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DATE

30/5/41 (Initial)
H=05ra

2T

2.7

2.62
245
242
24
187
31

303
303
274
2.8
3.05
303
3.02
2.61
2.66
2.66

Exciting Voltage Voltage
(mV)

(mv)
28.3
29.6
25.6
174
176
193
134
224
370
36.5
330
34.0
37.6
36.4
3.1
324
324
316

Strain

(%)
192
20.1
179
13.0
133
148
131
133
224
221
221
204
22.6
22.0
213
22.3
223
218

Voltage

(mv)
16.0
178
138
8.6
8.7
108
71
122
283
26.6
243
255
28.0
215
211
23.5
236
22.9

Strain

(%)
109
121
9.7
6.4
6.6
83
7.0
72
11
161
16.3
16.8
16.8
16.7
16.8
161
16.3
158

Strain Gauges

Voltage

(mv)
24.0
25.9
218
143
145
163
114
186
334
327
30.0
312
34.0
33.0
34.4
291
29.1
28.2

Strain

(%)
16.3
176
153
10.7
11.0
125
112
11.0
20.2
198
20.1
20.6
205
20.0
20.9
20.0
20.1
195

SC4

Voltage
(mV)
22.2
26.2
235
153
154
172
119
195
348
338
30.7
320
3.1
34.2
334
313
30.0
29.3

Strain
(%)
151
178
165
115
117
131
117
115
2.1
205
20.6
21
211
20.7
203
215
20.7
20.2

SC5

Voltage
(mV)
25.7
318
294
211
214
22,6
165
215
42.1
415
316
38.6
43.0
419
40.8
316
3.7
36.0

Strain
(%)
175
216
20.6
158
162
173
162
163
255
5.1
25.2
255
25.9
254
248
25.8
26.0
248

SCo

Voltage

(mV)
2.8
4.0
38
14
16
4.7
15
24
172
170
15.2
156
18.0
17.0
158
147
14.6
140

Strain
(%)
19
2.7
2.7
1.0
12
36
15
14
104
103
102
103
108
103
9.6
101
10.1
9.7



Date
30/5/41
9/6/41
15/6/41
16/6/41

Days
1
1
17
18
19
27
34
41
48
55
62
69
76
83
90
97
118

SCI
0.9
-13
-6.2
-5.9
-4.5
-6.1
-6.0
3.2
2.9
2.9
3.2
3.4
2.8
2.1
3.0
3.1
2.6

SC2
1.2
-1.2
-4.4
-4.3
-2.6
-3.9
-3.7
6.3
5.2
5.4
6.0
6.0
58
6.0
5.3
54
4.9

STAIN (%)
5C3
13
1.0
5.6
53
38
5.1
53
3.9
35
3.8
43
41
3.7
4.6
3.7
3.8
3.1

SC4
2.7
14
-3.6
-34
-1.9
-34
-3.5
6.0
54
55
6.0
6.0
56
52
6.4
5.6
5.1

SCS
4.1
3.1
-1.7
-1.2
-0.2
-13
-1.2
8.0
1.1
1.1
8.0
8.4
7.9
7.3
8.4
8.5
7.4

SE6
0.8
0.8
-0.9
-0.7
17
-0.4
-0.5
8.5
8.4
8.3
8.4
8.9
8.4
1.7
8.2
8.2
78



Depth from
GS

(m)

0.0
0.5
10
15
20
25
30
35
40
45
50
55
6.0
6.5
70
75
8.0
85
9.0
9.5
100

-3

Depth from
Top of Casing

(m)

05
10
15
20
25
30
35
40
45
50
55
6.0
6.5
70
75
8.0
8.5
9.0
95
100
105

9/6/41
1

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1206141
14

2.05
1.95
215
215
2.05
1.95
170
1.40
115
0.95
0.75
0.55
035
0.20
0.15
0.05
0.05
0.05
0.05
-0.05
-0.05

15/6/41
17
3

3.20
3.70
4.10
4.15
395
375
335
2.15
2.20
175
1.35
0.95
0.60
0.30
0.25
0.15
0.10
0.10
0.10
0.00
0.00

16/6/41
18
1
5.05
550
6.10
6.20
6.00
575
515
430
3.50
2.80
2.15
1.5
1.00
035
0.25
0.20
0.20
0.15
0.15
0.05
0.00

17l6/41
19
1
5.10
6.00
6.70
6.80
6.60
6.30
570
475
3.80
3.00
230
1.65
1.05
0.30
0.15
0.10
0.10
0.10
0.10
0.00
0.00

25/6/41
21
8
9.85
10.30
10.90
10.95
10.55
10.15
8.95
7.00
535
4.10
340
250
175
055
0.25
0.15
0.15
015
0.15
0.00
0.00

21181
34

11.30
11.00
11.40
11.40
11.00
10.60
9.20
7.05
535
4.05
3.05
2.25
1.5
035
0.05
0.00
0.05
0.05
0.05
-0.05
-0.05

97141

41

7

10.40
10.45
11.00
10.90
10.35
9.95
8.60
6.45
4.80
3.60
2.65
1.95
1.30
0.25
0.00
0.00
0.05
0.05
0.05
0.00
0.00

151

Cum.Lateral Movement (mm)

16/7/41
48
7
10.95
10.65
11.10
10.75
10.00
9.55
8.20
6.05
4.45
330
245
1.80
1.25
0.30
0.05
-0.05
-0.05
-0.05
0.00
-0.05
-0.05

21141
55
7
11.05
1115
11.65
11.30
10.45
9.95
8.45
6.25
4.60
340
250
1.80
1.25
0.25
0.00
-0.10
-0.05
-0.05
0.00
-0.05
-0.05

301741
62
7
11.40
1175
12.30
11.95
1110
10.60
9.10
6.85
5.10
385
2.90
2.10
145
0.35
0.10
0.00
0.00
0.00
0.00
-0.05
-0.05

6/8/41
69

12.05
11.95
12.35
1 20
11.10
10.60
9.10
6.75
4.95
3.65
2.65
185
125
0.15
-0.10
-0.15
-0.10
-0.10
-0.05
-0.10
-0.05

13/8/41
76

12.10
12.20
12.60
12.25
1135
10.85
9.35
7.00
515
385
2.85
2.05
1.40
0.30
0.05
-0.05
0.00
0.00
0.05
-0.05
-0.05

20/8/41
83
7
13.25
12.90
13.25
12.80
1185
1135
9.75
730
540
4.05
3.00
215
1.50
0.40
0.15
0.05
0.05
0.05
0.05
0.00
0.00

21l814
90
7
1255
1255
12.95
12:50
1155
11.05
9.45
7.00
515
3.85
2.85
2.05
140
0.30
0.05
-0.05
-0.05
-0.05
0.00
-0.05
-0.05

39741
97

12.35
12.45
12.90
12.40
11.40
10.85
9.25
6.80
4.95
3.65
2.10
1.95
1.40
0.35
0.10
0.00
0.00
0.00
0.00
-0.05
-0.05

24/9/41
118
7
12.10
12.50
13.00
12.50
1145
10.90
9.30
6.85
5.00
3.70
2.75
2.00
145
0.40
015
0.05
0.05
0.05
0.05
0.00
0.00

1]y



Depth from
GS

(m)

0.0
0.5
10
15
20
25
30
35
40
45
50
55
6.0
6.5
70
75
8.0
85
9.0
9.5
100

Depth from
Top of Casing
(m)

05
1.0
15
20
25
30
35
40
45
50
55
6.0
6.5
70
75
8.0
85
9.0
95
100
105

9/6/41
1
0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1206141
14
3
1.90
170
1.55
1.40
1.50
1.55
145
1.40
1.30
0.90
050
0.40
0.25
0.10
0.05
0.05
0.00
-0.05
-0.10
0.00
0.05

1506141
17
3

445
415
4.00
3.95
4.20
435
415
4.05
3.80
210
1.05
0.80
0.60
0.35
0.25
0.10

0.00

-0.05

-0.10

0.00
0.00

16/6141
18
1
785
125
715
7.40
7.90
8.20
8.15
8.15
7.85
555
115
0.85
0.60
0.35
0.20
0.05
-0.05
-0.10
-0.15
0.00
0.05

17/6141
19
1
8.90
8.65
8.65
9.00
9.60
9.95
9.95
10.00
9.75
6.95
1.30
1.00
0.70
0.45
0.30
0.20
0.10
0.00
-0.05
0.05
0.05

2506141
21
8
16.40
16.30
16.55
17.40
18.60
19.50
20.00
20.50
20.85
1540
145
0.90
0.55
0.30
0.20
0.15
0.05
-0.05
-0.10
0.00
0.00

27141
34

17.70
1750
17.90
18.85
20.25
21.25
21.85
22.55
23.05
16.85
1.35
0.85
0.55
0.30
0.20
0.10
0.00
-0.05
-0.10
0.00
0.00

97141
4
7
16.50
16.70
17:30
18.35
19.65
20.60
21.20
21.90
22.35
16.20
0.85
040
0.20
0.05
0.00
-0.05
-0.10
-0.10
-0.15
-0.05
0.00

152

Cum.Lateral Movement (mm)

1617141
48
7
16.55
16.65
1730
18.35
19.60
20.60
21.20
21.85
22.25
16.05
0.85
040
0.25
0.05
0.00
0.00
-0.05
-0.10
-0.15
-0.05
0.00

231141
5
7
16.00
16.70
1750
1855
19.85
20.80
21.40
22.00
22.35
16.15
0.90
040
0.20
0.00
-0.10
-0.05
-0.10
-0.10
-0.20
-0.10
-0.05

307141
62
7
16.50
17.10
17.80
18.90
20.20
21.15
21.80
22.40
22.75
1645
110
0.55
0.35
0.10
0.00
0.05
-0.05
-0.05
-0.10
0.00
0.00

6/8/41
69

1735
17.80
18.45
1950
20.80
21.75
22.35
22.90
23.15
16,80
140
0.80
0.60
0.35
0.25
0.30
0.20
0.15
0.00
0.00
0.00

13/8/41
76

18.00
17.90
18.50
19.60
20.90
21.85
22.50
23.00
23.25
16,75
1.3
0.70
0.50
0.25
0.15
0.15
0.05
0.00
-0.10
0.00
0.00

20/8/41
83

1855
18.00
1855
19.70
21.00
22.00
22.65
23.15
23.40
16.70
1.5
0.55
0.35
0.10
0.00
0.05
0.00
-0.05
-0.10
0.00
0.00

21/8/41
90
7
1745
1755
18.10
1925
20.55
21.60
22.25
22.75
23.00
16.30
0.90
0.25
0.15
0.00
-0.10
-0.10
-0.10
-0.10
-0.15
-0.05
0.00

3941
97

17.35
17.10
17.65
18.80
20.15
21.25
21.95
2240
22.70
15.95
0.70

0.10

0.05

-0.10
-0.15
-0.15
-0.20
-0.25
-0.30
-0.15
-0.05

24/9/41
118

16.75
1715
17.80
18.95
20.25
21.35
22.10
22.50
22.85
16.10
0.95
0.20
0.30
0.15
0.10
0.05
-0.05
-0.05
-0.15
-0.05
0.00



. Piezometer

Pore Water Pressure (t/ra ) Excess Pore Water Pressure (t/m |
DATE Time Pl P2 P3 P4 PS P6 Pl P2 P3 P4
(days) -3.00 m. -5.50 m. -3.00 m. -5.50 m. -3.00 m. -550 m. -3.00 m. -5.50 m. -3.00 m. -5.50 m.
4l6/41 (0.50 m,) 6 - - - 3.70
5/6/41 7 - 4.90 2.30
6/6/41 8 2.20 - - - - 457
7/6/91 9 - - - - 1.99
1641 (100 m) 13 2.00 4.70 2.10 4.30 1.95 4.40 0.05 0.30 0.15 -0.10
120641 14 2.20 5.30 2.30 4.60 1.95 4.40 0.25 0.90 0.35 0.20
156/41 200 m) 17 2.40 5.70 2.70 5.30 1.95 4.40 0.45 1.30 0.75 0.90
16/6/41 18 2.40 5.70 2.70 5.30 1.93 4.36 0.47 1.34 0.77 0.94
17/6/41 19 2.20 5.50 2.40 5.20 193 435 0.27 115 047 0.85
2506141 2 1.80 5.10 2.40 5.00 1.82 4.16 -0.02 0.94 0.58 0.84
27141 34 1.90 4.90 230 4.70 1.90 4.30 0.00 0.60 0.40 0.40
9/7/41 41 1.80 4.90 2.20 4.50 2.10 4.70 -0.30 0.20 0.10 -0.20
16/7/41 48 1.80 4.90 2.00 4.50 2.35 491 -0.55 -0.01 -0.35 -0.41
2307141 55 2.10 4.90 2.00 4.50 2.25 4.80 -0.15 0.10 -0.25 -0.30
30/7/41 62 2.10 4.90 2.00 450 211 458 -0.01 0.32 -0.11 -0.08
6/8/41 69 2.10 5.00 2.30 4.40 2.10 4.60 0.00 0.40 0.20 -0.20
138141 76 2.10 4.90 2.30 4.40 2.06 451 0.04 0.39 0.24 -0.11
20/8/41 83 2.10 4.90 2.30 4.40 2.06 4.53 0.04 0.37 0.24 -0.13
2118141 90 2.10 4.90 2.30 4.40 2.20 472 -0.10 0.18 0.10 -0.32
319/41 97 2.10 4.90 2.20 4.40 2.32 4.85 -0.22 0.05 -0.12 -0.45

24/9/41 118 2.20 4.90 2.30 4.40 241 4.93 -0.21 -0.03 -0.11 -0.53
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SB-SLOPE

PROJECT DATA

Project: Full Scale Field Test of Embankment
Location: TS-1

Filename: BHL  Description: Onreinforced Embankment

ANALYSIS DATA
Line  Left Left Right ~ Right  Density Cohesion Phi  Phreatic

No. X Y X Y kN/cu.m kPa Deg Line
1 0.0 0.0 30.0 0.0  19.6 50.0 0 N
2 0.0 1.0 30.0 1.0 16.8 19.7 0 Y
3 0.0 2.5 30.0 25 164 14.9 0 Y
4 0.0 4.0 30.0 40  16.0 16.4 0 Y
5 0.0 6.0 21.0 6.0 16.9 13.7 0 Y
6 21.0 6.0 25.0 40  16.9 13.7 0 Y
7 5.0 6.0 6.5 .5 117 18.6 0 Y
B 6.5 1.5 18.5 1.5 117 18.6 0 Y
9 18.5 1.5 20.0 6.0 177 18.6 0 Y
10 6.5 1.5 7.5 gb 1\ NI 18.6 0 N
11 1.5 8.5 17.5 8.5 117 18.6 0 N
12 17.5 8.5 18.5 ERRLTT 18.6 0 H
13 22.0 5.5 30.0 5.5  Free water line

Distributed loads
No. Left X Right X Load (kN/m)
1 7.5 17.5 10.0



BHL - Unreinforced Embankment
AUTOMATIC SEARCH ANALYSIS

Approximately 30 slices selected
First x=
First Y=

18.0
10.0

Minimum radius:;

Xincrement =
Y increment =

10.0

radius

0.5
0.5
increment

Minimum FS found during automatic search
Found at x=

X=

19.5 Y=

SLICE X-LEFT DX

The following sli

8.7

9.1
10.0
10.9
11.8
12.4
13.1
13.8
14.6
15.3
16.0
16.8
17.5
18.5
19.5
20.0
21.0
21.7
22.3
23.0
23.7
24.3
25.0
25.2
25.9
26.6

TAN  COHESION VERTICAL PORE HATER RESISTING DRIVING
FORCE

1.16

19.5, Y= 12.5, R 115

125 R= 115

TAN

THETA PHI FORCE
cel has a normal forces 221
0.4 2.349 0.000 18.6 8
0.9 1.725 0.000 18.6 36
0.9 1.282 0.000 13.7 55
0.9 1.015 0.000 13.7 70
0.7 0.842 0.000 16.4 64
0.7 0.720 0.000 16.4 70
0.7 0.615 0.000 16.4 75
0.7 0.521 0.000 14.9 85
0.7 0.434 0.000 14.9 89
0.7 0.354 0.000 149 92
0.7 0.280 0.000  14.9 95
0.7 0.211 0.000 14.9 97
1.0 0.132 0.000 14.9 116
1.0 0.044 0.000 14.9 100
0.5 -0.022 0.000 14.9 43
1.0 -0.087 0.000 14.9 81
0.7 -0.162 0.000 14.9 51
0.7 -0.223 0.000 14.9 46
0.7 -0.287 0.000 14.9 43
0.7 -0.354 0.000 14.9 39
0.7 -0.425 0.000 14.9 34
0.7 -0.503 0.000 14.9 30
0.2 -0.556 0.000 14.9 7
0.7 -0.615 0.000 16.4 24
0.7 -0.720 0.000 16.4 19
0.7 -0.842 0.000 16.4 13

0.5

TERM

115
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SB-SLOPE

PROJECT DATA

Project: Full Scale Field Test of Embankment
Location: TS-2

Filename: BH2  Description: Dnreinforced Embankment

ANALYSIS DATA
Line  Left Left Right ~ Right  Density Cohesion Phi  Phreatic

No. X Y X Y kN/cu.m kPa Deg Line
1 0.0 0.0 30.0 0.0 19.6 50.0 0 N
2 0.0 1.5 30.0 1.5 19.6 30.9 0 N
3 0.0 3.0 30.0 3.0 16.4 9.3 0 Y
4 0.0 4.5 30.0 4.5 15.9 7.1 0 Y
5 0.0 6.5 21.0 6.5 16.3 22.6 0 Y
6 21.0 6.5 25.0 4.5 16.3 22.6 0 Y
I 5.0 6.5 6.5 8.0 17.7 18.6 0 Y
8 6.5 8.0 18.5 8.0 17.7 18.6 0 Y
9 18.5 8.0 20.0 6.5 17.7 18.6 0 Y
10 6.5 8.0 7.5 9.0 17.7 18.6 0 H
11 1.5 9.0 17.5 9.0 17.7 18.6 0 N
12 17.5 9.0 18.5 8.0 17.7 18.6 0 N
13 22.0 6.0 30.0 6.0  Free water line

Distributed loads
No. Left X Right X Load (kN/m)
1 7.5 17.5 10.0



BH2 - Unreinforced Embankment
AUTOMATIC SEARCH ANALYSIS

Approximately 30 slices selected

First x= 18.0 X increment 0.5
First Y= 10.0 Y increment = 0.5
Minimum radius::  10.0  radius increment 0.5
Minimum FS found during automatic search  0.87
Found at x= 19.5, Y= 13.0, R= 115
x= 195 Y= 13.0 R= 15
SLICE X-LEFT DX TAN TAN  COHESION VERTICAL PORE HATER RESISTING DRIVING
THETA PHI FORCE  FORCE TERM TERM
The following slice has a normal forces  -34
1 8,7 0.4 2.349 0.000 18.6 8 0 20 7
2 9.1 0.9 1.725 0.000 18.6 36 6 32 31
3 10.0 0.9 1.282 0.000 22.6 55 18 32 43
4 10.9 0.9 1.015 0.000 22.6 69 26 28 49
5 11.8 0.7 0.842 0.000 ! 63 26 6 41
6 12.4 V0.7 0.720 0.000 = 69 29 6 40
7 13.1 0.7 0.615 0.000 7.1 4 32 6 39
8 13.8 0.7 0.521 0.000 9.3 84 37 8 39
9 146 0.7 0.434 0.000 9.3 88 40 7 35
10 15.3 0.7 0.354 0.000 9.3 91 42 7 31
11 16.0 0.7 0.280 0.000 9.3 94 44 7 25
12 16.8 0.7 0.211 0.000 9.3 96 45 7 20
13 175 1.0 0.132 0.000 9.3 114 63 9 15
14 18.5 1.0 0.044 0.000 9.3 98 59 9 4
15 19.5 0.5 -0.022 0.000 9.3 43 26 5 -1
16 20.0 1.0 -0.087 0.000 9.3 80 49 9 -1
17 21.0 0.7 -0.162 0.000 9.3 51 31 6 -8
18 21.7 0.7 -0.223 0.000 9.3 45 28 6 -10
19 22.3 0.7 -0.287 0.000 9.3 42 26 6 -12
20 23.0 0.7 -0.354 0.000 9.3 38 25 7 -14
21 23.7 0.7 -0.425 0.000 9.3 34 23 7 -16
22 243 0.7 -0.503 0.000 9.3 29 A 7 -16
23 25.0 0.2 -0.556 0.000 9.3 7 5 2 -3
24 25.2 0.7 -0.615 0.000 iG 24 19 6 -13
25 25.9 0.7 -0.720 0.000 7.1 19 16 6 -11
26 26.6 0.7 -0.842 0.000 7.1 13 12 6 -9
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E Aect FuII Scale Field Test

2
PARTIAL SLOPE CROSS SECTION

CIRCLE X Y RADIUS
1 195 130 115

shoBa §ope gab | Lity Analysis

nkment

FS
0.87

SOIL» DElNSITY CO%-I(I)ESION

% 9.6 0
9.6 30.9
3 16.4 931
4 15.9 r.1
5 16.3 22.6
6 17.7 18.6
/
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SB-SLOPE

PROJECT DATA

Project: Full Scale Field Test of Embankment
Location: TS-3

Filename: EH3  Description: Dnreinforced Embankment

ANALYSIS DATA

Line  Left Left Right ~ Right  Density Cohesion Phi  Phreatic
No. X Y X Y kN/cu.ra kPa Deg Line
20.0 0
18.4
14.2
13.0
14.7
14.7
17.7
17.7
1 Yo
17.7
17.7
17.7 19.
Free water line
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Distributed loads
No. Left X Right X Load (kN/m)
1 7.5 17.5 10.0



BH3 - Onreinforced Embankment

AUTOMATIC SEARCH ANALYSIS

Approximately 30 slices selected

First X= 18,0 Xincrement r 0.5

First Y= 10.0 Y increment = 0.5

Minimum radius= 9.0 radius increment = 0.5

Minimum FS found during automatic search = 0.61
Found at Xr 19.0, Y= 11.0, Rr 10.0

Xr 190 Y= 11.0 Rr 10.0
SLICE X-LEFT DX TAN  TAN  COHESION VERTICAL PORE HATER RESISTING DRIVING

THETA PHI FORCE FORCE TERM TERM

The following slice has a normal forcer -11

1 9.5 0.4 2.671 0.000 19.6 7 0 21 7
The following slice has a normal forcer -31

2 9.8 0.8 1.844 0.000 19.6 3 6 33 29
3 10.6 0.6 1.362 0.000 6.0 36 11 6 29
4 11.3 0.6 1.117 0.000 6.0 43 16 5 32
5 11.9 0.6 0.936 0.000 4.7 50 20 4 34
6 125 0.6 0.792 0.000 4.7 54 23 4 34
I 13.1 0.6 0.673 0.000 4.7 58 26 4 32
8 13.7 0.6 0.571 0.000 6.1 62 29 4 31
9 14.4 0.6 0.480 0.000 6.1 65 3l 4 28
10 15.0 0.6 0.398 0.000 6.1 67 33 4 25
11 156 0.6 0.323 0.000 6.1 69 34 4 21
12 16.2 0.6 0.252 0.000 6.1 71 35 4 17
13 16.9 0.6 0.185 0.000 6.1 12 36 4 13
14 175 1.0 0.101 0.000 6.1 97 58 6 10
15 185 0.5 0.025 0.000 6.1 42 28 3 1
16 19.0 1.0 -0.050 0.000 6.1 ! 49 6 -4
17 20,0 1.0 -0.152 0.000 6.1 61 43 6 -9
18 21.0 0.6 -0.236 0.000 6.1 34 24 4 -8
19 21.6 0.6 -0.303 0,000 6.1 30 21 4 -9
20 22.2 0.6 -0.374 0,000 6.1 2 2 4 -10
2 228 0.6 -0.450 0..000 6.1 24 18 4 -11
22 23.4 0.6 -0.533 0.000 6.1 21 17 4 -11
23 24.0 0.3 -0.598 0.000 6.1 8 7 2 -4
24 24.3 0.6 -0.673 0.000 4.7 i 14 4 -9
25 24.9 0.6 -0.792 0.000 4.1 13 11 4 -8
26 255 0.6 -0.936 0.000 4.7 8 8 4 -6



Simplified Bislh§gE-§(|)'p9P&.Ela bility Analysis

PROJECT: Full Scale Field Test of Embankment
6Ty 15 o gy cogsn o
PARTIAL SLOPE CROSS SECTION . 3 8 BB
ORCLE X Y  RADUS FS 4 130 47 00
1 190 110 100 061 5 17 60 00
. b 177 195 00
o ./—/
...... ..,..\\, PR
_lrl 1 I 1 % 1 | §
IH 15 Ay 35

X-AXIS = Number after hypherK'-") is Soil Type
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TS-2 !
TS-2
(Unreinforcement) FS. 0.87
(Reinforcement) (High
Strength Woven Geotextile) F.S. (2.8)
232 strain
Strain Gauge SE6 strain stress-
strain ( 46)
485 kN/m
M +AM
FS. reinforced Md

I[c;Li]R + XTiYi

X[ sinOR

257x 115 + 485x(13-7)
299x115

Ul
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TS-3
3
TS3
(Unreinforcement) FS. 0.61
3
slip circle
slip circle
FS.
0.61
F.S.
2 (Nonwoven Geotextile)
27 kN/m 2
(Composite Geotextiles) 75 kN/m
FS. 20 Allowable Tensile Strength

135 kN/m 315 kN/m



X[ciL]R + XTiY,
FS. reinforced [WISIﬂOI]R

156x10 + 135x (1 1-4.8) + 375 (il -5,1) + 375 (1 1-54)
254x10

0.82

Ultimate Tensile Strength FS.

S[oL)I+rLY,

o v [WiSHJR

156x10 + 27 x(1 1-4.8) + 75x(1I-5.1) + 75x(l 1-5.4)
254x10

1.02
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1. Check Sliding Resistance

Pa

Fs.

The required tensile strength of geotextile, Tr

2. Check Pullout Resistance

Tult
50

Le

15-2

0.byHXa+ HKa
05x 18x2.02x 1 + 10x2.0x1

56 t/m

0.5yHLtan(j)®

05x 18x20x 14x0.7

176 t/m

Pr.

Pa

176

56

M OK.
2.0x5.6

= 112 t/m

2a\Ldan(>

2%x36 xLex0.7

1Q m.
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1. Check Sliding Resistance

ro =

The required tensile strength of geotextile, Tr

2. Check Pullout Resistance

Tult =
50

Lec

TS-3

0.5yH\ + HKa
05x 18x3.22x 1+ 10x3.2x1
124 t/m
yHLtan(j)ey
yHL/lan()m
1.8x3.2x11.4x0.7
46.0 tim
pa
46.0
124
M 0K
= 20x 124

24.8 t/m
2¢\ Lctanig
2x58 x Lex 0.7

6.2 .

12



AL

AR

Ae

strain

. A
L
ARIR
K
AR 4Ae
R E
AAe
oR—""
strain
Strain Gauge
Strain Gauge strain
Strain Gauge Factor = 218
Voltage Output
Exciting Voltage
strain
strain Strain Gauge

1(SCI)
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at Initial E0 21 mv. A0 = 283 mV

4x28.3
2.7x2.18

192 %

at Embankment Height 05 m.

E = 27 mV A = 206 mV
4x29.6
2.7x2.18
201 %
strain 05
As — ®- 0
20.1-19.2

0.9 %



strain Gauges
Strain Gauges
Specification Sheet



External fores applied lo an elastic material generates slress as
shown below, which subsequently generates strain in the
deformation of the material. At this lime, the length L extends to
L-t-xJL. {When compressed, itis conversely reduced, i.e., L—.dL)
The amount indicated by the following equation is called normal
or longitudinal strain.

e | P ——
awhere'
Af £ strain
L: original length

ziL :increment due to force p
example) when a material ot [0Omnt length deforms. by
0.1mm long, il generates strain as follows.

C —/11/11t. Y10M~0.fX)1—1000X hi  Tstrain

STRAIN GAUGE

A strain gauge is constructed by bonding a fine electric
resistance wire or photographically etched melaSic resistance
foil to an electrical insulation base using an appropriate bonding
material, and atlaching gauge leads.

Wire gauge Foil gauge
J fesistance 1
WH
elched resige-m-s------
tarse foﬁ 1
—-—--gauge hase-——- J
- gauge lead3-
. paupeicad
attain gauge

banding layer \ "
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The strain generated in the specimen Is relayed through the
base lo the fine wire or foil, where expansion or contraction
occurs. As a result, the fine wire or foil experiences a variation

resistance. This variation is exactly proportional to the strain.

C :strain measured
R: gauge resistance
AR resistance change due to
strain
K Gauge facto] as shown on
package

m, AYIR
L }{K

Normally, this resistance change Is very small and requires a
Wheatsione bridge circuit to convert it to voltage output.

active N
strain gauge A
1}

Relation between strain and voltage output.

Ab Voltage outf)ut
K Exciting voltage

Hi: Gauge resistance
H*—Re Fixed resistance

Ao |

Assuming the value R such that R=R|—Rj=R 3=R, the active
gauge raslslanco varies to R+utR due to strain. Thus, the
voltage output due lo the strain is given as lottows.

Considering« R<<R 1

Ae= Qﬁ Ke

Trie strain gauge is connected to a strainmeter, which provides
the Wheatstone bridge circuit and exciting Input voltage. The
strain [ ) is measured on a digital or analog display.

strain Gauges



When bonding the strain gauge, the most suitable adhesive
should be selected for each application. A typical
installation procedure is described below using the fast-
curing type adhesive ON.

1. Preparation _ _ _

The following items are required for bonding and lead wire connection;
Strain gauge, bonding adheswe,_connecth terminal , test specimen,
solvent, cleaning tissue for industrial use. soldering iron, solder, abrasive
papCf (120 « 320 grit), marking pencil, scale, tweezers, extension lead
wire, polyethylene Sheet, nipper.

2. Positionin

Roughly determine the location on the tost specimen whore the strain
gauge ~ to be bonded.

3. Surface preparation
Before honding, remove all grease, rust, paint Letc., from Ihe bonding
area. Sand an area somewnat larger than the bonding area unlformlé
and finely with abrasive paper. Finish the surface Mth #120 to 10
abrasive paper for steel. Of«240 to 320 for aluminium,

4 Finecleaning

Claan the bonding area With industrial tissue paper or doth soaked Ina
small quantity of chemical solvant such as acetone. Continue cleaning
unil,a now tissue or cloth comas away completely free at contamination.
Following tho surface preparation, be Sure toattach the gauge before the

surface becomes covered with an oxiefcing membrane or bocomes newly
contaminated.

5. Applying bonding adhesive

Drop tie proper amount of ac&eaive onto the hack of the gauge hase.
Usually one drop of adhesive Wit suffice, but you may increase the
number of drops according to the size of the gauge. Use the adhesive
nozzle 1o spread the adhesive over the back surface thinly and uniformly.

132

6. Curing and pressing _
Pince the gauge on the guide mark, ptece a polyethylene sheet onto il
and proos down on Um gauyo constantly using your thumb or a gaugo
preQaing device. This should bo done giifCkiy as Ihe curing ﬁrocess
completed very fast. The curing time varies depending on tho gauge,
test specimen, temperature, hum|d|% and pressing force. The curing
time under normal conditions 20 - 60 seconds.

7. Raising the gauge leads

After curing completely, remove the polyethylene sheet, and raise the
gaugo loads with pair ot twoozors.

8. Bonding connecting terminals
Position the Froper size_connecting” terminals adjacent to the bonded
gauge. Adistance of 3 - 5 mm generally allows for Basier wiring later.

E'- ‘\-\ |

9. Soldering and wiring

Solder lhev\%unclion area for hoth tho ?auge leads and the connecting
terminals With a round-shaped leads, faking care to prevent excessive
tension during measurement To connect the extension lead wire, solder
the lead vara to the connecting terminate. Cubic and Dastrip type
connecting terminals are ready for application. Tho dotai! is described in
a later section.

Soldering gauge leads Soldering extension lead wire

. o
N | 7= | K

Strain Gauges



133

ooduct Mirafl Nonwoven

Geotextiles

Prodluct Description
Mirafi Nonwoven Geotextiles is a neeclepunched nonwoven geotextile composed of polypropylene filaments which are formed
into a stable network such that the filaments retain their relative: position. The fatic is inert to biological degradation and naturally
encountered chemiacls, alkalines, and acids. Mrafi Norwoven Geotextiles conforms to be property values listed in the following table.

Property Units 135N 140NL 140NS 140NC 140N 150N 160N 170N 180N 1100N 1120N 1160N
MECHANICAL PROPERTIES

Wide width tensile strength

BS 6906 : Part 1: 1987, ASTM 4595 : 1986

Mean peak strength kN/M 7.0 8.0 8.0 90 100 115 135 160 185 230 270 340
Extension at peak strength % 45% 45% 55% 45% 50% 50% 50% 50% 60% 60% 60% 70%
CBR puncture

BS 6906: Part 4: 1989, DIN 54307

Mean peak strength N 1,000 1300 1200 1550 1,700 1900 2250 2,650 3,000 3,750 4,300 5,800
Extension at peak strength % 40% 40%  40% 40% 40% 40% 40% 40% 40% 45% 45% 50%
Grab tensile

ASTM D4632:1991

Mean peak strength N 380 450 650 550 650 700 800 900 1,000 1200 1500 1,900
Extension at peak strength % 55%  55%  55% 55%  55%  55%  55% 55%  55% 60%  60% 60%
Trapezoidal tear resistance

ASTM D4533: 1991

Mean peak strength N 150 200 300 250 275 300 350 4 450 500 575 725
Drop cone

BS 6906: Part 6: 1990

DHD mm 30 27 33 25 23 22 18 17 15 10 8 5

HYDRAULIC PROPERTIES

Pore size
BS 6906: Part 2: 1989

AOS - 0 o mm 0150 0100 0100 0.100 0090 0.085 0.085 0.065 <0.059 <0.059 <0.059 <0.059
CENTC189:1995

AOS. o 10 mm 0110 0110 0110 0110 0110 0.110 0110 0110 0110 0110 0110 0.110
Water permeability
BS 6906 : Part 3 :1989

0100 Um2sec 250 230 50 230 230 220 220 210 200 190 180 160
PHYSICAL PROPERTIES

Mass per unit area

EN 965: 1995, ASTM D5261 :1992 gm2 110 130 135 140 160 170 200 240 280 340 410 540
Thickness

EN 964: 1995, ASTM D5199: 1991 mm - 10 12 04 14 15 16 20 24 27 34 4.0 54
Roll width m 4.0 40 38 40 40 4.0 4.0 4.0 4.0 4.0 4.0 0
Roll length m 200 200 110 200 200 200 200 100 100 100 100 50
Roll weight kg 920 110 60 120 135 140 165 100 115 140 170 115

jemCate Ntcolon
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oot Mirafl Woven Polypropylene
Geotextiles

For seperation and reinforcement applications

Property Units PP PP25 PPA0 PP PP70 PPS0 PP120 PP120/40 PP200/40 PP300/40
MECHANICAL PROPERTIES
Wide width tensile strength

150 103191993, BS 6306 ; Part 1:1987

Mean peak strength - warp KNM
Mean peak strength - weft KNM
Extension at peak strength - warp %
Extension at peak strength - weft Y%
CBR puncture

BS6906 : Part 4:1989, DIN 54307

Mean peak strength W 25 4 5 9 1 1 B8 0 1 3
Drop cone

BS 6906 ; Part 6:1990

HYDRAULIC PROPERTIES

Pore size

BS 6906 : Part 2:1989

AOS- 0 mm 05 016 05 05 00 018 07 0 03 05
Water permeability

BS 6906: Part 3:1989

Q 1 Uisec 0 2 5 5 2 2 2 20 b

PHYSICAL PROPERTIES

Mass per unit area
EN965:19% gm2 15 1 190 30 W0 40 60 W 65 ™
Thickness
EN%4 : 19%
Roll width
Roll length
Roll weight

5 B3B3 B3
= B3 B B
BB 8 S
BEER8dEHA
o R &aRA
SES R
EsBE
BsdS
56 S

BHks 8

08 07 07 10 10 14 17 12 18 25
52 52 50 50 50 50

& 3 3 3
58S
8
BEBS
88
8
S
S
S
&g 8
88

1% N 0 60 40

' A Ts(iCate Nicoion
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roauet Mirafl Woven Geotextiles

For hydraulic and marine applications

Property Units PE45 PE45L PE45/20 PES0/40 PES0/40L PE40/35 PEA0/35L PPSOL PP8OL PP200/40L
CONSTRUCTION

Raw material PE PE PE PE PE PE PE pp pp PP
Available with loops L L L L L L
MECHANICAL PROPERTIES

Wide wicth tensile strength

10 10319 1993, BS 6906 : Part 11987

Mean peak strength - warp KNM - 45 &5 4 50 50 40 0 50 80 200
Mean peak strength - weft NM - s 65 0w 0 3 B 5 80 4
Extension at peak strength - warp % % B 0 N 030 N B 15 15
Extension at peak strength - weft % 2% % 20 0 02 0 0w 15
CBR puncture

BS 6906 : Part 4 . 1989, DIN 54307

Mean peak strength N 58 58 50 40 40 39 39 50 1 il
Drop cone

BS 6906: Part 6: 1990

o W~ 8 13— LR 2 6 b
HYDRAULIC PROPERTIES

Pore size

BS 6906 : Part 2:1989

AOS - 090 mm o018 018 030 045 045 L. 100 o025 0.8 030
Water permeability

BS 6906 : Part 3 : 1989

o 10 Um2sec 50 50 . 1 6 6 650 650 25 20 20
PHYSICAL PROPERTIES

Mass per unit area

EN 965: 1995 gm2 235 m5 15 20 20 1 9 3 410 625
Thickness

EN 964: 1995 mm o7 o7 05 07 07 -09 09 12 12 18
Roll width m 50 50 5 50 50 50 50 50 50 5.0
Rall length m 100 10 1 1 11 1200 200 200
Roll weight g w0 10 % 15 15 105 105 310 420 635

TsmCata Nlcolon



oner Mirafl Woven Polyester

Property Units

MECHANICAL PROPERTIES
Wide width tensile strength

10 10819: 1993, BS 6906 : part 1: 1967
Mean peak strength - warp

Mean peak strength - weft

Extension at peak strength - warp
Extension at peak strength - weft %

HYDRAULIC PROPERTIES
Pore size

BS 6906 : part 2 ; 1980
ACS-0% mm
Water permeability
BS 6906 : part 3: 1989

Q100
PHYSICAL PROPERTIES

Mass per unit area

EN 965:1995

Thickness

EN%4 : 19% mm
Roll width

Roll length
Roll weight

<22

L/m2sec

g/m2

&S = =

Geotextiles

For reinforcement applications
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PET150/45 PET200/45 PET300/45 PETA00/50 PET500/45 PET600/50 PET800/100

f51] A0 0 40

b b b L)

9 9 1 2

5 17 10 14
010 00

a8ss

B8g&
888
dBgE

*( TenCate Nicolon

=B &S

ERBgn

e a8

BERaog

00660059 < OB O

1

17

Neg
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18 2507

2530
2538



	รายการอ้างอิง
	ภาคผนวก ก ข้อมูลดิบของผลการตรวจวัดในสนามของแปลงทดสอบ TS-1 และ TS-2
	ภาคผนวก ข รายการคำนวณ
	ภาคผนวก ค
	ประวัติผู้เขียน

