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Ravicha Thaisiam 2014: Experimental Study of Gully Formation by Overland Flow and
Groundwater Flow. Master of Engineering (Water Resources Engineering), Major Field:
Water Resources Engineering, Department of Water Resources Engineering. Thesis

Advisor: Assistant Professor Adichai Pornprommin, D.Eng. 137 pages.

Gully initiation can be classified by mechanisms to the erosion by surface water and
subsurface water. In this study, gully formation by overland flow was analyzed by using the
circular chamber. The experiments were performed in the apparatus chamber of 120 cm diameter
and 28.5 cm height. In this study, three types (D, = 0.49, 0.30 and 0.86 mm) of uniform-size sand
were used. Thus, the flow was controlled in the radial direction and drained to the circular scarp
at the center of the chamber. As a result, gully formation in this study was more symmetrical than
other previous studies. In the beginning stage of the runs, overland flow is more dominant than
groundwater flow. It is found that the eroding scarp can persist its circular shape for some period
of time before bifurcation happened and many gullies started developing. This first stage that the
scarp was stable reasonably agrees with the stability theory by Mizushima et al. (2007). As the
overland flow decreased, groundwater became dominant, caused erosion at the toe of the scarp

and induced slope failure. The effects of groundwater increased with larger size of sand.
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3BM3NAA0Y Grain Size Analysis
1. Yaquazilnsaimsnanes
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D= 030
D= 049
Grain Size Wt. Sieve Wt. soil Percent Cumulative | Percent Finer
Sieve size ‘Wt. Sieve + Soil (g)
(mm) (2) Retained (g) | Retained (%) Percent (%)
No.10 1.680 508.9 508.9 0.0 0.00 0.00 100.00
No.12 1.410 5135 513.5 0.0 0.00 0.00 100.00
No.20 0.840 3541 353.2 0.9 0.16 0.16 99.84
No.50 0.297 806.6 300.2 506.4 91.50 91.66 8.34
No.100 0.149 326.1 286.1 37.0 6.68 98.34 1.66
No.200 0.074 2774 270.3 71 1.28 99.62 0.38
Pan 2.1 0.38 100.00 0.00
Sum 553.5 100

Y o < {1 1 % 1 A
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Dy,=0.12
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Grain Size Wt. Sieve Wt. soil Percent Cumulative | Percent Finer
Sieve size ‘Wt. Sieve + Soil (g)
(mm) (g) Retained (g) | Retained (%) Percent (%)
No.10 1.680 508.9 508.9 0.0 0.00 0.00 100.00
No.12 1.410 513.5 513.5 0.0 0.00 0.00 100.00
No.20 0.840 353.3 353.1 0.2 0.03 0.03 99.97
No.50 0.297 5724 300.2 272.2 50.29 50.32 40.68
No.100 0.149 471.3 289.1 182.1 33.65 83.97 16.03
No.200 0.074 3344 2703 64.1 11.85 95.82 4.18
Pan 226 4.18 100.00 0.00
Sum 541.2 100
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D10= 0.07
D50=0.18
Sieve size Grain Size Wt. Sieve + Soil Wt. Sieve th. soil Pe.rcentD CL;?:::::E Percer;t Finer
(mm) (9) (9) Retained (g) | Retained (%) Retained (%) (%)
No.10 1.680 0.0 0.0 0.0 0.00 0.00 100.00
No.12 1.410 0.0 0.0 0.0 0.00 0.00 100.00
No.40 0.420 394.2 315.7 78.4 7.83 7.83 92.17
No.50 0.297 512.2 300.3 212.0 21.16 28.99 71.01
No.100 0.149 555.2 289.2 266.0 26.56 55.55 44,45
N0.200 0.074 532.9 270.3 262.6 26.21 81.76 18.24
Pan 182.8 18.24 100.00 0.00
Sum 1001.7 100

Y o < {1 ' @ ' a
ﬂ1WNu3ﬂﬁ N6 ﬂTiﬂTu’Jﬂ!‘Vﬂ"ﬂuTﬂmﬂ‘ﬂﬁTﬂﬁNTU@%LLﬂiQL']J@{GnQ"] VDINTIYAIDYINBUA C




89

100

90

80

70

60

% Finer

50

40

30

20

100

1
Daimeter (mm)

0.1 0.01

~ o o & ! ¥ @ o sl I
MNHAUINN DT ﬂiW‘lﬂ’NiJﬁiJWlJ‘ﬁiw'i’JNlﬁuPﬂuﬁuﬁlﬂﬂNﬂlflﬂﬁgllﬂix‘lﬂﬂlﬂﬂilcﬁuﬁmﬂ‘l/l‘ﬂEl

NHUAZUNTIVDIAIDININTOTUA A

100

90

80

70

60

50

% Finer

40

30

20

100

1
Daimeter (mm)

0.1 0.01

= v o 1 Y P o /72 I d
MNUHUINN NS ﬂ511/\|m1uﬁu‘wuﬁizmwmumug{uaﬂaNeuaqmLmNﬂ‘unJmmummmw

NHIUAZLNTIVDIAIDENINT10THA B

& a . C Ay
%1ﬂﬂiTNmiﬂ‘i%mﬂﬂlmﬂlummmm (graln size distribution curve) wmﬁmumu
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3BMINAA9 Grain Size Determination of Hydrometer Analysis

a < = 4 a o a 4 . [~
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MAInT 45 1haredmnem ldnauzudninddon
3. MSAUIUBAZMSUAAING

o <) o <
MIMUIULAZMTUAAIHANITNTZINBYDIV AL AAUTINITORIUIUMIVUIALNA

A o @ 1 a 1 1 ~ 1 T J 3 I 3
NTIHNAUALLATAVDFAI VBIB9S 18¥HA C nu luansanzeuatlesidudia
A Y o osz' =2 9 o a <3 =2 Yy a 4 a o
nenmuaznseld duindsdevimsmuinaauinaziden a28n153A512Y e 1asines

[ { o { o [
(Hydrometer Analysis) 19 excel aauaasluanwuini v6 uaziimanla lUinsndennsim
v o ' 9 7 o /3 I A o

ANVANNUTIEUNUAUAIUFUINANVDIAZUN TNV D TIFUATANTIBNAIUAZUNTIAUITA

Tuamruand n7 ud1e1ud1 D, ez Dy, 1NNTIN

Container No. 1
Mass of dry soil for hydrometer analysis ,g 62.35
Mass of dried soil for sample , g 49.67
Type of hydrometer used 151H
Specific gravity of soil (G) 27

mount and type of dispersing agent used 125ml of sodiem hexametaphosphate solution (40g/lit4

sieve No. Sieve size Mass.sieve Mass sieve Mae.;s soll Pgrcent C::::I:::/e Eercent
mm +s0il (g) (9) Retained (g) | Retained (%) Retained (%) Finer (%)
10 1.680 0 0 0.00 0.00 0.00 100.000
12 1.410 0 0 0.00 0.00 0.00 100.000
40 0.420 394.18 315.74 78.44 7.83 7.83 92.169
50 0.297 512.21 300.26 211.95 21.16 28.99 71.011
100 0.149 555.19 289.18 266.01 26.56 55.55 44 455
200 0.074 532.86 270.31 262.55 26.21 81.76 18.245
pan - 447.34 264.58 182.76 18.24 100.00 0.000
sum 1001.71 100.00




Hydrometer Calibration

r Li L R=1000(r-1)| Zr=Li-(L/2) | (Zr - VH/2A))
1.000 24.500 14 0 17.50 16.65
1.010 22.000 14 10 15.00 14.15
1.020 19.000 14 20 12.00 11.15
Diameter of Hydrometer jar,D cm 6.72
- . 2
Cross-Section Area of Jar Aj cm 35.47
Initial Graduated Cylinder Reading,V, cm’ 870
After Hydrometer Immersion Reading V, cm® 930
Volume of Hydrometer,Vy=V,-V> cm?® 60
Weight of Hydrometer, Wy g 62.35
Minimum Hydrometer Reading,ry 0.980
Volume of Hydrometer, Vu=Wu/ry cm’ 63.62
Plot Curve A: R vs. Zr First 2 Min. Test
Plot Curve B: R vs. (Zr - V,y/2A]) After 2 Min. Test
HYDROMETER CALIBRATION
25
20
=
o
N —
o i
£ I I
E] 15 7
g  — | B—
- [ T~ —— Linear (Curve A)
(=] i T~~~
o} =
< —— Linear (Curve B)
3 10
2
[
o
c
8
A 5
0
0 5 10 15 20 25 30
R=1000(r-1)
Hydrometer Effective Diameter Percent
Elapsed Actual Composite | reading with Temperatur| &Pl | oo [ ke N= of soll
Date time time, T [hydrometer |R=1000(r-1)| correction | composite pﬂ hydrometer, N o | \
A . y e(°C) of K |particle,D| Ki(R-Ry) % | finer,N
(min) reading Ry correction H (cm) From
s (mm) (%)
applied,R Curve
27/1012014 0.25 1.0150 15.00 0.2 15.20 30 1357 | 0.01199| 0.0684 | 4846 8.841
0.50 1.0140 14.00 0.2 14.20 30 1383 |0.01199| 0.0489 | 4527 8.259
1 1.0120 12.00 0.2 12.20 30 1436 |0.01199| 0.0352 | 3889 7.096
2 1.0090 9.00 0.2 9.20 30 1514 | 0.01199| 0.0256 | 2933 5.351
14:02:00 2 1.0090 9.00 0.2 9.20 30 1514 | 0.01199| 0.0256 | 29.33 5.351
4 1.0070 7.00 0.2 7.20 30 1567 | 0.01199| 0.0184 | 2285 4.188
8 1.0050 5.00 0.2 520 30 1619 |0.01198| 0.0132 | 1658 3.025
16 1.0045 450 0.2 470 30 1632 |0.01199| 0.0094 | 1488 2734
25 1.0040 4.00 0.2 4.20 30 1645 | 0.01199| 0.0075 | 1338 2.443
45 1.0040 4.00 0.2 4.20 30 1645 | 0.01199| 0.0056 | 13.38 2.443
15:02:00 60 1.0035 350 0.2 3.70 30 1658 | 0.01199| 0.0049 | 11.80 2152
16:02:00 120 1.0035 350 0.2 3.70 30 1658 | 0.01199| 0.0035 | 11.80 2152
17:02:00 185 1.0035 350 0.2 3.70 30 1658 | 0.01199| 0.0028 | 11.80 2152
28/10/2014| 14:02:00 | 1440 1.0030 3.00 0.2 3.20 29 1671 | 0.01212| 0.0010 | 1020 1.861
29/10/2014| 14:02:00 | 2880 1.0030 3.00 0.2 3.20 29 1671 | 0.01212| 0.0007 | 1020 1.861
30/10/2014| 14:02:00 | 4320 1.0030 3.00 0.2 3.20 29 1671 | 0.01212| 0.0006 | 1020 1.861
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% Finer & Daimeter (mm)
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3BEMINA0Y Soil Permeability Test
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3. MIMUIULAZNMIIUTAING

PERMEABILITY
Test 1 2 3
Diameter of soi specimen, D(cm) 7.60 7.60 7.60 P nili
srrneabilit
Cros;-sectlon area of sol specimen (cm?) 45.30 45.30 45.30 ﬁm“gm\_d 1% 1 et
Height, H1 (cm) 28.85 28.85 28.85 Well-sorted sands, glacial outwash 10” to 10~ em/sec
Height, H2 (cm) 3.51 3.53 3.38 Silty sands, fineRands 107 to 10~ em/sec
Height of specmen, H1-H2 (cm) 25.35 25.33 2547 Silt, sandy silts, cl§yey sands, till 10 10 107 em/sec
Volume of specimen, (cm3) 1148.25 1147.35 1153.92 Clay 107 to 10™ em/sec
Cr: Some Useful Numbers oMthe Engineering Properties of
Materials (Geologic and Othense) GEOL 615 by Stanford University
L 7.805 cm
Quanttty of ] P bity at
TN Head loss, h (cm) water Time, t(5) Temperature, Pe?fglb:‘g % | Ratip of viscosity erm;g O\(f;v ? verage Ky
TestNo.| 2 0 Eadioss, AN gicharged, Q LS T () ' at T°C/ viscostty (cm/s)
M @ (@) 2 ) @) | gy | Kol 9)
o) ® 8)=(6(7)
1 184 1000 3.93 31.5 2.3824 0.7721 1.8395 »
1 2 25.2 1000 3.45 31.5 1.9816 0.7721 1.5300 1.7307
3 20.5 1000 3.56 315 2.3606 0.7721 1.8226
v Y
= o v =< o < @ 1 a
MANAUINT A8 NITATUIUHIAIANUFUUIVDUNANTIIVDIAIDYWNINYBUA A
PERMEABILITY
Test 1 2
Diameter of soi specmen, D(em) 7.60 7.60 b by
et r 2 Permeability 3
Crns; section area of soil specimen (cm?) 45.30 45.30 Well-sorted gravel 107 10 1 emisec
He!q t, H1 (cm) 28.85 28.85 Well-sorted sands, glacial outwash 107 to 10 em/sec
He!ght, H2 (Cm) 3.88 3.66 Silty sands, fineXands 107 to 10™ em/sec
Height of specimen, H1-H2 (cm) 24.97 25.19 Silt, sandy silts, clyyey sands, till 10 to 10 em/sec
Volume of specmen, (cm3) 1131.26 1141.23 Clay 107 to 10 em/sec
Cr: Some Useful Numbers o\the Engineering Properties of
Materials (Geologic and Otherdise) GEOL 615 by Stanford University
L 7.805 cm
Quantity of P bity at
Trial N Head loss, Ah (cm) water Time, ¢ (s) Temperature, Per;ﬂfgbwl\(rc_ry 3 pati of viscosty erm;s °|écy : verage Ky
TestNo. | '™ Mo €ad loss, & {am discharged, Q me, ts T (%) ’ at T°C/ viscosity (emfs)
(1) ) () O] 5) (em/s) 220°C(7) K, (am/s) ©)
o) (6) (8)=(6)*(7)
: 1 3 1000 18.03 3t 0.2730 0.7801 02130 £
2 36.4 1000 18.00 31 0.2629 0.7801 0.2051 '

v Y
o ' o < @ ' a
ﬂ]WNu?ﬂﬁ 9 ﬂ']ﬁﬂ']u'gmw']ﬂ']ﬂ'J']N“dﬁuu']"ll@\uuﬂcﬂ318%@\1@3@81\3%518%1&@ B
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PERMEABILITY
Test 1
Diameter of soil specimen, D(cm) 7.60 p bili
crmeability
Cross-section area of soil specimen (cm?) 45.30 \’C’FIT::)r:eld gravel 102 to 1 cm/sec
He?ght, H1 (em) 28.85 Well-sorted sands, glacial outwash 107 to 10" cm/sec
Height, H2 (cm) 3.51 ilty sands. fine sands 107 10 10~ cmi/sec
Height of specimen, H1-H2 (cm) 25.35 Silt, sandy silts, clayey'sands, till 10 to 10™ cm/sec
Volume of specimen, (cm3) 1148.25 Clay 107 to 10 em/sec
Cr: Some Useful Numbers on the Engineering Properties of
Materials (Geologic and Otherwise) GEOL 615 by Stanford University
L 7.805 cm
Quantitty of . ture, |permeabity at |Ratio of viscosty Permeability at |\
. water . emperature, | Permeability a N Average Ky
. . o 20°C \
Test No. Trl?Il;\l o | Head lo?z’)ﬂh (em) discharged, Q T'm?;)t @ T(°C) T °C: KT (cmys)|at T°C/ viscosity Ko (C/S) \(em/s)
(em?) (5) (6) at20°c(7) w \(9)
) ®=60) ‘
1 1 88 50 109.70 29 0.0009 0.8139 0.0007 7.26E-04

v 9
° ' o < @ 1 A
ﬂ]WNu?ﬂﬁ 10 ﬂ"lﬁﬂiuilm‘l’nf"lhlﬂﬁl']llGdﬁllu"lﬁllﬂﬂlﬂﬂﬂiﬁlﬂﬁllﬂﬂ@]:]@EJ”NVI?"IfJGIﬂ!ﬂ C

° ' ' oy < 3 1
AMNNITATUIUNUIN mﬁvma@w1mmmﬁwuﬂﬂa“l%’mmmmmwuuclﬁ'm k (DSO

= 0.49) IMAY 1.7307 ¥1./3U17 , k (D, = 0.30) 10U 0.2090 ¥1./3UN tag k (D, = 0.18)

[ a o [ 1 H 031, 4 o a d
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MIWHINT 01 ﬂ1§ﬁ1ﬂ3ﬂ!ﬁﬂ‘ﬁl!ﬁ$ﬂ31u813"116\1‘51313161]@\‘]{3-]/’3'0EJN‘V]STEI%‘L!@ A-0
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A-0

T(s) A(cm’) P(cm) T(s) A(cm’) P(cm)

0 1606.06 142.58 26 4072.08 240.64

1 1752.87 149.21 29 4072.08 240.64
2 1897.67 154.91
3 2072.89 161.93
4 2259.99 169.20
5 2448.03 175.93
6 2634.96 182.86
7 2788.44 188.52
8 2921.04 193.79
9 3078.66 199.17
10 3216.88 203.74
11 3359.45 207.97
12 3426.13 210.81
13 3505.36 214.21
14 3570.42 216.71
15 3666.23 220.64
16 3760.29 225.83
17 3826.62 228.83
18 3896.31 231.32
19 3951.98 234.58
20 3994.09 236.47
21 4021.37 237.25
22 4036.98 238.47
23 4062.97 239.83
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ASHUINT 02 ﬂﬁﬁ']u’)ﬂ!ﬁuﬁlmgﬂ’ﬂuEJ1’JGlJfJ\‘1‘ﬁ1iﬁ']“ll’f)\1S§lJ’JE)Eﬂ\ﬂ’]ﬂﬂ‘]ﬂ!ﬂ B-0
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B-0

T(s) A(cmz) P(cm) T(s) A(cmz) P(cm)
0 1584.93 141.31 39 3517.26 222.22
1 1623.40 144.11 44 3604.28 227.68
2 1820.03 151.98 49 3733.25 234.96
3 1932.39 156.51 54 3807.93 239.30
4 1961.36 157.47 59 3869.53 242.83
5 2101.31 163.38 64 3912.46 245.10
6 2141.83 164.73 69 3941.95 246.81
7 2271.08 169.64

8 2361.95 173.02

9 2303.04 171.59

10 2391.49 175.07

11 2569.41 181.07

12 2585.95 183.92

13 2622.94 184.36

14 2631.68 185.71

15 2692.25 188.13

16 2807.18 191.75

17 2896.77 193.78

18 2990.11 196.31

19 3054.95 198.68

20 2936.58 200.05

21 2925.02 200.71

22 3001.07 203.89

23 3077.00 205.97

24 3136.28 207.66

29 3374.98 215.11

34 3506.18 221.15
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A-1 A-2 A-3

T(s) | A (em’) | P (cm) TGs) | A(em’) | P(cm) T(s) | A(em’) | P (cm)
0 140548 | 133.13 0 1785.62 150.00 0 1069.22 | 116.37
1 1588.56 | 141.60 1 1867.94 153.50 1 1144.51 | 120.09
2 1686.36 | 145.82 2 2017.66 159.49 2 1273.75 | 126.56
3 1791.10 | 150.18 3 2280.14 169.73 3 1373.86 | 131.49
4 1897.20 | 154.66 4 2467.07 176.33 4 1478.95 | 136.58
5 2035.70 | 160.12 5 2773.54 187.21 5 1641.71 | 144.12
6 2175.53 | 165.62 6 2906.05 191.53 6 1749.30 | 149.05
7 2296.39 | 170.24 7 3090.29 198.21 7 1842.25 | 153.85
8 2439.52 | 175.75 8 3219.35 202.84 8 1944.59 | 157.34
9 2581.27 | 181.09 9 3309.66 206.53 9 2130.04 | 164.34
10 | 2720.13 | 185.92 10 3342.79 208.39 10 2247.08 | 168.93
11 2798.31 | 188.89 11 3382.74 211.15 11 2330.01 | 172.08
12 | 2838.74 | 191.29 12 3409.75 213.57 12 2398.42 | 174.87
13 | 2880.08 | 194.35 13 3439.63 216.02 13 2464.45 | 177.94
14 | 2913.86 | 196.66 14 3456.48 218.37 14 2521.96 | 179.60
15 2938.72 | 198.74 15 3478.91 220.68 15 2577.33 | 182.68
16 | 2960.27 | 200.92 16 3492.15 222.00 16 2609.05 | 183.86
17 | 2974.86 | 202.63 17 3497.68 222.89 17 2641.23 | 184.98
18 2978.83 | 203.17 18 3504.35 223.65 18 2666.64 | 186.47
19 | 2983.58 | 203.90 19 3526.26 226.11 19 2698.61 | 188.15
20 | 2991.03 | 204.94 20 3531.23 226.79 20 2708.26 | 189.11
21 2995.39 | 205.70 21 3535.57 228.02 21 2721.49 | 190.02
22 | 2998.05 | 206.08 22 3535.57 228.02 22 2726.77 | 190.32
27 3004.92 | 207.24 27 3544.97 228.96
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B-1
T(s) A (cm’) P (cm) T(s) A (cm’) P (cm)

0 1444.33 135.08 47 3027.97 268.75

1 1607.87 142.53 52 3049.60 273.86

2 1733.59 148.05

3 1854.67 153.41

4 1854.09 153.87

5 1933.05 158.40

6 2015.55 162.58

7 2100.71 167.06

8 2208.81 174.07

9 2270.95 179.76

10 2308.09 184.95

11 2362.46 188.14

12 2455.71 193.52

13 2536.30 198.46

14 2579.40 203.31

15 2630.47 207.30

16 2667.86 211.39

17 2701.47 215.41

18 2723.33 218.50

19 2752.60 222.80

20 2779.15 226.07

21 2803.36 228.81

22 2826.24 232.17

27 2885.13 240.01

32 2904.59 24331

37 2955.09 254.17

42 2977.78 258.89
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B-2
T(s) A (cm’) P (cm) T(s) A (cm’) P (cm)

0 1490.17 136.91 47 3094.05 259.44

1 1688.03 146.00 52 3122.10 263.83

2 1747.66 148.46

3 1836.37 152.62

4 1896.67 155.09

5 1982.15 158.25

6 2069.01 161.56

7 2099.17 162.94

8 2192.30 166.33

9 2206.34 169.72

10 2253.94 171.16

11 2319.37 175.61

12 2347.79 176.50

13 2459.74 179.41

14 2552.41 182.80

15 2620.86 186.91

16 2678.16 192.10

17 2738.94 197.96

18 2781.30 205.32

19 2817.66 210.94

20 2855.62 217.39

21 2893.40 222.75

22 2930.47 226.61

27 2959.94 236.61

32 3014.94 245.32

37 3041.00 250.34

42 3068.72 255.06
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B-3
T(s) A (em’) P (cm)
0 1012.75 112.98
1 1137.70 131.14
2 1385.50 136.67
3 1436.20 140.16
4 1517.12 144.97
5 1630.23 149.30
6 1708.45 151.03
7 1776.77 154.20
8 1813.31 155.74
9 1818.90 155.63
10 1910.86 159.63
11 1982.76 161.75
12 2031.04 164.28
13 2084.34 166.63
14 2132.90 168.73
15 2189.46 171.06
16 2257.49 174.10
17 2308.32 176.33
18 2355.67 177.96
19 2387.35 179.12
20 2424.90 181.03
21 2443.23 181.87
22 2462.99 182.74
27 2499.00 184.86
32 2521.08 186.19
37 2527.26 186.57
42 2539.57 187.34
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C-1
T(s) A (cm’) P (cm) T(s) A (em’) P (cm)
0 1469.67 137.45 35 2409.70 174.95
1 1558.01 141.47 40 2424.47 175.44
2 1672.08 145.94 45 2450.49 176.67
3 1746.72 149.01 50 2471.62 177.67
4 1801.60 151.38 55 2505.68 180.61
5 1831.38 152.54 60 2540.59 184.00
6 1889.49 155.18 65 2561.35 187.36
7 1926.94 156.55 70 2574.19 189.31
8 1962.84 158.14 75 2586.05 191.78
9 2040.77 161.25 80 2595.19 193.34
10 2069.55 162.35 85 2605.28 194.65
11 2079.79 162.95 90 2614.43 196.17
12 2111.03 164.13 95 2622.03 197.59
13 2129.48 164.68
14 2160.50 165.81
15 2190.22 167.02
16 2207.82 167.42
17 2232.24 168.43
18 2248.85 169.05
19 2262.71 169.46
20 2283.89 170.52
21 2308.03 171.42
22 2326.16 172.06
23 2335.97 172.40
24 2355.52 173.02
25 2376.84 173.72
30 2393.51 174.40
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C-2
T(s) A (cm’) P (cm) T(s) A (em’) P (cm)
0 1540.80 141.56 35 2266.46 169.17
1 1629.24 147.17 40 2292.38 170.63
2 1720.45 149.52 45 2307.18 171.49
3 1788.47 151.20 50 2349.13 173.89
4 1842.51 153.27 55 2360.55 174.71
5 1889.24 155.10 60 2391.04 177.62
6 1906.91 155.83 65 2416.23 180.89
7 1933.04 157.11 70 2435.49 183.85
8 1966.67 158.61 75 2449.67 186.11
9 2002.94 159.84 80 2454.79 186.75
10 2031.04 160.83 85 2468.86 189.49
11 2059.90 162.02 90 2484.27 192.31
12 2070.45 162.29 95 2494.86 194.43
13 2090.78 163.03
14 2106.68 163.39
15 2116.15 163.71
16 2123.01 163.91
17 2128.85 164.10
18 2170.82 165.70
19 2184.04 166.21
20 2207.92 167.07
21 2224.53 167.56
22 2232.57 167.81
23 2234.89 167.92
24 2261.60 168.98
25 2261.60 168.98
30 2263.04 169.06
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C3
T(s) A (cm’) P (cm) T(s) A (em’) P (cm)
0 1069.22 116.37 35 1569.89 143.89
1 1214.24 133.41 40 1572.88 144.76
2 1247.08 134.32 45 1580.69 145.43
3 1268.84 134.52 50 1606.98 147.31
4 1282.10 134.72 55 1623.00 149.26
5 1317.12 135.26 60 1633.00 152.37
6 1334.18 135.68 65 1640.40 154.51
7 1351.08 135.72
8 1364.31 135.11
9 1385.28 134.70
10 1385.26 135.74
11 1401.56 135.89
12 1407.35 136.53
13 1422.04 137.73
14 1439.51 138.44
15 1447.70 138.53
16 1453.26 138.58
17 1462.19 139.34
18 1470.39 139.63
19 1491.22 140.11
20 1503.53 141.24
21 1521.25 142.20
22 1529.71 142.31
23 1545.89 142.80
24 1552.38 143.30
25 1557.36 143.35
30 1563.77 143.71
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4. M35 lasih dresvuiivlalaensa (The direct step method)

A B C D E F G H 1 ] K L [} N 0 P Q R 5 T
apha 1 rpan 06m Drasg=  0.374961 m 0 mn 000256875
ks = apha*D50 0.3 mm qc 0.0025691 m2fs 0.002569141 max 0002569531
S0 0 he 0.00876265 m fonans  0.002569141
hpan 0.0131m 113129 0.0131
n 20
Dh 0.0002183 m
TotalDr  0.37412353 m posttive
Trial Dr h2 r2 A2 w2 Fr2 E2 hi rl AL u1 Frl El DE=EL-E2 @/g uavg cf Dr error* 1000000
0.000189022] 0.008763 0.225039\ 0.01239] 0.29315212] 1] 0.013144] 0.0085981 0.225228] 0.012709] 0.285825] 0.562953 0.013145 0.000 | 0.008872| 0.289508708] 0.004529| 0.00018902| 3.57E-06)
0.000583382 0.008981| 0.225228| 0.012709)  0.2858253) 0.962953| 0.013145 0.0091993| 0.225811] 0.013052| 0.278322| 0.92648| 0.013147 0.000] 0.00909] 0.282073441) 0.004889| 0.00058338| 3.55E-05
0.001006407] 0.009199) 0.225811) 0.013052] 0.27832159| (0.92648| 0.013147| 0.0094176] 0.226818 0.013421| 0.270664 0.890484 0.013151 0.000 | 0.009308| 0.274492615| 0.00485| 0.00100641] 0.00011
0.00146606] 0.009418| 0.226818| 0.013421] 0.27066364| 0.890484| 0.013151] 0.0096359) 0.228284) 0.013821| 0.262833| 0.854869] 0.013157| 0.000] 0.009527| 0.266748232| 0.004813| 0.00146606] 0000244
0.001972266( 0.009636| 0.228284| 0.013821) 0.26283282) 0.854869| 0.013157| 0.0098542| 0.230256| 0.014256| 0.254809] 0.819539) 0.013163 0.000] 0.009745| 0.258820779) 0.004777| 0.00197227] 0.000461
0.002537625 0.009854| 0.230256 0.014256] 0.25480874) 0.819539| 0.013163| 0.0100725| 0.232794] 0.014733| 0.246569] 0.784396| 0.013171 0.000 ] 0.009963| 0.250688761 0.004742| 0.00253762| 0.000795
0.003178448) 0.010072| 0.232794| 0.014733] 0.24656878) 0.784396] 0.013171] 0.0102908) 0.235972 0.015256) 0.238087] 0.749338 0.01318] 0.000] 0.010182| 0.242328123) 0.004708| 0.00317845| -7.6E-08
0.003916266 0.010291] 0.235972| 0.015258) 0.23808746) 0.749338| 0.01318 0.0105091] 0.239889] 0.01584| 0.229336| 0.714257 0.01319 0.000] 0.0104] 0.23371152) 0.004674| 0.00391627| -1.56-07
0.004780134] 0.010509 0.239889| 0.01584) 0.22933558| 0.714257| 0.01319 0.0107274] 0.244669] 0.016491| 0.220279) 0.679035 0.013201 0.000] 0.010618| 0.224807378) 0.004642| 0.00478013] -2.7E-07
0.005810196] 0.010727) 0.244669) 0.016491] 0.22027918 0.679035| 0.013201] 0.0109457| 0.250479| 0.017226| 0.210878] 0.64354| 0.013212 0.000 | 0.010837] 0.21557864| 0.004611] 0.0058102] -4.9E-07
0.007063431] 0.010946/ 0.250479| 0.017226 0.2108781] 0.64354| 0.013212| 0.011164| 0.257542| 0.018065| 0.201084| 0.607622| 0.013225 0.000] 0.011055| 0.205981063| 0.00458| 0.00706343| -8.8E-07
0.008623237) 0.011164) 0.257542| 0.018065] 0.20108402) 0.607622) 0.013225 0.0113823) 0.266166 0.019035) 0.190838] 0.571103| 0.013239 0.000] 0.011273| 0.195960814) U.UU4@ 0.00862324| -1.6E-06|
0.010616165[ 0.011382] 0.266166 0.019035) 0.19083761) 0.571103| 0.013239| 0.0116006| 0.276782| 0.020174| 0.180064| 0.533769| 0.013253 0.000] 0.011491| 0.185450999] 0.004521| 0.01061616] -2.9E-06)
0.013242734] 0.011601] 0.276782| 0.020174) 0.18006439) 0.533769| 0.013253 0.0118189| 0.290024] 0.021537| 0.168668] 0.495348| 0.013269 0.000| 0.01171] 0.174366425] 0004493 0.01324273) -5.5E-06)
0.01683795] 0.011819| 0.250024] 0.021537] 0.16866846] 0.495348 0.013269] 0.0120372] 0.306862| 0.023209| 0.156522 0.45549| 0.013286| 0.000] 0.011928| 0.162595385) 0.004466| 0.01683795] -1.1E-05
0.022000204] 0.012037| 0.306862| 0.023209) 0.15652231] 0.45549| 0.013286| 0.0122555| 0.328863| 0.025324| 0.14345| 0.413713 0.013304] 0.000] 0.012146| 0.149986024) 0.004439]  0.0220002] -2.2E-05
0.029895932] 0.012256/ 0.328863| 0.025324] 0.14344974| 0.413713| 0.013304| 0.0124738| 0.358759] 0.028118| 0.129195 0.368326| 0.013325 0.000 | 0.012365] 0.136322134) 0.004412| 0.02989593| -4.8E-05
0.043088125] 0.012474 0.358759] 0.028118) 0.12919453| 0.369326| 0.013325 0.0126921| 0.401847| 0.032046| 0.113358| 0.321255| 0.013347 0.000] 0.012583| 0.121276136) 0.004387| 0.04308812| -0.00012
0.068291957] 0.012692| 0.401847| 0.032046| 0.11335774[ 0.321255| 0.013347| 0.0129104| 0.470139| 0.038137| 0.095253 0.267654| 0.013373 0.000 | 0.012801] 0.104305438| 0.004362| 0.06829196| -0.00032
0.129023991| 0.01291] 0.470139) 0.038137) 0.09525314) 0.267654| 0.013373| 0.0131287| 0.599163| 0.049425| 0.073498] 0.204801 0.013404) 0.000] 0.01302) U.UE4375B09\ 0.004337] 0.12902399| -0.00089
0.013129] 0.599163) 0.049425) 0.07349848] 0.204801] 0.013404

0.013

oon2 /

0.011

0.009

0.008

0.007
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Juaiulalaensa (The direct-
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MUNRHININ

ITHTN v 2 douy o ¥ A v ] A
L e , szamnndala | szauihnsinala MANUAAIANADHU
sTAUI guanaa (3.
x) ) (%)
Gl 0.2626 0.0114 0.0112 1.94
18 2 0.4416 0.0132 0.0129 1.98
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Mundanda 22N o UL AGed BF .. t : 4
. ) szauihiiala | szauihnsala MmANUAIANAU
sTAUI guanan (.
W) (N) (%)
g1 0.2626 0.0099 0.0097 2.11
1@ 2 0.4416 0.0115 0.0113 1.87
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. , szauiniala | szauihnsala MANUAMIAAADU
sTAU guanans (4.
) ) (%)
1811 0.2626 0.0072 0.0073 1.24
1q912 0.4416 0.0090 0.0091 0.77
DU 0.6000 0.0094 0.0094 -
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