa 1892.1 Pa
5777.2 19.55 Deg 19.08" Deg
5573.4
£135.1
6514,7
5382.0 1325.0 Pa 1547.2 Pa
4247.8 21.79 Deg 25.19 Deg
_— 34381
R 2344.2
. 1135.0
TEST 28 SET 5
Weight= 1416.3 N Volume= 91.3 Litres
i Density= 1581,5 Kg/M"3 Helght Factor= 1,138
Normal Stress(Pa) Shear Stress/Frictien Angle
©~59.8 0.0 544,2 Pa 460.8 Pa
589.3 388.2 26.51 Deg 22.90 Deg
1164.4 1299.4
169€.8 1753.6
2121.4 2054.4
5093.4 4514,5 2071.¢ Pa 1928.2 Pa
809.2 5653.9 19.86 Deg 18,15 Deg
5705.6 6079.6
5887.2 S676.4
62321 6015.3
5162.9 4925.6 1284.1 Pa 1471.2 Pa
: 5602.8 1.74 Deg 24,34 Deg
2415.4
2322.9
1133, 1




D2-13

TEST 28 SET 6

Weight= 1410,7 N

Density= 1595.7 Kg/M"3

Yolume= 90.1 Litres
Height Factor= 1.139

Normal Stress(Pa)

Shear Stress/Friction Angle

-25.8 ="0,0 573.3 Pa 488.8 Pa
651.3 492.3 25.78 Deg 21.89 Deg
1284,2 14601
. 1861.9 1925.3
2241,6 2257.7
¢ 5038.4 4662.6 2090,9 Pa =1921.6 Pa
5842.9 5935.8 . 19.54 Dey 18.81 Deg
5916.5 6085.9
6146.3 5541.7
§574.5 6130.0 .
4330.2 4725.3 1246.5 Pa 1387.0 Pa
4670.7 4565.3 21,80 Deg 24.35 Deg
3070.0 3062.7 R
2612.3 1879.7
113741 1134.3
TEST 23 SET 7
Kelght= 1405,2 lume= B9.9 Litres

2N
“Density= 1532.0 Kg/M"3

Vi
Weight Factor= 1.158

Normal Stress(Pa)

=60, ~22.7
662.1 500.4
1345, 1484.2
1992.3 1929.3
235D.6 2295.%
5305.7 4812.7
6135.6 6174.3
6118.5 6276,9
6118.4 5719.1
6122.2 55941
3549.8 4751.2
4262.,6 4299.4
3032.4 2512.5
2387.3 226%.9
1155.9 1183.4

Shear Stress/Friction Angle

592.4 Pa 502.4 Pa
25,44 Deq 22.29 Deg
2131.2 Pa 1971.0 Pa
19.76 Deg 19,20 Deg
1221.5 Pa 1389.6 Pa
23,42 Deg 24.86 Deg

Tt



SET

2

Helght= 1465.9 N
Density= 1584.6 Kg/H'3

1 ume=

Vo 94 3 Litres
Weight Factor= 1.2

Normal Stress(Pa)

Stear Stress/Friction fingle

192.6 72.2 446.5 Pa 390,0 Pa
436 % 525.7 27.69 Deg 24.48 Deg
74410 1142.5
: 1159.8 1188.1
1624.9 1419.1
- 4025,3 3280.3 1705.6 Pa 1525.8 Pa
¢ 4092°3 4418.8 2%.52 Deg 20.61 Deg
» 3396.0 4206.2
4381.6 4086.1
5008.6 44222
4839.5 5001.4 1792.6_Pa 2175.5 Pa
5182.0 5210.4 16.72 Deg 24.56 Deg
5545.9 47696
5621, 48349
5377.7 4i11.2
TEST 30 SET 3
Weight= 1461.5 Yolume= 84,3 Litres

N
~ Denslty= 1579.8 Kg/M'3

Height Factor= 1. 2uo

4 Normal Stress(Pa)
I
158.2 47 .4
575.4 468.9
984.4 1210.2
1419.8 1470.8
2001.2 1682.6
5117.5 4372.7
5288.5 5670.9
Sy 5430.6 5227.%
¢ e 5684.7 5248.7
6232.2 5538.7
5123.7 5009.5
4819.6 5588.6
3715.2 3104,5
3021.2 2465.2
1401.7 1284,2

Shear Str:ss/Frictxon fingle

537.3
27.4

2114.8

Pa
7 Deg

Pa

20.81 Deg

1502.8

Pa

22.79 Deg

462.8 Pa
'25.66 Deg

1942,0 Pa

20.54 Deg

1779.6 Pa
27.85 D




TEST 30 SET 4

Weight- 1453.8 N

Density= 1604.3 Kg/M"3

Volune= 92.4 Litres
Weight Factor= 1.201

Normal Stress(Pa)

Shear Stress/Friction Angle

157.2 23.6 574.3 Pa 432.1 Pa
629.4 518.9 25,62 Deg 24.20 Deg
1207.8 1371.2
1721.7 1671.4
2263.5 1955.8
5247, 4499,2 2195.2 Pa 2022 ,6--Pa
§578.2 5828.7 20.93 D 21,87 Deg
3615.8 5619.4
5865.8 5337.6
6348.7 5213.8
5359.8 5008.2 1386.7 Pa 1603.8 Pa
4420.3 5427.7 22,20 Deg 25,90 Deg
“ 3663.6 2888.7
2308.7 2120.0
1282.3 1185.7
i 1
« ) ; o
; TEST 30 -SET &

Height= 1448.2

Denslty= 1605.2 Kg/H”S

lume= 92,0 Litres 1
Welight Facfor= 1,204

Normal Siress(Pa) Shear Stress/Friction Angle
63.1 23.6 609.1 Pa 513.6 Pa « o
653,86 547.5 25,55 Deg 23,19 Deg .
1252.5 1514.8 §
1932.9 17651 e
2468.4 2196.7 =’
5578.8 4699,5 2221.4 Pa 2045.8 gaf
5591.5 6017.0 21,00 Dey 20,47 Deg
5872.9 6008.4
5906.€ 5528,8 o
5988.6 5483.7
3985.2 5237.3 1320.3_ Pa 1529.0 Pa
4738.0 4728.2 23,15 Deg 25.26 Deg
2968.5 2324,0
2676.7 2125,0
1341.3 1198.6
’ o . i N



SET 6

Density= 1605, 9 KQ/H 3

ume= 91.4 thres
Helght Factor= 1,207

Normal Stress(Fa)

5
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Shear Siress/Friction Angle

640.8 Pa
25.76 Deg

2241.8 Pa
20.66 Deg

1272.8 Pa
24.34 Deg

538.1 Pa
23.05 Deg

2072,3 Pa
2015 Deg

SET 7

l -
Height ractor

5012 Litrec

Hormal Stress(Pa)

ey

NWOEHM NEEND B

SWWWLL OWUIAL oW
©MUbE 0OHM

Shear Stress/Friction fngle

§65.9 Pa
24.58 Deg

22645 Pa
21,060 Deg

1243.8 Pa
23.58 Deg

548.0 Pa
22,28 Deg

2078.4 Fa
20.04 Deg--

1361.1  Pa
26.27 Deg

/




TEST 30 SET 8

a

D2-17

===..-=:--a=====...v.-=,====u“==—y.=----u====.,.“==n===u

Weight= 1415,1 N
Denslty= ‘620 5 Kg/M*3

Volume= 9.0 Litres
Helght Factor= 1,208

Normal Stress(Pa)

Shear Stress/Friction Angle

-63,3 =23,7 £58.8 Pa 547 .4_ Pa
633, 1 843 4 .. 24.80 Deg 22.37 Deg
1508.3 1717.0 ‘ -
21474 4
2802.2 2417.7
5726.2 4791.8 $244.0 Pa 2071.2 Pa
56401 6367.1 0.71 Deg 20.30 Deg
6354,9 £311.8
63254 5846, 7
5743.9 5096
4117.5 3948 27 1218.7_ Pa 1328.1 Pa
$213.8 4192,1 23,37 Deg 25.26 Deq
2978.8 28486
25461 2032.4 &
1261.8 12028 ot
5 , '
i
-
a4
e
¥l .
3 i
I #: ’ q
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D2-18
TEST 31 9ET 2
Welght= 1452.7 Volume= 93 g Litres
Density= 1578.4 Kg/N 3 Weight Factord 1,185
Normal Stress(Fa) Shear Stress/Friction Angle
-372.4 -46.5 398.5 Pa 399.7 Pa
366.9 377.2 33.27 Deg 26,78 Deg
719.8 1104.2
951, 1295.4
1428, 1325.0
3921.6 2946 .8 1660.,1 Pa 14896 Pa
4127.0 44147 21.25 Deg 20,16 Deg
3941.8 4573.3
4445 4212.3
4840.6 4382.5
gesgmr men UELE
18, 258, LR
89933 48511 Des o8
5652.6 5082,2 ’
5889,8 4066, 4
TEST 31 SET 3 .
Weight» 1441.8 N Volume= 93,8 Litres '
Densiiye 1566,4 Kg/M°3 Weight Factor= 1,154 M
Nernal Strosa(Fa) bhear Stress/Frictioh fingle \‘:; B
-151.1 22,8 L,490.8 Pa o+ 4B7.2 Pa |
412.3 £18.8 28,03 Deg 26.14 Deg | L
80,4 11561 . s n
13564 1519.8 4 &
20074 16980 N T
it 4552,9 2741,6 2080,5 Pa 1937.4_ Pa L N
i . 5479, 1 5892 ,4 20.33 Deg 20,79 Deg 3 .
Lo 5525.3 5603.9
. 8045,7 5327.7
6464.3 5397.2
54325 49678 14264 Pa 17148 Pa c
5130.0 5308.0 21.48 Deg 26,74 Deg LE
3871.9 3401,2 o
2532.% 2291.4 -
1298.8 1209.8 . #
A%;
R




D2-19

TEST 3'I SET 4

Weight= 1435.0 N Volune= 82,7 Litres L
Dens{ty= 1578.8 Ka/M"3 Weight Factor 1,165 -
n : Normal Stress(Pa) Shear Stress/Friction Angle . s
o -183.0 0.9 531.0 Pa 493.7 Pa it
L 471.7 397.3 27.84 Deg 25,95 Deg .
e 1131.0 13298 .
1568.5 1678,8 4w g
& 2074.5 18054 b
i A718.0 3996.7 2182.0 Pa 2023.6 Pa °
5607.0 5362.5 20:62 Deg 21.13 Deg g
5708.1 640.1
6102.5 5281.5 =
6525.0 5268.9
i ’( 5397.9 4988.,3 1350.9 Pa 1608.0 Pa
~ 4562.8 4981.8 22.24 Deq 26,61 Deg
3227.3 2664, 1 Ay
2185.1 2216.6
1162.5 1251.2 ‘@,
~§"
R TEST 31 SET S o
} E Helght= 1431.7 o lume= 91»/ Litres: ! =y o
Density= 1582“ Kg/H 3 Welght Factor= 10167 7) p
Normal Stress(Pa) Shear Stress/Friction fingle A
-152.2 0.0 567.7 Pa 528.7. Pa W/ ,
528.1 A77.6 26.86 Deg 24,57 Deg
1254.4 1468, 1
1773.0 1913.7 H
2247.4 2014,6 o
4789,2 4114.0 2161.6 Pa 021.3 Pa
5871.0 6114.,4 20.72 Deg 20.64 Dey
5980.6 6141.8 ¢
61651 5502.6 P
5971.4 5350.5 e
5521,9 4418.5 1307.3 P= 1540.5 Pa 5 7
4252.,0 5336.0 21.98 Dez 26.22 Deg’ ‘
31144 2503.8 =
2107.9 2349.,2
1187.5 1222.8 2
:
. |




TEST 81

D2-20

SET &

Helght= 1424.0 N
Denslty= 1600.6 Kg/M"3

Volume= 80.7 Litres
Weight Factor= 1.202

Normal Stress(Pa)

Shear Stress/Friction Angle

-220.3 =238 601.4 Pa 570,86 Pa
458, 491.8 27.54 Deg 24,18 Deg
1292.0 16241 .

1826.1 2060.6

24381 2287.2
4986.2 4237.2 2262,1 Pa 2066.6 Pa
6075.8 6406.8 21,13 Deg 20,23 Deg
6169.7 6466,3

163,0 5637.7
6074.3 5694.,5
3830.8 3792.8 1292.7_ Pa 1526.8 Pa
4182.2 4461.3 25.47 Deg 28,09 Deg
2474.5 2295.4
21153 2088,1
1115.7 1228.0

TEST 381 SET 7

pamse

Welight= 1415.1 N
Density= 1603.8 Kg/M"3

Volume= 8%9.9 Litres
Weight Facter= 1.238

Normal Stress(Fa)

-259.7 ~48,6
560.9 507.3
1396.8 1674.8
2060.8 48 .1
26h3.2 2958.5
§152.1 4369.4
8175.5 86817
6156.8 8716.4
§107.7 5507.5
B107.2 4962.9
2886.8 3268.2
3328.9 3667.0
2362,7 2396.2
1894.8 2119,
179.3 1201.,4

Shear Stréss/Frictign Angle

64413 Pa §00,3 -Pa
26,78 Deg 24,35 Deg
2326.6 Pa 2159.4 Pa
21,50 Deg 21,30 Deg
1290.7 Pa 1505.5 Pa
28,23 Deg 31,08 Deg

I
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D2-21
TEST 3% SET B
Height= 1406.3 Volume= 89.7 Litree
Denslty= 15374 Kg/M 3 Height Factor= 1.219
Normal Stress(Pa) Shear Stress/Frictlon Angle
~255¢ -47.8 644,0 Pa 602.4 Pa
551.8 471,3 26,72 Deg 24,13 Deg
1437.8 1647.6
2062.3 2272,3
2851.2 2463,9
4971.9 4452,2 2285, 9' Pa 2130.8_ Pa
£6184.5 6425.8 21, 21,67 Deg
6221.6 6822.4
81441 5599, 0
6239.4 4547 1
3043.8 3325,2 12583.8 Pa 14505 Pa
3887.5 4298.4 26.55 Deg 28,70 Deg
2789.3 2357, 4 g
1948.,4 2252,9
1131.9 . 1245,8
TEST 31 SET 9
Weight= 1400.8 N Yolume=- 83,1 Litres
Density= 1601.,8 Kg/M'3 Height Factor= 1,220
Hormal Stress(Pa) Shear Stress/Frigtion Angle
-255.5 ~71.8 651.0 Pa 599.6  Pa.
581.0 477.5 26,58 Deg 23,55 Dey-
1458, 2 1761.9
2133.0 2333.7
26521 24886
4908,9 4415.3 2253,4 Pa 2112.7 Pa
8136.% 6501.8 22.00 Deg 20.88 Beg
6168.8 £562.3
§577.6 5721.3
5388.2 4896.,0
3588.6 3298.8 12510 Pa 1432.7 Pa
3735.4 393¢6.9 24.96 Deg 28.70 Deg
3063.3 2588,3
2062.0 2186.4
1160.8 12782

o
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TEST 31

02-22

SET 10

Height= 1384.3 N
Denskty- 1598.0 Kg/M'3

Volume
Weight Factor= |,

BE.3 Litres
212

Normal Stiress(Pa)

Shear Strese/Frictlion fingle

, Densyty= 1595.7 Kg/M'3

~222.2 -47.6 650.3 Pa 581.3 Pa
430.8 330.7 28.12 Deg 23,81 Deg
1408.1 1637.9
19111 2258, S
2535.1 24731
4846, 1 4616.6 2215.2 Pa 2074.9 Pa
0335.5 £754.9 22,01 Deg 20,73 Deg
5585.4 66631
5408.2 5476, 1
5666.5 4483 .1
41014 3851.,9 1217.6 Pa 1405,5 Pa
3739}9 4271.0 24,62 Deg 27 .46 Deg
258749 2086,3
1824.5 2139.3
1087.1 1.4
TEST 3% SET 11
HWelght= 1364.4 N ume= B87.2 Litres

Vol
Weight Factor= 1.218

7 fiotmal Stress(Pa)

Shear Stress/Friction Angle

223.3 -47.8 636.7 Pa 549.0 Pa
203,1 166.2 23,48 Deg 24,85 Deg
1267.4 1589.5
1746.3 2088,8
2598.6 218%.0
5000, 1 4496.9 2205,.5 Pa 2057.7 Pa
60411 6236, 1 21,50 Deg 20,99 Degy
$449,8 6263.8
5192.6 5474.2
6285.7 48041
3644,3 2993.0 1220.7 Pa 1409.6  Pa
3328.4 4227 .4 25.86 Deg 29,16 Dea
2539.3 2355,5
2031.4 2150.3
1131.0 11g1,0

. \ p k L. vo Es




4 TEST 31

02-23

Weight= 1278.4 N
Density= 15839.3 Kg/M"3

Vo 81 5 thres
"Helght Factcr— 1.210

Normal:Stress(Pa)

Shear Siress/Friction 8ngle

-158.5 =712 501.2 Pa 3387.8 Pa
0.0 8.0 36.75 Deg 27.71 Deg
545.% 582.1
9714 - V4433
1879.5 1685.6
3973.2 3733.0% 2034.6 Pa 1933,2 fa
5239.5 6120.9 © 21,98 Deg 21.10 Deg
5821.2 6039.0 B
5023.4 5188.4
5377.9 4 4512.9
3204.4 4118.4 1212.5 Pa .1381.9_ Pa
8461.4 3124.8 25.89 Deg 26.97 Deg
26761 2767.7 .
2157.9 2436.2
1173.6 1173.0
.
TEST 3 SET 13
Weight= 1148.2 N Volume= 73.4 Litres
Density= 1594.6 Ka/N"3 Weight Factor= 1.170

Nermal Stress(Pa}

-122.5 -68.8
-27.9 ~53.2
223.1 259.8

5 581.3

1358.5 986.7

3085.2 2908,7

45551 5172.4

4890.4 5837.2

3687.1 5226 .¢

5098.8 5112.9

3183.3 3348

3771.9 3806

2646.1 2813

2
2

Shear Stress/Friction fingle

295,83 Pa 2424 Pa
42,00 Deg 33.86 Deg
1821, Pa ¢ 1752,8 Pa
23, 2 ' 20.22 Deg
1147 4 Pa 1250.6 Pa
24.72 ey 25.58 Deg
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APPENDIX E .

THE FACTOR D IN WALKER'S THEQRY

Refer to Fig. E.1. Walker's notation will be used.

ol et

Figure €1 : Walker's theory

For vertical equilibrium . I
t.zhtanadh + dV.2htane ~ 1 .2¢h = 0 .1 ) e
dv Ty
Y OGR " Franes ¢ E.2 I

_ sinssin2{a+ B}

YT B (B3 B - e (e ) B4
Vy = DV E.5

Erom eqns£.2, E.3 and E.5 ‘ .

av BD
Y Gn T Frane V70
o
. _BD :
Put €= tane E.6 B
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Figure [£2. Vertical eguilibrium of half of the bin
dv v o_
. v+ Sh-cp =0 E.7.

The solution to X.7. 1s gliven by

Tl ()T ¢

E.8.
Stress normal to the wall N
w=ET . E.9.
= 1% sinbeos2 B .0
where E = T Theceszla T8] E.10,

Total load in half the bin, Fig. X.2 is
h? o

o
7 tamna + Vo. hdtarm

Also from the wall stresses

hO
w dh
P f =55 sin (¢%a}, Toma

o

e g

!



T R RPN
E-3
From eqn E.9.
A}
_ E_sinteta) -
P = oiiioss V d¢h E2 .
E _sin{s+a)
Let  F= ot s B3
‘ha._.
Then P = p:[ V dh
h; c-1 c
AR II B L. R . ¥ Vo L) dh '
=T Fo Fo N
o " .
PP ‘
P=ml £+ g hcs E.14
For the two expressions for the total load to.bhk equai,” from
eqns E.ll and E.t4. : - " >y
e = tana )
hN F = {(C+1) tana i L
Substitute for F from eqn E.13 and E from ean § .10 (from eqn E.6.) N
and B from eqn E.4, to'get . B 5
s
sin{eta) .1 + sinécoszB
cosacos ¢ © 1~ sindcosZlath)
- s!n6sln2(n+9 . D S .
- 31 T Sinécos2B 1B) Tane © '{ tene y
. N sinacos¢l! - sinscos2{ats)} ’
for which D = SjoTava) (1 . §IR5CO82 J-Sif & WZTa T4 Tcosacosy N
.15,
' sing B
where g 53 o+ asin [sin&]( E.16, 4 ’
i ot
.
LN




- .‘ “ i o = [
y . . g . ¥ {.
Y Doy i i
[ B !
DT i B SR
T gd S Tve S . S e ® o
ke e e Y 1,4 N i
Ead
Egn B.15. was solved by computer and yielded D = 't for all
of the cases listed in tafsie E .1,
Table E.f. Values of parameters for which B = /i
I .
a 30 © 30 45 :
] 20,1 ) . 20,1 .
i <
s 33,8 30 40 50 25 {31 40 50 {30 40 50
Therefore without further proof it seems that D must be equal to

one for equilibrium.
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APPENDIX F
. L
BOOTH'S PILE THEORY(S!

i
With referende to L*ig F1

FIGURE Ft :Booth's plle theory

= internal friction = angle of repose (assuied equal) !

¢
n = vertical pressure at X B
h = horizontal pressure at X
8 = shear stress at X
Y = density
n = yb{Ar'+ BF® + Cr® + Dr + E)
= Xl 2 00, 30 4 Lo
h oy | 5 ARY v g B 4 g o |4 kybE
PR TV NP RPN R ‘
s !arw[SAR + g Br +3Cr-E + vbr .
= 1+ sing s Jesing
where o = 1+ sinf K * Treme
A= 2ans- 13 6 tane + 25 kE tand
10 20 160
B = -gtane + 5 e tang - kE tﬁ;n%
c = - 3 p tangt 30 KE tan
D= 0
E = tanw(-g + 1129)
TFE K fare
3

5




of ¢

Table F1 Stress distribution for & = 30°

Table F1 gives values of the coefficients for different values

g tan ¢ P k A

B

[

E

38 | 0,781286/ 1,37904 0,237880,07825 | -0,04082

~0,63383

0,59650

34 {0,874509}1,31270|0,2827210,04971 | +0,06242

~0,63575)

0,52362

30 |0,577350| 1,25000{ 0,33333} 0, 00564 | +0, 18042

-0,64275

0,45669

Stress distributions for ¢ = 30° are shown in Fig F2

Bt
N
shress nop base)/
B
i /
1 / |t h
5 —_—

Figure F2 : Stress for ¢ = 30°

The assumptions are given In reference {8).
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APPENDIX G

RADIAL sTREsS FleLp('®)
system Is shown in Fig Gl., A system of

The co-ordinate
is used.

potar co-ordinates r and ©

Figure G2

Figure 61
Mshr's circle at fallure

Co-ordinate System

co-ordinates. are

N i
N " The equations of equillbrium . in polar
. T e
[ rﬁur g
o ot gE gm0y = Woasd * e.1{a)
R rathg £ .
. R 214 = ysine G.1{b} ’ 3
The finity slip condition, Flg G2, Is given by
. o, = ol +sindcos2e) G.2{a) :
9
. . 9% = o (i-singcos2y G.2(b)
i,
£
El tho = O sinésinzy 6.2{c)
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APPENDIX G

RADIAL sTress FiEL!16)

A system of

The co-ordinate system (s shown In Fig G1.
polar co-ordinates r-and @ s used.

Figure Gt Figure G2

Co-ordinate System Mshr's circle at faflure

The equations of equilibrium . in polar co-ordinates are

rig T

1. A;a + g0, = Weaso G.1(a)
T3t Py

= -5 *o2T = yrelnd G.1{b})

The finitv. sllp cendition, Fig G2, Is given by ¢

¢, = ot +sinscos2y) T s.2la)
0y = wdl-sindcos2y G.2(b}
T = o sin 8sinz ¥ G.2{c)

ro




1y

The. assumptions for the radial stress fleld are

o = yrife) 6.3k}

Vo= ¥(e) 6.3(b)

If eqns 6.2 and G.3 are 'substituted in egn G.1 the equations

become total differential equations and can be shown to u
resuit in N L
¥ . ., JM-cose+ sinscos(o+ 24}~ fcos's) w
de -~ 2fsTné (cos2v- sins ] .
@
o sin(2y+9) + fsinzy Gifa) .
o Cos{ 2V & G.4(b)
. G.4 are solved numerically, starting at the wall

( ‘nding &t the: centre. From the condition of stip at

1t ¥'is known hence

¢ y . %, =90+ 0,5 x (s, +a n(sinow/sinc)) .
=90 + .5 x (20,1 + asln(stnzo,tfi'slnsa,a») N
= 119,2° G.5 R !

The value of f must be guessed at the wall, Then the

The B
towards the centre-~

derivatives al the wall can be found from eqn G.4.
solution proceeds In small steps of de

line, so that 8 ig decreasing to zero.

Successive intervals starting at the wall are shown in g
LFig-G3. At polnt 2 a first order predictor is used, foflowed
by a first .rder corrsctor, &t point 3 & second order,
etc. up Yo uwaint 5, From point 5 onwards a fourth order @
Adams-Basf»fn:‘m predictor s follawed by a fourth '

order The are given In eqgns G.6

for f. A gimocr el of equations is used for ¥,

used

cort et predlctions

i -
R S PR SRV iV VU



Figure G.3 increments of @

First order P H = f + ftde
c B f +{f'+ f,‘)de/z

Second order  p £ = f (3% -f)de/,

L AL R T A
Third ardae Py = f 4+ (230 - 188 + 56 i /1,2
4
c  f, = £ o+ (5f) B8R -fY )/,

Fourth order p f, +(55f) ~ S9f'+ 37§~ 9§')|:0e/24

flORE + 196 BRI K )dE/,,

where

-
"
8

)

On reachlng the centreline the vatue of ¢ s checked
to see I It Is close enough to 80°. If not, another value

of f Is chosen at the wall and a second value of ¥

found at the centreline., Using these two sets of values
a third value of f at the wall Is prediced using a Newton-

Raphson method, Flig G4.

TN



P ~9g0

Figuie 6% : Finding the root

{9 - 80} - (¥, - 90)1;

¥ -0

fy =

G.7

The calculation starting at the wall and ending at the
centreline is repeated untll ¥ Is close enough to 90° at
the centreline. The end result Is the required value of

f at the wall,

Results for § = 33,8°
8, = 20,1°

- 300

9, = 30

successively small values of 88 were used to determine

f, table Gt.

TABLE 6! : Values of f

s | 50 1o | 1,80 0,10 | 0,08°

0,01°

T [1,0436 [1,0841 [1,0340 [1,0309 [1,0326

1,037




The value for final use is f =

1,034,

The normal wall stress can then be found from egn G.2{bj}.

= wili-sinscos2e )}

= yr. 1,034{1-5in33,8c0s (2x119,2)) = 1,3354 vr

The following program in BASIC carries out the calculation

#

10
20
3n
40
50
60
70
80
90
100

s 110

120
180
140
150
160

{RSFPC RADIAL STRESS FIELD WITH FOURTH ORDER
1PREDICTOR-CORRECTOR
PRINTER 13 701

De=33.8
Fi=20.12
Tuw=30

Tp=.01
INPUT “DT=",Dt

Dr=.01745329xDt
#DEG

tDelta

FiCwall)-Hall friction angle
tHall angle to vertical
Tolerance in psi at centreline

tdtheta,radians

Pu= SO+ 5 (FutASN(SINCF 1) /SIN(De)))  tPsitwall)

C=C0S(De)
§= SIN(De)

GUTB 200

Dp=-1+(~ CUS(T)*S“CUS(T+%;PL FuCuC) /(2nF#Sn (COSC2P)~S)). -
%g (SIN(T*Z*P)+F*SIN(2‘P))/CGS(Z*P De) tdf/dtheta

Foe
P1'Pm

P=p1

Fi=Fy

f=F1

T=Tu

GOSUB 160
P2 PT G1#Dt
F2=| 51 Hi=Dr

=F2
GOSUB 160
42=Dp
He=Df

tCycle number -

tTrial fu




370 1P2=PI-(Q1+a2)*DE/2

380  1F2=F1-(HI+H2) #Dr/2
390 P3-P2-(3sG2-Q1)=Dt/2

400 F3=F2-(3H2-H12%Dr/2 i

410 P=p3 .

420 F-F3

430 T=]-Dt

440 GOSUE 160

450 @3<Dp v

460 . H3=Df, .

476 1P3=PZ-(Q3+a2)*Dt/2

480 1F3=F2~ (H3+H2)#Dr /2 B
490 P4=P3- (2303 16xG2+5%Q1)#DL/12 . . : e

500 - FA=F3-(23=H3-16%H2+54H1)=Dr/12 :

510 P=P4T : e
520 Faf4 C . . e
530  7=1-Dt : S &

540 GOSUB 160 5
550  G4=Dp k
560 . H4=Df

570 1P4=P3-(5#04+8%03~02)=Dt/12

580 !F4=F3-(S«FA+8»F3-F2)=Dr/12

590  Ts=T-Dt

500 FOR T=Ts TO 0 STEP -Dt

610 P5>P4-(55%04-59Q3+37#02~3=Q1)=Dt/24

620 =" FS=F 4~ (55%HA-59#H3+37#H2-9xH1 ) »Dr /24 L
630 P=P5

640 F=F5 3
650  GDSUB 160 £
660  05=Dp ]

670  HS=Df ; o
630 1PS=P4-(9»(5+19~Q4- 5*03+Qz>“pt/24 H N TS
690 IFS=F4-(9uH5+18%H4-5=H3+H2) =Dt /24 . o
700 PA=P5 Lo

710 Q1=Q2

720 @2-Q3 °
730 Q3-Q4 =) P
740 Q4=G5

750 F4=FS @
760 Hi=H2 W
770 ﬂH2=H3

78 H3=H4 1

790 H4=HS

800  NEXT T

810  PRINTER IS 1

820 PRINT N,Fuw,P5 . L

830 IF PS)(SU Tp) AND PS5<(90+7p) THEN 970

840 IF N=1 THEN

850 Dp=PS 101d psi




ww pTVOZ E r X

“e-T oM Moo T >

860  Dfy=Fu 101d fu
870 N=N+t

880  Fu=Fu+,04

890  GOTG 210

900 END IF

10 I=Fu

920  Fu=Fu-(Fu-0fw}/(P5-0p)=(P5-90)
930 Bp=P5 E

240 Ofw=I

950 M=t

960 GOTO 210

970  PRINTER IS 701

980  PRINT TAB(16),"dtheta="iDt;" deg
?380 GOTO 80

VARIABLE LIST

'
%-3

tolerance in ¥ at centreline
coss

de {radians}

fwatl

f (o)

d & {degrees)
fay (old value)

fwall (temporary value)

.

Y-

o

P
n-2
.

f n~2

cycle

¢ {old value at centreline)

v

Ywall

2y

sing

FU=""1Fu




N < X 2 <+

™

Ay
G-8
[
10*e

8 & internal friction angle
4, ¢ wall friction angle

v .
v n
£

n

'
Pa-a
e {(wall}

Y e

&
y
e e e

EER
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APPENDIX H

LEAST SQUARES FITTING PROGRAM

Equation to be fitted y = a + bx + cx? + dx’ + ex’

%} = ith x co-ordinate (H.1)
Let Yi' = observed value
¥, = caleulated value from (H.1)

Ry = (Y - y;} = residual on error {r.2)

S = sum of squares of errors = r«}; {H.4}

in order to minimise errors 32 = 0 (H.4)
aF\T

e 2 ERi i o (H.5)’/

’ 1035 2 a 3 .
J. -3 aa'(a* bxi+cxi‘¢dxi+exa—Vi}l—-O

Some v b kel ¥ dIx® 4 oext= LY

simitarly from :

2 3 “ 1 _ -
[ By + BBt 4 CIx® ¥ dDe'+ elxf = IV
(4 alx .+ bIx? + clx' + dix’+ edx® =1V, *
o alx®+ bIx! + elx] + dixf+ eIx] = 1¥;x’
0 aZx'+ bIx + cBx{ + dxl+ eIx!

{H.6)

five equations (H.6) can be sofved for a,b,c,d and e.




APPENDIX T

THE METHOD OF CHARACTERisTiCs!'6)(171(18)(38)(39)
The co-ordinate system, siresses and direction of
stress are shown In-FiglIi., .
Coulomb fallure is shown in'Fig I2.

—y

principal

The circle of stress for Mohr—

is ¢yuivalent to

S A
Figure T1 Fidure 12 f
Stresses Mohr's circle at fafivre
ux + ’,\
the average direct stress s o = -2 t¥o . -

From Fig I2¢ it can be seen that .the“*Mghr-Coulomb law

o, " o {1 + sinscos2u) L1{a)
e o, = 0 {1 - simicoszw) I.H{b)
- i Tay * osingsinzu y ‘ I.tle}
Tt - N .
PR The equations of equitibrium in two dimensioris under
P N gravitational load are
2 L1
. ‘?; ai_v .y 1.2(a)
t LR 30
34 =
ix Ty -0 I.2(bj




I-2
; . a % 1
Substitute eqn  I1  into ean I2 .. v
. W ad
The variables o, q, and . are then replaced by two
variables v and u i
(1 + sinocosze) 2% + singsinge 22 - zosinssin o 1
Ix By {g( L
2 \ N
+ 30 sinscos2u 55 = ¥ I.3(a)
* 34 g /: N
sinesinzu £2 + {1-sln scosz) g—;- + 20indcoszu S5 + 205in ssinzaf 4 0 .
R 1.3(b)
Make the substitutions a=ae! T+ Vitn® T.4(e) :
Ze=§ - 1 I.4(b) K,
or Tre S, T, 1.4(c)(d) G
€ H ¥ g { .
° J
' o get 4 tanpe-p) L -4 1.5{a) Y
. = iy : A
4 LI -
32+ tanlutp) % = b £.5(b)
where al_ ysin{oth) I .
bt Zosindcosietp) .
) ) i
. .
The left hand sides of egn I.5 are equivalent to total ‘
derivatives : ‘( > 4
Ay "
{ g -l
{ . ;
dy _ 3n in  dy )
ax " o Y ay dx L.7(a) . .
g oae o, 1E dy ;7o) T,
Ix EES * ) dx 1.746) v
where in T.2(a) & = tanfu- p) 1.8(a) P
snd in I.7(b)  §E = tanfes p) I.8(b)
The directions defined by ean I.8 are the directions in. s
which total derlvatives exist and are called characteristic "
directions. They are also the directions of the two families .
of sllp tines, Flg IL. -
e
S




From eqns L.5and 1.7

aloing the slip lines,

I.9{a) refer to slip lines type 1 and egns I.8(b) and L9{b)
refer to slip lines type 2, Fig I3. K i

¢
Figure I3

Points A and B are not on the same slip line.
From egns I.B:

Yy -y

TR T tan{u, - p) =t I.10(a)

Y-y,

TR, = tanluy + p) = 4y I.10(b)

.
y .

dn _
& = ysu)
dg .

g b 1.8(b)

Eqns I.8and 1.9 expressed in finite difference form are used to
find & numerical solution to the slip tine fleld. Eans 1.8 and




sy
Solve eg 110 for x and y

I.11{a)
. o,
.
by - teag) ey o b w0y e
Y 0%
from eqns I .9
Yoy .
TR, =a Sonmong ot a“v(x - x‘)‘ I.12(b)
€ -
2 _ 0
==, " by o BBy aplx - %) Taz(b)

Thus known conditions at A and B can be used to find

co-ordinates x, n and & , and hence ¢ and © at C. The
eqns I.01 aqp I.12 are in their simplest form. Improvements
can be madg by averaging and "lteratioh, The techniques
for finding a new point vAary on the centreline and oy the
wall. The location of discontinuities
slip line fields

tinulty, Fig T4,

where two different
meet have to be determined. Along a discon-

NA T N
TA

°pa

a— discontinuity

Figure I4

Stresses at a discontinuity
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