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Jitima Tapparnich 2010: Mechanical Behaviour of Soil in Laplae Area of Uttaradit
Province with Applications to Landslide. Master of Engineering (Civil Engineering),
Major Field: Civil Engineering, Department of Civil Engineering. Thesis Advisor:

Mr. Apiniti Jotisankasa, Ph.D. 214 pages.

Numerous shallow slope failures took place in residual soils derived from sedimentary
rock formation of Uttaradit province, Northern Thailand in 2005, due to prolonged and intense
rainfall. In this study, mechanical behaviour of soils and slope behaviour in Laplae Area of
Uttaradit Province were investigated, such as field measurement of pore water pressure, slope
movement, soil property, shear behaviour as well as water retention, in order to understand the
slope failure mechanism. Fully saturated consolidated-drained (CD) as well as suction-
monitored direct shear tests have been performed on undisturbed samples collected from depths
of 0.3-1 m. A miniature tensiometer has been used for suction measurement during these tests.
In addition, influence of number of drying/wetting cycles on saturated shear strength is
investigated. Also studied are unsaturated soil property functions including hydraulic
conductivity function and soil water characteristic curve. There test results are used in seepage

and stability analysis using Finite Element1D and Infinite Slope methods.

The test results of drying/wetting influence shear strength shows that when increasing
drying/wetting cycles, shear strength(cementation) of soil decreased until reaching a value
similar to a residual shear strength. It is summarised that the weathering of soil decreased its
cementation and cohesion. The seepage finite element analysis also comfirm the accuracy of the
continuous method for k-function and SWCC measurement. The major slope destabilization
mechanism is found to be a combination of pore water pressure increase, material degradation,
impeded drainage layer and critical thickness of soil. Understanding these parameters of slope

failure leads to a better development of the warning system.
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2. Instantaneous Profile Methods
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II TOPPLES Rock topple Debris topple Earth topple
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3: Varnes (1978)
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{Zdruba and Mencl, 2.793)
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f3: Varnes (1978)
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TnsFmvidene
Read Out Read Out
No. No.
Multimeter (Volt) SMS. (Volt) Multimeter (Volt) SMS. (Volt)
1 0.962 0.937 12 2.52 2.522
2 3.73 3.72 13 2.52 2.533
3 0.781 0.752 14 2.63 2.625
4 0.813 0.779 15 2.35 2.339
5 0.818 0.773 16 1.42 1.346
6 0.785 0.754 17 2.5 2.222
7 3.27 3.254 18 2.52 2.539
8 0.81 0.766 19 2.44 2.391
9 3.63 3.644 20 2.6 2.563
10 0.779 0.754 21 2.42 2.358
11 2.47 2.467 22 3.02 3.046
4.0
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S 3.0 -

£ 25

B
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PORE WATER PRESSURE (AVERAGE)

RAINFALL
DATE (kPa)
(M/D/Y) 1 3 5 6 9 16
(mm/day)

T1-3m T2-0.5m T3-1m T4-0.5m T5-0.5m T5-Im
8/25/2008 8.128 16.494 -1.564 -4.414 -1.938 -1.478 -1.446
8/26/2008 35.306 11.873 -1.039 -2.367 -1.788 -0.523 -0.318
8/27/2008 0 11.976 -0.298 -4.888 -1.634 -0.844 -0.717
8/28/2008 2.54 12.235 0.495 -5.417 -1.878 -0.949 -0.803
8/29/2008 0 9.920 4.157 -5.516 -9.063 -1.452 -1.119
8/30/2008 0 - - - - = =
8/31/2008 0 - e A - - -
9/1/2008 10.922 - - - - - -
9/2/2008 0 - - : - - -
9/3/2008 0 - - s 5 = -
9/4/2008 0 & 3 - = = -
9/5/2008 50.8 - = = S = -
9/6/2008 0 - - - - - -
9/7/2008 1.524 E - - - - -
9/8/2008 0 13.423 0.201 -4.414 -0.343 -0.843 -0.849
9/9/2008 0 13.640 -0.684 -4.276 -0.206 -1.353 -1.274
9/10/2008 0 13.450 -1.931 -9.125 -4.510 -1.835 -1.775
9/11/2008 10.668 12.897 -1.669 -7.661 -3.574 -1.431 -1.765
9/12/2008 2.794 13.442 -1.936 -8.944 -3.006 -0.323 -2.228
9/13/2008 51.562 13.532 0.054 -4.040 0.493 0.163 -0.995
9/14/2008 22.86 3 - - - - -
9/15/2008 16.764 - - - - - -
9/16/2008 49.784 - - - - - -
9/17/2008 7.112 - - - - - -
9/18/2008 12.7 - - - - - -
9/19/2008 0.254 18.423 0.536 -8.508 -3.489 -0.509 -0.682
9/20/2008 10.16 17.762 0.532 -7.609 -3.370 0.041 -0.601
9/21/2008 4.064 17.492 0.752 -8.905 -4.729 -0.189 -0.270
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PORE WATER PRESSURE (AVERAGE)

RAINFALL
DATE (kPa)
(M/D/Y) 1 3 5 6 9 16
(mm/day)

T1-3m T2-0.5m T3-Im T4-0.5m T5-0.5m T5-Im
9/22/2008 0 17.324 0.067 -7.626 -2.978 -0.348 -0.957
9/23/2008 0 17.978 -0.792 -7.844 -3.001 -0.994 -1.209
9/24/2008 0 17.133 -0.874 -8.290 -2.993 -1.323 -1.604
9/25/2008 0 17.534 -1.027 -9.247 -3.263 -1.241 -1.578
9/26/2008 29.21 18.043 -0.005 -8.631 -3.240 -0.753 -1.423
9/27/2008 0.254 19.025 0.259 -6.517 -2.554 -0.087 -0.146
9/28/2008 0 18.624 0.395 -6.445 -3.036 -0.412 -0.512
9/29/2008 4.572 - - - - - -
9/30/2008 7.366 - = : = - -
10/1/2008 0.762 - - s 5 = -
10/2/2008 0.254 = 9 - = = -
10/3/2008 5.588 - = & ; = -
10/4/2008 10.414 - - - - - -
10/5/2008 19.812 : - - 2 - -
10/6/2008 4318 - - = - - 2
10/7/2008 14.732 - 3 = > - -
10/8/2008 18.288 22.369 1.518 -7.785 -4.497 0.442 0.403
10/9/2008 0 22.096 0.714 -5.947 -2.337 0.017 0.024
10/10/2008 0.254 20.221 0.387 -5.740 -1.977 -0.213 -0.159
10/11/2008 25.654 20.242 0.373 -6.239 -2.012 -0.147 -0.443
10/12/2008 0.508 21.199 1.265 -4.994 -1.828 0.551 0.362
10/13/2008 0 - - - - - -
10/14/2008 2.032 - - - - - -
10/15/2008 0 - - - - - -
10/16/2008 0 21.460 -0.791 -10.173 -5.531 -1.014 -1.100
10/17/2008 0 21.311 -0.899 -10.952 -6.082 -1.177 -1.325
10/18/2008 0 21.425 -1.165 -11.681 -6.872 -1.309 -1.424
10/19/2008 0 21.748 -1.471 -10.397 -5.689 -1.412 -1.626
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PORE WATER PRESSURE (AVERAGE)

RAINFALL
DATE (kPa)
(M/D/Y) 1 3 5 6 9 16
(mm/day)

T1-3m T2-0.5m T3-Im T4-0.5m T5-0.5m T5-1Im

10/20/2008 0 - = - - - -

10/21/2008 6.096 - 2 3 - = -
10/22/2008 0.254 21.415 -3.856 -12.643 -9.187 -2.422 -2.531
10/23/2008 32.766 21.575 -3.928 -13.533 -9.340 -2.197 -2.569
10/24/2008 22.606 23.759 1.999 -7.091 -0.140 0.792 0.636
10/25/2008 2.794 25.194 1.063 -3.322 0.176 0.209 0.114
10/26/2008 38.1 25.680 1.414 -3.511 0.087 0.322 0.192
10/27/2008 21.844 26.865 1.835 -2.983 0.328 0.783 0.598
10/28/2008 2.286 27.668 1.397 -3.378 0.021 0.479 0.225
10/29/2008 0.254 27.420 0.450 -4.428 -0.567 -0.263 -0.443
10/30/2008 0 27.167 0.130 -5.313 -1.060 -0.510 -0.746
10/31/2008 1.016 27.001 -0.201 -6.500 -2.045 -0.747 -1.050
11/1/2008 52.578 28.144 1.837 -4.767 -1.378 0.526 0.357
11/2/2008 68.326 29.634 1.771 -3.697 -0.452 0.568 0.493
11/3/2008 0 29.241 0.757 -3.873 -0.147 0.021 -0.138
11/4/2008 1.27 28.928 0.365 -4.890 -0.885 -0.238 -0.428
11/5/2008 6.35 28.574 0.074 -5.992 -1.680 -0.464 -0.713
11/6/2008 0 28.409 -0.181 -6.251 -1.743 -0.183 -0.957
11/7/2008 0 28.210 -0.248 -6.335 -1.708 -0.532 -1.133
11/8/2008 3.556 28.079 -0.518 -6.725 -2.011 -0.738 -1.312
11/9/2008 0.254 28.087 -0.650 -7.483 -2.771 -0.758 -1.310
11/10/2008 0 27.781 -1.080 -8.905 -4.257 -0.821 -1.308
11/11/2008 0.254 27.688 -1.576 -8.694 -4.454 -1.003 -1.471
11/12/2008 0 27.233 -2.527 -9.650 -6.304 -1.442 -1.791
11/13/2008 0.254 27.121 -3.329 -11.832 -9.826 -1.835 -2.028
11/14/2008 0 26.830 -4.699 -13.158 -12.975 -2.231 -2.291
11/15/2008 0 26.775 -6.646 -16.018 -17.843 -2.915 -2.757
11/16/2008 0 26.691 -9.286 -17.028 -21.583 -3.768 -3.218
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PORE WATER PRESSURE (AVERAGE)

RAINFALL
DATE (kPa)
(M/D/Y) 1 3 5 6 9 16
(mm/day)

TI1-3m T2-0.5m T3-Im T4-0.5m T5-0.5m T5-1m
11/17/2008 0 26.495 -13.121 -17.263 -25.015 -4.839 -3.663
11/18/2008 0 26.792 -18.999 -18.814 -29.996 -6.192 -3.871
11/19/2008 0 26.970 -22.943 -19.968 -32.158 -7.543 -3.981
11/20/2008 0 27.064 -28.951 -21.896 -35.340 -9.793 -4.369
11/21/2008 0 26.679 -38.153 -23.731 -38.247 -13.162 -5.092
11/22/2008 0 26.563 -48.592 -26.380 -41.339 -17.522 -5.991
11/23/2008 0 26.429 -30.998 3 -40.439 -20.824 -7.017
11/24/2008 0 26.149 2 & * -23.044 -8.131
11/25/2008 0 26.090 v % v -25.162 -9.368
11/26/2008 0 26.289 * z ' -27.355 -10.827
11/27/2008 0.254 26.268 “ * & -29.843 -12.481
11/28/2008 0 25.960 o & i -32.718 -14.321
11/29/2008 0.254 26.525 < * * -35.658 -16.551
11/30/2008 0 26.101 & * X -38.828 -18.661
12/1/2008 0.254 25.488 * < * -41.971 -21.254
12/2/2008 0 25.663 < > = -44.393 -24.043
12/3/2008 0 25.372 ¥ & * -47.341 -26.998
12/4/2008 0.254 25.591 < * * -50.647 -29.572
12/5/2008 0 25.782 * * % -53.373 -31.897
12/6/2008 0 25.700 * & * -56.026 -34.703
12/7/2008 0 25.458 * * * -58.826 -37.601
12/8/2008 0 25.016 * * * -60.245 -40.327
12/9/2008 0.254 24910 * * * -60.025 -43.269
12/10/2008 0 24.550 * * * -60.824 -46.173
12/11/2008 0.254 24.039 * * * -61.293 -48.954
12/12/2008 0 23.802 * * * -61.315 -51.933
12/13/2008 0 23.330 * * * -60.615 -54.607
12/14/2008 0 22.692 * * * -62.131 -58.688
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PORE WATER PRESSURE (AVERAGE)

RAINFALL
DATE (kPa)
(M/D/Y) 1 3 5 6 9 16
(mm/day)

T1-3m T2-0.5m T3-1m T4-0.5m T5-0.5m T5-1m
12/15/2008 0.254 23.763 & * * -61.110 -60.479
12/16/2008 0 24.144 g N * -60.778 -63.487
12/17/2008 0 24.134 g * * * -66.488
12/18/2008 0 24.074 ¥ * * * -69.643
12/19/2008 0 15.957 * ® 3 g -70.326
12/20/2008 0 2.882 * * * * *
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MINHUINA V1 HANTADUNIUIATBINDIAANUFUTUNNT (¥ UFDS 1

DATE SUBSTANCE Rh VOLTAGE ERROR
(M/D/Y) (%) (Volt)
6/3/2008 NaCl (sat) 75.1 3.1 0.02
6/9/2008 KCI (sat) 84.2 3.46 0.02
6/12/2008 BaCl,.H,0 (sat) 90.3 3.6 0.02
6/18/2008 NaCl 2M 93.1 3.64 0.02
6/24/2008 Distilled Water 100 3.98 0.02
6/30/2008 NaOH (sat) 7 1 0
7/7/2008 NaCl (sat) 2" 75.1 3 0
9/28/2009 NaCl 2M 2™ 93.1 3.8 0.02
10/2/2009 Distilled Water 2™ 100 43 0.01
10/7/2009 NaCl (sat) 2" 75.1 3.28 0.01
120
Sensor 1

o\: 100 +

=

Cﬁh 80 1

2

£

é 60 -

=

e

2 40 -

=

S 20 y=29.74x-19.316

¢ R%=0.9771
O T T T T T T T

10 15 20 25 30 35 40 45
Voltage (volt)

d‘ = A A o dy ¥ o J 4
MNAUINN YT NTHDLUNYLUATOINDIAANUBUTUNNG (B ULEDT 1
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DATE SUBSTANCE Rh VOLTAGE ERROR
M/D/Y) (%) (Volt)
3/6/2008 KCl (sat) 84.2 3.57 0.025
3/11/2008 NacCl (sat) 75.1 3.25 0.05
3/18/2008 NaOH (sat) 7 1.036 0.01
3/20/2008 NacCl (sat) an 75.1 3.245 0.005
3/21/2008 KCl (sat) 2Iml 84.2 3.51 0.02
3/24/2008 BaCl2*HzO (sat) 90.3 3.7 0.03
3/26/2008 NaCl 2M 93.1 3.74 0.01
4/1/2008 Distilled Water 100 4.025 0.025
4/3/2008 NaCl 2M 2ml 93.1 3.825 0.025
4/7/2008 BaCl,,H,0 (sat) 2 90.3 3.75 0.04
9/28/2009 NaCl 2M 2nd 93.1 3.82 0.01
10/2/2009 Distilled Water 2nd 100 4.06 0
10/7/2009 NaCl 2M 3ml 93.1 3.88 0.02
120
Sensor 2

S 100 1

éﬁ %0 |

2

£

‘g 60 1

=

=

g 40 -

=

2 20 A y=30.918x-25.031

R2 =0.9981
O T T T T T T T
1.0 15 20 25 30 35 40 45
Voltage (volt)

d‘ = A A o dy o o Jd 4
MNAUINN Y2 NTADVNYIVATOINDIAANUBUTUNND (Y ULLDT 2
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DATE SUBSTANCE Rh VOLTAGE ERROR
(M/D/Y) (%) (Volt)
6/3/2008 KClI (sat) 84.2 3.425 0.025
6/9/2008 BaCl,,H,O (sat) 90.3 3.58 0.01
6/12/2008 NaCl 2M 93.1 3.65 0.02
6/18/2008 Distilled Water 100 3.95 0.01
6/24/2008 NaOH (sat) 7 1 0
6/30/2008 NaCl (sat) 75.1 3 0.01
7/7/2008 KCl (sat) 2" 84.2 3.5 0.02
9/28/2009 BaCl,,H,0 (sat) 2" 90.3 3.685 0.01
10/2/2009 NaCl 2M 2™ 93.1 3.79 0
10/7/2009 Distilled Water 2™ 100 4.04 0.01
120

8\3 100 -

=

Qﬁ“ 80

2

b

é 60 -

=

<

o 40 -

=

2 20 y =30.952x-22.33

R2 =0.9926
O T T T T T T T
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Voltage (volt)
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DATE SUBSTANCE Rh VOLTAGE ERROR
(M/D/Y) (%) (Volt)
6/3/2008 KCl (sat) 84.2 3.625 0.025
6/9/2008 BaCl,.H,0 (sat) 90.3 3.72 0.02
6/12/2008 NaCl 2M 93.1 3.76 0.02
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®  Wetting curve from point-wise measurement SWCC test
O Drying curve from point-wise measurement SWCC test
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®  Wetting curve from point-wise measurement SWCC test
O Drying curve from point-wise measurement SWCC test
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0.6 ®  Wetting curve from point-wise intered SWCC test
: O Drying curve from point-wise intered SWCC test
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