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Design and Construct Falling Head — Rising Tail Testing Apparatus
Sommart SWASDI Chumroon SOMBOON and Arsit IYARUK

ABSTRACT

This research was design and constructs the apparatus for testing the coefficient of
permeability of soil (k) which is important for design a dam, street, landfills, water retention
pond, compaction work, excavation work, tunnel, retraining walls and slop stability. We propose
to construct of a permeability testing apparatus on Falling Head — Rising Tail which simulate a
permeability of soil. We are studied a weakness of Constant Head and Variable Head (Falling
Head) testing apparatus (Conventional Method) exists which have been a new concept for
troubleshooting the problems with design and construct of a permeability testing apparatus by
Falling Head — Rising Tail method. This api'paratus can be simulated the soil samples state
nearest the natural soil state before sampling the samples which can be checked the saturated of
samples like the Triaxial testing and the wall around the soil sample is a flexible wall that it can
be reduced the leakage of fluid between the solil sample and the rigid wall.

The results of study is found the values of k from Falling Head — Rising Tail testing
apparatus are less than the values of k from éonventional Method that the hypothesis is defined
to troubleshoot the problems. The Falling Head — Rising Tail testing apparatus can be reduced
the time for testing and increasing the pressure to higher which can be testing with the very low
k soil. Thus, the Falling Head — Rising Tail testing apparatus can be used to test the coefficient
of permeability of soil.

Keyword : Coefficient of Permeability, Falling Head — Rising Tail, Constant Head, Variable
Head
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dedu | dedAwihn | deduthu veAuU
Soil Properties. meaide T09 asy ;] ﬂ:j ilos L
Unan uA
Liquid limit (LL ) 41.82 353 35.25 436 34 285
Plasticity Index ( PI) 27.84 1427 | 6.01 8.54 931 4.46
Specific gravity ( Gs ) 2177 2.719 | 2665 2.749 2757 2,648
% Finer (%) 65.11 2%9 . 57.02 56.75 26.1 43.02
Type of Soil cL sc ML oL sM sM
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Yoaunia | deduthn | vedurhu | defuseu | deAuw | UeAuma
Soil Properties. ; " i
G 709 CET Unan {loq A
FH-RT A1k A8, 1,cvs | 7.807E-07 1.827E-06 | 5.899E-06 | 6.029E-08 1LIS9E-05 | 9.344E-08
FH-RTfilk A0.2,cmis | 5.658E-07 1.042E-06 | 4.174E-06 | 3.992E-08 1.335E-05 | 8.458E-08
FH-RT A1k A0.3,cm/s | 2809E-07 | 6.129E-07 | 1.838E-06 - 1.209E-05 -
FH A1k @Y. 1,cm/s | 1.056E-06 5253E-06 | 8.726E-05 2.702E-05 | 9.003E-05 | 4.612E-07
FH fi1k 8.2, cmis | 8.997E-07 | 3.736E-06 1.574E-05 1.795E-05 | 4.133E-05 | 4.562E-07
FH filk A8, 3, emis - : - : - -
CH fik Q0. 1,cms | 1.057E-06 | 5259E-06 | 8.731E05 | 2.70SE-05 9.008E-05 | 4.617E-07
CH fink ®8.2,cmis | 9.008E-07 3.7401_3—06 1.576E-05 1.797E-05 | 4.137E-05 | 4.567E-07
CH 1k QY. 3, cms - - . - - -
FH-RT ANy 4 A.1, glem’ 1993 1.855 1.589 1.645 1.857 1.985
FH-RT AN Y4 A8.2, glom’ 1.622 1.853 1.934 1685 1.811 2.004
FH-RT ANy, 0.3, glem’ 1601 1.861 1.605 - 1792 .
FH ANy, AY.1, glem’ 1.624 l.6‘i5 1.638 1.672 1.712 1.743
FH ANy, M0.2, glom’ 1.623 1.s§s 1.641 1.672 1.719 1761
FH ANy, Ab.3, gom’ : 4 : Y ' }
FH-RT AN w A8.1, % 19.81 1437 18.50 21.67 8.98 14.73
FH-RT AN w 782, % 2437 16.10 13.52 21.93 8.98 14.73
FH-RT A1 w #8.3, % 25.03 17.250 22,00 - 8.98 -
FH A1 w a0.1, % 20.64 11.;_,'1 13.86 17.03 10.58 13.60
FH A1 w 78.2, % 20.64 17.71 13.86 17.03 10.58 13.60
FH AN w A8.3,% - - - . - -
FH-RT A1 e Au.1, % 39.34 46.57 67.71 67.11 48.46 33.00
FH-RT A1 ¢ A8.2, % 7121 46.73 37.79 63.14 52.23 31.74
FH-RT A1 e A8.3, % 73.45 46.10 66.04 - 53.85 -
FH A1 e AB.1, % 71.00 68.34 62.70 64.41 61.04 51.92
FH A1 e A8.2,% 7110 74.51 62.40 64.41 60.38 50.37

FH A1 e A8.3, %
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_| 4 Falling Head-Rising Tail
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M 1 ueasdeyansmia k vesedutimihngos Tagldyanadeoy Falling Head -

Rising Tail o197 1

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
Hp He Hp He Hp
(sec) | He (cm) | (cm) (cm) (cm) (cm) (cm) (cc/ce) (cm/sec)
0 19.10 2400 | 26.60 | 2000 13.50 1000 = -

900 19.00 2400 26.10 2000 14.00 1000 1.00 1.88E-06
1800 | 19.10 2400 | 25.60 | 2000 | 14.50 1000 1.00 1.88E-06
2700 | 18.90 2400 25.10 2000 15.00 1000 1.00 1.88E-06
3600 | 19.00 2400 | 24.60 | 2000 | 15.50 1000 1.00 1.88E-06
4500 | 18.70 2400 24.10 2000 15.90 1000 1.25 1.69E-06
5400 | 18.70 2400 23.50 2000 16.50 1000 1.00 2.26E-06
6300 | 18.70 2400 | 23.20 | 2000 17.00 1000 0.60 1.51E-06
7200 | 18.70 2400 22.70 200;0 17.40 1000 1.25 1.70E-06
8100 | 18.70 2400 22.20 2060 17.90 1000 1.00 1.89E-06
9000 | 18.70 2400 21.70 2000 18.30 1000 1.25 1.70E-06

Average 1.83E-06

50




a1e 02 uaasdeyamsmim k veseauthuihnyes Tavldyanadou Falling Head -

Rising Tail f08197 2

3l

Average
!

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
Hp He Hp He Hp

(sec) | He (cm) | (cm) (cm) (cm) (cm) (em) (cclee) (cm/sec)

0 16.60 | 2400.00 | 27.60 | 2000.00 | 8.50 | 1000.00 - -
1800 | 16.60 | 2400.00 | 26.90 | 2000.00 | 9.00 1000.00 1.40 1.12E-06
3600 | 16.60 | 2400.00 | 26.50 |2000.00 | 9.50 | 1000.00 0.80 8.40E-07
5400 | 16.60 | 2400.00 | 25.90 |2000.00 | 10.00 | 1000.00 1.20 1.03E-06
6300 | 16.60 | 2400.00 | 25.50 |2000.00 | 10.30 | 1000.00 133 1.31E-06
7200 | 16.60 | 2400.00 [ 25.40 2000.00 10.60 | 1000.00 0.33 7.48E-07
8100 | 16.60 | 2400.00 | 25.00 | 2000.00 { 10.90 | 1000.00 1.33 1.31E-06
9000 | 16.60 | 2400.00 [ 24.70 200(?.00 11.10 | 1000.00 1.50 9.37E-07
1.04E-06




mae 03 namsdeyantmim k veseAutnihnges Tasldganacou Falling Head -

Rising Tail #20879% 3

52

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
He Hp He Hp He Hp

(sec) (cm) (cm) (cm) (cm) (cm) (cm) (cc/ee) (cm/sec)

0 11.30 | 2400.00 | 25.60 | 2000.00 | 16.50 | 1000.00 - -
1800 11.30 | 2400.00 | 25.10 | 2000.00 | 16.90 | 1000.00 1.25 8.47E-07
3600 11.30 | 2400.00 | 24.70 | 2000.00 | 17.20 | 1000.00 1,33 6.60E-07
5400 | 11.30 | 2400.00 | 24.40 | 2000.00 | 17.50 | 1000.00 1.00 5.66E-07
7200 | 11.30 | 2400.00 | 24.10 | 2000.00 | 17.80 | 1000.00 1.00 5.66E-07
9000 11.30 | 2400.00 | 23.90 |2000.00 | 18.00 | 1000.00 1.00 3.78E-07
10800 | 11.30 | 2400.00 | 23.50 |2000.00 | 18.30 | 1000.00 1.33 6.61E-07
Average 6.13E-07




M3 4 uansdoyamsma k veaeduteduniaiie Tavldyanadey Falling Head -

Rising Tail #296131 1

53

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
He Hp He Hp He Hp

(sec) (cm) (cm) (cm) (cm) (cm) (cm) (celec) (cm/sec)

0 16.90 | 2400.00 | 26.20 | 2000.00 | 10.90 | 1000.00 - o
960 16.30 | 2400.00 | 25.90 | 2000.00 [ 11.10 | 1000.00 1.50 8.77E-07
2220 16.40 | 2400.00 | 25.70 | 2000.00 { 11.40 | 1000.00 0.67 6.69E-07
4140 | 16.40 | 2400.00 | 25.30 |2000.00 | 11.90 | 1000.00 0.80 7.90E-07
6300 | 16.50 | 2400.00 | 24.80 |2000.00 | 12.40 | 1000.00 1.00 7.81E-07
8100 | 16.50 | 2400.00 | 24.30 | 2000.00 | 12.80 | 1000.00 1.25 8.45E-07
9900 | 16.50 | 2400.00 | 23.90 | 2000.00 | 13.20 | 1000.00 1.00 | 7.51E-07
10800 | 16.50 | 2400.00 | 23.60 | 2000.00 | 13.30 | 1000.00 3.00 7.52E-07
7.81E-07

Average




M 05 uaasdeyamsvia k vesedumaiie lavldyanaaey Falling Head -

Rising Tail A106197 2

54

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
Hp He Hp He Hp
(sec) | He (cm) | (cm) (cm) (cm) (cm) (cm) (cc/ee) (cm/sec)
0 12.90 | 2400.00 | 23.20 | 2000.00 | 12.10 | 1000.00 - %

900 12.90 | 2400.00 | 23.00 | 2000.00 | 12.30 | 1000.00 1.00 7.52E-07
1800 | 12.90 | 2400.00 | 22.70 | 2000.00 | 12.70 | 1000.00 0.75 1.32E-06
2700 | 12.90 |2400.00 [ 22.50 | 2000.00 | 12.80 | 1000.00 2.00 5.64E-07
3600 | 12.90 | 2400.00 | 22.40 | 2000.00 | 12.90 | 1000.00 1.00 3.76E-07
4680 12.90 | 2400.00 | 22.30 | 2000.00 | 13.00 | 1000.00 1.00 3.14E-07
5400 | 12.90 | 2400.00 | 22.20 | 2000.00 | 13.10 | 1000.00 1.00 4.70E-07
6420 | 12.90 | 2400.00 | 22.10 200(:).00 13.20 | 1000.00 1.00 3.32E-07
8100 | 12.90 |2400.00 | 21.90 200(;).00 13.40 | 1000.00 1.00 4.03E-07
9000 | 12.90 | 2400.00 | 21.80 200(;).00 13.60 | 1000.00 0.50 5.65E-07

Average 5.66E-07




M3 0.6 uaasteyamInic k venjeaunaaide lavldyanaaey Falling Head -

Rising Tail 7298739 3

55

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
Hp He Hp He Hp

(sec) | He (cm) | (cm) (cm) (cm) (cm) (cm) (cclee) (cm/sec)

0 11.40 | 2400.00 | 29.80 | 2000.00 | 11.40 | 1000.00 = =
1200 | 11.40 | 2400.00 | 29.70 | 2000.00 | 11.50 | 1000.00 1.00 2.80E-07
2520 | 11.40 | 2400.00 | 29.60 | 2000.00 | 11.60 | 1000.00 1.00 2.54E-07
3720 | 11.40 | 2400.00 | 29.50 | 2000.00 | 11.70 | 1000.00 1.00 2.80E-07
4800 | 11.40 | 2400.00 | 29.40 | 2000.00 | 11.80 | 1000.00 1.00 3.11E-07
6000 | 11.40 | 2400.00 | 29.30 | 2000.00 | 11.90 | 1000.00 1.00 2.80E-07
7200 | 11.40 | 2400.00 | 29.20 | 2000.00 | 12.00 | 1000.00 1.00 2.80E-07
Average% 2.81E-07

|
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Ma 0.7 udaadeyaminia k veaeduthunaiy Tasldyananeu Falling Head - Rising

Tail §2987149% 1

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
Hp He Hp He Hp

(sec) | He (cm) | (cm) (cm) (cm) (em) (cm) (cclec) (cm/sec)

0 32.90 |2400.00 | 34.30 |2000.00 | 12.50 | 1000.00 = =
300 32.90 | 2400.00 | 33.50 | 2000.00 | 13.00 | 1000.00 1.60 7.25E-06
1800 | 32.90 |2400.00 | 31.00 |2000.00 [ 15.30 | 1000.00 1.09 5.37E-06
3600 | 32.90 |2400.00 | 28.20 |2000.00 | 18.40 | 1000.00 0.90 5.53E-06
7200 | 32.90 | 2400.00 | 22.40 | 2000.00 | 24.10 | 1000.00 1.02 5.44E-06
Average 5.90E-06
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M9 n.8 uaasdeyanania k vesteAuthuasy Tasldyanaaou Falling Head - Rising

Tail #298197 2

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
Hp He Hp He Hp

(sec) | He (cm) | (cm) (cm) (cm) (cm) (cm) (celee) (cm/sec)

0 17.10 | 2000.00 | 18.60 | 1600.00 | 17.30 | 1000.00 - -
720 | 17.10 |2000.00 | 18.20 | 1600.00 | 18.30 | 1000.00 0.40 5.53E-06
1980 | 17.10 |2000.00 | 17.10 | 1600.00 | 19.40 | 1000.00 1.00 4.98E-06
3600 | 17.10 | 2000.00 | 16.90 | 1600.00 | 20.80 | 1000.00 0.14 2.83E-06
5400 | 17.10 |2000.00 | 16.10 | 1600.00 | 22.10 | 1000.00 0.62 3.35E-06
Average 4.17E-06
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M3 09 uaAsteyansnim k veseRutihuady Tnv1dgAnarou Falling Head — Rising

Tail 298197 3

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
Hp He Hp He Hp
(sec) | He (cm) | (cm) (cm) (cm) (cm) (cm) (cc/ee) (cm/sec)
0 28.20 | 2200.00 | 22.60 | 2000.00 | 30.40 | 1000.00 - -

900 | 28.20 |2200.00 | 21.90 |2000.00 | 30.90 | 1000.00 1.40 2.30E-06
1800 | 28.20 |2200.00 | 21.40 | 2000.00 | 31.50 | 1000.00 0.83 2.11E-06
2700 | 28.20 |2200.00 | 20.90 | 2000.00 | 31.90 | 1000.00 1.25 1.73E-06
3600 | 28.20 | 2200.00 | 20.30 | 2000.00 | 32.40 | 1000.00 1.20 2.11E-06
4500 | 28.20 |2200.00 | 19.80 | 2000.00 | 32.80 | 1000.00 1.25 1.73E-06
5400 | 28.20 | 2200.00 | 19.40 | 2000.00 | 33.30 | 1000.00 0.80 1.73E-06
6000 | 28.20 |2200.00 | 19.20 |2000.00 | 33.50 | 1000.00 1.00 1.16E-06

1.84E-06

Average
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Ed
' 1 a ] .
M .10 udasdeyamsma k veteAuthuaeulman Tavldyanacey Falling Head -

Rising Tail f0E1e 1

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
He Hp He Hp He Hp
(sec) (cm) (cm) (cm) (cm) (cm) (cm) (cc/ec) (cm/sec)
0 13.00 | 3000.00 | 26.00 | 2600.00 | 13.00 | 250.00 - :
3600 | 13.00 | 3000.00 | 25.80 | 2600.00 | 13.20 | 250.00 1.00 8.04E-08
7200 | 13.00 | 3000.00 | 25.70 |2600.00 | 13.30 | 250.00 1.00 4.02E-08
10800 | 13.00 | 3000.00 | 25.50 260(}.-00 13.40 | 250.00 2.00 6.03E-08
Averagé 6.03E-08
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4
M3 N1l uaasdoyansmia k vesteduthuaeuliman Tavldyananeu Falling Head -

Rising Tail A7061991 2

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
He Hp He Hp He Hp
(sec) (cm) (cm) (cm) (cm) (cm) (cm) (cc/ce) (cm/sec)
0 32.90 | 2400.00 | 27.50 | 2000.00 [ 10.50 | 1000.00 - #
3720 | 32.90 | 2400.00 | 27.40 | 2000.00 | 10.60 | 1000.00 1.00 9.04E-08
7260 | 32.90 | 2400.00 | 27.30 | 2000.00 | 10.70 | 1000.00 1.00 9.50E-08
10860 | 32.90 |2400.00 | 27.20 |2000.00 | 10.80 | 1000.00 1.00 9.34E-08
Average 9.34E-08




ae 012 ueasdeyamame k vesjeauthuiniles Tasldyanacey Falling Head -

Rising Tail fe0d 1

61

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
Hp He Hp He Hp
(sec) | He (cm) | (cm) (cm) (cm) (cm) (cm) (celee) (cm/sec)
0 11.70 | 1400.00 | 36.80 | 1000.00 | 9.60 | 500.00 - -

960 11.70 | 1400.00 | 34.60 | 1000.00 | 11.80 | 500.00 1.00 1.49E-05
1920 | 11.60 | 1400.00 | 32.60 | 1000.00 | 13.70 | 500.00 1.05 1.33E-05
2700 | 11.70 | 1400.00 | 31.10 | 1000.00 | 15.20 | 500.00 1.00 1.27E-05
3600 | 11.70 | 1400.00 | 29.90 | 1000.00 | 16.70 | 500.00 0.80 9.97E-06
4500 | 11.70 | 1400.00 | 27.80 | 1000.00 | 18.50 | 500.00 1.17 1.45E-05
5400 | 11.70 | 1400.00 | 26.40 | 1000.00 [ 19.80 | 500.00 1.08 1.01E-05
6360 | 11.70 | 1400.00 | 24.70 | 1000.00 | 21.60 | 500.00 0.94 1.23E-05
7200 | 11.70 | 1400.00 | 23.40 IOOd.OO 22.80 | 500.00 1.08 1.01E-05
8100 | 11.70 | 1400.00 | 22.30 1006.00 23.90 | 500.00 1.00 8.37E-06
9000 | 11.70 | 1400.00 | 21.00 100@.00 25.10 | 500.00 1.08 9.55E-06

Averagr:: 1.16E-05

!



mae n.13 uaasdeyamavim k veseanthuuniles Tavldyananey Falling Head -

Rising Tail 72987199 2

62

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
He Hp He Hp He Hp

(sec) (cm) (cm) (cm) (cm) (cm) (cm) (cc/ee) (cm/sec)

0 17.30 | 1400.00 | 31.90 | 1000.00 | 9.50 | 500.00 . e
960 17.30 | 1400.00 [ 29.20 | 1000.00 { 12.10 | 500.00 1.04 1.82E-05
1800 | 17.30 | 1400.00 | 27.40 | 1000.00 | 14.00 | 500.00 0.95 1.46E-05
2700 | 17.30 | 1400.00 | 25.30 | 1000.00 | 16.10 | 500.00 1.00 1.56E-05
3600 17.30 | 1400.00 | 23.30 | 1000.00 | 18.10 | 500.00 1.00 1.50E-05
4500 | 17.30 | 1400.00 | 21.40 | 1000.00 | 20.10 | 500.00 0.95 1.47E-05
5520 17.30 | 1400.00 | 19.00 | 1000.00 | 22.20 | 500.00 1.14 1.51E-05
6300 | 17.30 | 1400.00 | 17.70 | 1000.00 | 23.50 | 500.00 1.00 1.15E-05
7560 | 17.30 | 1400.00 | 15.60 | 1000.00 | 25.80 | 500.00 0.91 1.21E-05
8160 | 17.30 | 1400.00 | 14.40 1006.00 26.60 | 500.00 1.50 1.17E-05
9000 | 17.30 | 1400.00 | 13.10 | 1000.00 | 28.10 | 500.00 0.87 1.17E-05
9900 17.30 | 1400.00 | 11.60 1006.00 29.60 | 500.00 1.00 1.18E-05
10800 | 17.30 | 1400.00 | 10.80 IOO(TJ.OO 30.90 | 500.00 0.62 8.29E-06
Average 1.34E-05




M9 n.14 uaasdeyamsma k vesjeauthuunileslasldgananey Falling Head -

Rising Tail f108190 3

63

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
He Hp He Hp He Hp
(sec) (cm) (cm) (cm) (cm) (cm) (cm) (cclec) (cm/sec)
0 17.30 | 1200.00 | 35.50 | 800.00 | 9.80 | 500.00 - -

900 17.30 | 1200.00 | 34.40 | 800.00 | 11.10 | 500.00 0.85 1.40E-05
1800 | 17.30 | 1200.00 | 33.30 | 800.00 | 12.40 | 500.00 0.85 1.42E-05
2700 | 17.30 | 1200.00 | 32.30 | 800.00 | 13.50 | 500.00 0.91 1.25E-05
3600 | 17.30 | 1200.00 | 31.30 | 800.00 | 14.50 | 500.00 1.00 1.20E-05
4500 | 17.30 | 1200.00 | 30.10 | 800.00 | 15.50 | 500.00 1.20 1.32E-05
5400 | 17.30 | 1200.00 | 29.30 | 800.00 | 16.50 | 500.00 0.80 1.09E-05
6300 | 17.30 | 1200.00 | 28.70 | 800.00 | 17.00 | 500.00 1.20 6.69E-06
7200 | 17.30 | 1200.00 | 27.90 | 800.00 | 17.70 | 500.00 1.14 9.16E-06
8100 | 17.30 | 1200.00 | 27.20 806.00 18.20 | 500.00 1.40 7.36E-06
9000 | 17.30 | 1200.00 | 26.50 | 800.00 [ 19.10 | 500.00 0.78 9.86E-06

10800 | 17.30 | 1200.00 | 22.80 SUd.OO 22.80 | 500.00 1.00 2.31E-05
Averagé 1.21E-05




M1319 N.15 LAAITEYANITHIAT k VOILUDAUNIALY LA Tnldganaaey Falling Head -

Rising Tail #2961 1

64

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
He Hp He Hp He Hp

(sec) (cm) (cm) (cm) (cm) (cm) (cm) (cclee) (cm/sec)

0 18.40 | 4000.00 | 24.40 | 3600.00 | 18.70 | 250.00 = =
3600 18.40 | 4000.00 | 24.10 | 3600.00 | 19.10 | 250.00 0.75 9.91E-08
5400 | 18.40 | 4000.00 | 23.90 |3600.00 | 19.30 | 250.00 1.00 1.13E-07
7260 18.40 | 4000.00 | 23.80 | 3600.00 | 19.40 | 250.00 1.00 5.48E-08
9000 18.40 | 4000.00 | 23.70 | 3600.00 | 19.50 | 250.00 1.00 5.86E-08
10800 | 18.40 | 4000.00 | 23.40 | 3600.00 | 19.70 | 250.00 1.50 1.42E-07
Average 9.34E-08




M N.16 LaAsTeyaMIMIA k vesieAumauas Tavlfyanadou Falling Head -

Rising Tail A200199 2

Time Cell Pressure Head Pressure Tail Pressure Qin/Qout k
Hp He Hp He Hp

(sec) | He (cm) | (cm) (em) (cm) (cm) (em) (cc/ce) (cm/sec)

0 19.60 | 4000.00 | 26.40 | 3600.00 | 7.20 250.00 2 -
1800 | 19.60 | 4000.00 | 26.20 | 3600.00 | 7.30 250.00 2.00 8.46E-08
3600 | 19.60 | 4000.00 | 26.10 | 3600.00 | 7.40 | 250.00 1.00 5.64E-08
5400 19.60 | 4000.00 | 26.00 | 3600.00 | 7.60 250.00 0.50 8.46E-08
7200 19.60 | 4000.00 | 25.90 | 3600.00 | 7.80 250.00 0.50 8.46E-08
9000 19.60 | 4000.00 | 25.60 | 3600.00 | 7.90 250.00 3.00 1.13E-07
Average 8.46E-08
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M3 017 uaasdeyamsma k vesteAuthuihnges TAUMINATOLILUAINAUALT]

waznuuANUAULLs/any @e6199 1

A " a 3/ M
Foveau i nyes
Fd
i minAunauda 160 gm | 1M 3600 sec
£l Fl
USanannui 1756 | % | findanugai (bl) 5936 | com
F [ v
Rudinihdadiedie | 9.62 | em’ | Andanugah (h2) 590.7 | cm
A
ny wisiminauly A
ANUPINIVYN 9.07 cm - 1.899 | gm/cm
BITUIIA
F-
Nunnthaa A . . . i
) 4.1 em’ | viwhminAuudia 1.615 | gm/em
waoaui
Fd Fl
USwnanirlvasen 11.89 | cc || waAszAuh 592.15 | cm
k Constant Head oy em/sec 5.259E-06
k Falling Head ey cm/sec 5.253E-06

M1 118 uaasdoyamsnial k vesveauthulnyes TAUMINAADVULUAIINAUAIN

uaziuuaNuAumlsalasu ¢?’1t151'1aﬁ 2

d'q 1 A k) ]
Forautulny0e
PninAUNOUDA 160 gm |1 3600 sec
) T ¥y
LIPS ET 17.71 % | fneaaugah (a1) 593 cm
v [ [] y
Mufinthdadaode | 9.62 | om’ || fndanugait (h2) 590.8 | cm
¥ ¥
o A viwimiinaulu .
ANUFIAIDYN 8.5 cm 4 1.834 | gm/cm
FITUYIA
J — 9 o
Wunniae " —e .
} 4.1 em’ | MdasimInAULNAY 1.558 | gm/cm
viasAun’
2 v
1Suailvasen 9.02 cc | wameszawn 591.9 em
k Constant Head finvaeily cnvsec 3.740E-06
k Falling Head Hveily cm/sec 3.736E-06




M3 n.19 uarastoyamsnial k veteautuay TasmInaaeUIUUANNAUAITIAL

wuuaNNauLsilasy dleg1en 1

A.!. 1T - 9 [
FouoAUTIUATY
F
HININAUNDUDA 160 g | 3600 sec
FJ Fl
Sy 1386 | % | findanugai (al) 932 | cm
3/ [ v
AunvihAaaede | 9.62 em’ | findanugai (h2) 85.8 cm
Ed

S wiimiinaulu :

ANUFINIBYN 8.92 cm 5 1.864 | g/cm
FITUTIA

.g -:i Y
WunniAa y . .

" 4.1 cm HUWHIHUNAULN 1.637 | g/em
HanALN?
= :’ | 1 a :J
Ysinanilvasen 30.34 ce HaR1952A LI 89.5 cm
k Constant Head ﬁwﬁamﬁu cm/sec 8.731E-05
k Falling Head fvaoduy em/sec 8.726E-05

M9 120 uaasdeyamsme k vesfeauthuasy Tasmsmadeunuuanudunsiag

suuauauulsilasy dreeen 2
|

'

A 1) = as
¥oroAuThuAsy
¥ |
vinAUNBUDA 160 g | tm 3600 sec
d ] [d
YSunannuiu 1386 | % || findaamguh () 943 | cm
g lil o s 1 ' Q oy
fufinhdadioie | 9.62 | om' | | Andamugail h2) 929 | em
i Ed

= mishmiinaulu .

ANUFIADYN 8.9 cm X 1.869 g/cm
' FITNIIA

B el i
WUNKTIAR ) — :

g 4.1 cm i vunAuURY | 1.641 | glem
naoAuN?
I e
YTunanirlvaeen 5.74 ce HAAIZALIN 93.6 cm
k Constant Head fnvaeilu cm/sec 1.576E-05
k Falling Head S em/sec 1.574E-05




ma n.21 naasdeyantsma k vesteauthuuiles TasmsnaneuuyuaWALAIN

waziuuanuausaou Aaegeil

A 1 a g
¥oroautuues
HvinAuNoUOA 160 gm | 1M 3600 sec
Y ¥
USmannuiu 1058 | % | Andanwgei (al) 948 | cm
3/ v E
Auiimihdadaode | 962 | em’ | Andadugai (h2) 86.9 cm
v
o wianiminauly :
ANUFIAIDYN 8.75 cm - 1.901 | gm/cm
FITUA
d‘., A; 9 a
NuNniaa , - . ;
Y 4.1 cm HUAWUIRUNAULN 1.719 | gm/cm
nasAun?
¥ Y
Ysunanirlnasen 32.39 ce HARSZAL 90.85 cm
k Constant Head Ty em/sec 9.008E-05
k Falling Head Tvaedu em/sec 9.003E-05

M3 022 udasteyamsma k veateAuthuniles Tasmsnadeuuuunuduasi

waziuuaNuauulsilasu ﬁ'qathaﬁ 2

Foreautumniles
£l }
HIMUNAUNDUDA 160 gm | M 3600 sec
= d%‘ I a d -4 !
YTy 10.57 % | Findanugeh (1) 94.6 cm
Fl ] f ¥
fufinhdadiede | 9.62 | em’ || Andanuguil (h2) 90.9 | cm
£
o nierimiinaulu .
ANVUFTINIDYUN 8.76 cm 4 1.893 | gm/cm
FITUIA
¢¥ =;. Y w
Wuhvihaa i e gL 3
Y 4.1 cm UUAWUINUNAULLTY 1.712 | gm/cm
vinoALd?
R T
YFunanirlnasen 15.17 ce WaR9IZADIN 92.75 cm
k Constant Head Hvoilu em/sec 4.137E-05
k Falling Head fvdedlu cnv/sec 4.133E-05




519 1.23 uaasdeyamIvia k vestoAuNIALTe TasMsNATOULULAIINAUAINLAY

upuaNusuLsalasy fegeh 1

d‘ T e =}
¥OUDAUNIALAD
3
iInAUNDUDA 160 gm | @ 3600 sec
F 3
YSinaanudu 2064 | % | findauge (hl) 1902 | cm
7 ] F
A Futhdasiee | 962 | cm’ | Andanugai (h2) 1900 cm
oo nuwimiinaulu 5
ANUFIAIDYN 8.49 cm N 1.959 | gm/ecm
FITHYIA
dsl’ = 9 o
NUNHTAR ) Y .
) 4.1 cm wlethmiinauuda | 1.624 | gm/em
NapALA?
= :’ 1 s :’
ISurani1 lviaeen 8.2 ce WaR95ZALN 1901 cm
k Constant Head ﬁﬂﬁ'wrﬂu cm/sec 1.057E-06
k Falling Head ﬁﬂﬁamﬂu cm/sec 1.056E-06

A1519 0.24 LAsTeyaNIIMIA k YesleRunIALde TagmsnagouIUUANUALAIILAY

puuanuauulsalasu daed1en 2

d'l 1 ln= =)
ForeaunIade
v
MinAUNIUDA 160 gm || a1 3600 sec
F Fi
YTnmanuiu 2064 | % || findaauge (bl) 1897.8 | cm
Fl ] 9
fufimidagiotn | 962 | em’ || dndanmguiii (h2) 1896.1 | em
4

oo niethmiinaulu ;

ANNGIAIBE 8.49 cm X 1.959 | gm/em
FITUTIA

;l) ~ 3 o
Nunnaa ) — N

) 4.1 cm wulethvinAuLe | 1.624 | gm/em
nanaln?

= :‘ 1 o ;J

YSinauirlvaeen 6.97 cc HaR195ZALN 1896.9 | cm
k Constant Head ﬁwmasﬂu cm/sec 9.008E-07
k Falling Head ey cm/sec 8.997E-07
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9
1 T a =) o
M1 N.25 uaadeyamMIVIA k vesteduthuasuiman Tagn1snAAoULUUANAY

ATz UUA NN ULl Feu Feenei 1

A 1 a 9 dy o
ForoautuasUlMan
El
milnauneuon 160 gm | 190 3600 sec
Fl i
SinunnuFuy 17.03 % | fndanugai () 101.8 | cm
¥ v ¥
Aufvnthdades | 962 | em’ | Andamugati (h2) 99.1 cm
Fi

Lo wiihmidnauly ,

ANUFIAIDYN 8.5 cm 5 1.957 | gm/cm
FITUTA

4‘( ~ 9
Nunnthan , . . . .

3 4.1 cm HUIYUIVUNAULN 1.672 | gm/cm
vanalA?

v Fl
Ysunanirlvasen 11.07 cc WAR19TZA LN 10045 | cm
k Constant Head Tty cm/sec 2.705E-05
k Falling Head Inueilu cm/sec 2.702E-05

g} 1 (DR ;’ < a
M1919 N.26 Llﬁﬂﬁﬂlﬂy’ﬁﬂ”ﬁWWﬂT k U99U9AUUTHADUULWAN Tﬂﬂﬂ]ﬁﬂﬂﬂﬂﬂllﬂﬁﬂ?'ﬁlﬂu

asTazuuuaNNSuN s1laeY ddegei 2

A 1o s) dy <
FoipAUTNUABUIMAN

v :

MnNAUNBUDA 160 gm | 128" 3600 sec
9 9
YSinannuiu 1703 | % || findanugeti (al) 101.7 | com
7 ] Fl
fufimihdadedn | 962 | om’ | fndanmugai (b2) 999 | cm
E
oo wiwtimiinaulu .
ANUFIAIDIN 8.5 cm b 1.957 | gm/cm
FITUBA

d’.‘ a 9 a

nunnThda ) Al .
) 4.1 om wuasi ALY | 1.672 | gm/em

nasaLA?

" e
YSinanirlvasen 7.38 ce WARI95ZAVNN 100.8 cm
k Constant Head fivaeilu co/sec 1.797E-05

| K Falling Head ey cm/sec 1.795E-05




M N.27 UAAITEYANITHIAT k VBILDAUNIAN LAY TAEMINATOULUVAIINAUAIN

wazuuuaMusuulsulasy dreei 1

FOUBAUN AV UAY

Y
inaUnouDA 160 gm |t 3600 sec
v v
YSuuanuiuy 13.6 % | findanuged () 28007 | em
3 ] v
fufimhdadietne | 962 | om’ | Andnawguh (h2) 27994 | cm
v
A wiheimiinaulu .
ANUFIAIVUN 8.4 cm a 1.980 | gm/cm
FITUTA
d’lJ d' 9 w
Aunnida " L. :
3 4.1 cm nudimiinAuue | 1.743 | gm/em
WanaAlA?
[ Fd
Usuai lvasen 5.33 ce WAAeTZALN 2800.05 | cm
k Constant Head Invaed cm/sec 4.617E-07
k Falling Head fividaedly em/sec 4.612E-07

M9 N.28 LAAIUBYDNITNIAL k YOI

1 a

UIAUNIAVILLR

!

wazuyuaNuauLlsasu f'aathaﬁ 2

1 TaonNsNAFoLLLLANNAUALA

A 1 a
ForUeAUNIAUILAY
¥ 3
IMNAUNOUDA 160 gm | 3@ 3600 sec
3 | =
USinannudu 136 | % || fdanugah (h) 28008 | cm
7 ] ¥ v
wufimhdadetns | 9.62 | om’ || dndnnugail (h2) 2799.5 | cm
5 (' 5

e vihnihminaulu :

ANUTINIDUN 8.31 cm A 2.001 | gm/cm
' FITUA

d¥ oﬂ. Y w
wunnihaa " — -

3 4.1 cm HUWUIHUNAULN 1.761 | gm/cm
napAun?
S T,
USurairlnasen 5.33 cc WAR19IZALIN 2800.15 | cm
k Constant Head oy cm/sec 4.567E-07
k Falling Head Tty cm/sec 4.562E-07
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SIEVE ANALYSIS
Percent of Percent of
Weight Sample | Weight Sample
Sieve Number Cumulative Finner or
, (gm) Retained, (%)
Retained, (%) Passing, (%)
ar 0.0 0.00 0.00 100.00
i 0.0 0.00 0.00 100.00
3/8" 319.4 21.29 21.29 78.71
No. 4 2214 14.76 36.06 63.94
No. 10 228.5 15.23 51.29 48.71
No. 40 246.9 16.46 67.75 32.25
No. 200 80.3 5.35 73.10 26.90
pan 403.5 26.90 100.00 5
1,500.0
9 \\ .

80

70

60

50

40

30

Percent Finer by Weight, %

20

10

10.000

1.000

0.100

Diameter, mm

0.010

73




M 12 TeyamanaseumuanazyessauThiumIAde

SIEVE ANALYSIS
Percent of Percent of
Weight Sample | Weight Sample
Sieve Number Cumulative Finner or
, (gm) Retained, (%)
Retained, (%) Passing, (%)
ar 0.0 0.00 0.00 100.00
1 0.0 0.00 0.00 100.00
3/8" 140.8 9.38 9.38 90.62
No. 4 1314 8.76 18.14 81.86
No. 10 105.4 7.03 25.17 74.83
No. 40 92.4 6.16 31.33 68.67
No. 200 535 357 34.89 65.11
pan 976.6 65.11 100.00 -
1,500.0 |
i
100 'S & \ ” i
90 > q '
80 !
| ey
f s____...

70

60

50

40

30

Percent Finer by Weight, %

20

10

10.000

1.000
Diameter, mm

0.100

0.010
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SIEVE ANALYSIS
Percent of Percent of
Weight Sample | Weight Sample
Sieve Number Cumulative Finner or
, (gm) Retained, (%)
Retained, (%) Passing, (%)
2 0.0 0.00 0.00 100.00
I 0.0 0.00 0.00 100.00
3/8" 184.2 12.28 12.28 8172
No. 4 105.3 7.02 19.30 80.70
No. 10 113.6 TN 26.87 73.13
No. 40 144.1 9.61 36.48 63.52
No. 200 97.6 6.50 42.98 57.02
pan 855.3 5702 100.00 -
1,500.0
100 'S - i
90 \,., |
80 M~ ""'--;
70 :‘ ~<
60 ! e
- e

50

40

30

Percent Finer by Weight, %

20

10.000

1.000
Diameter, mm

0.100

0.010
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M3 w4 ToyansmageumvAnazyesieAuthuaeulman

SIEVE ANALYSIS
Percent of Percent of
Weight Sample | Weight Sample
Sieve Number Cumulative Finner or
, (gm) Retained, (%)
Retained, (%) Passing, (%)
2" 0.0 0.00 0.00 100.00
I 0.0 0.00 0.00 100.00
3/8" 10.3 0.68 0.68 99.32
No. 4 29.1 1.94 2.63 97.37
No. 10 220.4 - 14.69 17.32 82.68
No. 40 297.5 1 19.83 37.15 62.85
No. 200 91.5 6.10 43.25 56.75
pan 851.3 56.75 100.00 -
1,500.0
100 ’ ;
90
80 ‘t»\
\N
: 70
6‘_ N~
5 60 a
z
3‘ 50
i‘g 40
E
E 20
10
0
10.000 1.000 0.100 0.010

Diameter, mm
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SIEVE ANALYSIS
Percent of Percent of
Weight Sample | Weight Sample
Sieve Number Cumulative Finner or
, (gm) Retained, (%)
Retained, (%) Passing, (%)
2" 0.0 0.00 0.00 100.00
1" 0.0 0.00 0.00 100.00
3/8" 0.0 0.00 0.00 100.00
No. 4 24.5 1:63 1.63 98.37
No. 10 269.4 17.96 19.59 80.41
No. 40 661.2 - 44.08 63.67 36.33
No. 200 153.5 10.23 73.90 26.10
pan 391.4 12610 100.00 .
1,500.0
100 @ i
920
N
80 \
\. 70 - \\
) \\
; 50 ™
z \
E 40 N
£ ’\...L
s 30 N
~ 20
10
0

1.000
Diameter, mm

0.100

0.010
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SIEVE ANALYSIS
Percent of Percent of
Weight Sample | Weight Sample
Sieve Number Cumulative Finner or
, (gm) Retained, (%)
Retained, (%) Passing, (%)
o 0.0 0.00 0.00 100.00
1" 6.0 0.40 0.40 99.60
3/8" 292.9 19.53 19.93 80.07
No. 4 145.9 9.73 29.65 70.35
No. 10 176:5 110G 41.42 58.58
No. 40 193.4 12.90 54.32 45.68
No. 200 40.0 2.67 56.98 43.02
pan 645.3 43.02 100.00 -
1,500.0
100 ’ .\
90 \\
80 \
70 N
N

60 ~

50 a

40

Percent Finer by Weight, %

30

20

10.000 1.000 0.100 0.010

Diameter, mm
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Water Content Natural water
Liquid Limit, LL Plastic Limit, PL
Determination content, W,

Container Number 1 2 3 1 1 2 3
Wet soil + container,gm | 30.27 | 33.48 | 32.25 30.21 20.95 | 22.89 | 20.10
Dry soil + container,gm | 26.82 | 29.47 | 28.90 30.07 20.23 | 21.76 | 19.63
Water, gm | 345 | 401 | 3.35 0.14 0.72 | 1.13 | 047
Container, gm | 1692 | 17.03 | 16.58 17.42 17.34 | 16.76 | 16.61
Dry soil, gm | 9.90 | 12.44 | 12.32 12.65 2.89 | 5.00 | 3.02
Water content, % | 34.85 | 32.23 | 27.19 AN 2491 | 22.60 | 15.56
Number of blows 30 36 | 66

1.11 21.03
Average, % 31.42
Liquid limit 35.30
Plasticity Index, P1=
LL-PL 1427
E
40.00 ‘
35.00 i
30.00 ﬁ\
X 25.00 , I d
'g 20.00 ’
§ 15.00
10.00
5.00
0.00

No. of blows, N
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Water Content Natural water
Liquid Limit, LL Plastic Limit, PL
Determination content, W,

Container Number 1 2 3 1 1 2 3
Wet soil + container,gm | 36.48 | 30.22 | 35.36 55.04 20.49 | 18.17 | 18.23
Dry soil + container,gm | 30.83 | 26.35 | 29.54 54.62 20.20 | 18.04 | 17.94
Water, gm | 5.65 | 3.87 5.82 0.42 0.29 0.13 | 0.29
Container, gm | 16.91 | 17.02 | 16.58 16.48 16.48 | 16.81 | 16.71
Dry soil, gm | 13.92 | 9.33 | 12.96 38.14 3.72 1.23 1.23
Water content, % | 40.59 | 41.48 | 44.91 1.10 7.80 | 10.57 | 23.58
Number of blows 39 27 15

1.10 13.98
Average, % 42.33
Liquid limit 41.82
Plasticity Index, PI=
27.84
LL-PL
46.00
45.00 1;
N\,
. 44.00
b
£ 43.00 N\
AN
2 42.00 \\
41.00
40.00 L

No. of blows, N

100
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‘Water Content Natural water
Liquid Limit, LL Plastic Limit, PL
Determination content, W,

Container Number 1 2 3 1 1 2 3
Wet soil + container,gm | 33.45 | 30.34 | 27.94 55.44 20.78 | 19.76 | 20.17
Dry soil + container,gm | 29.48 | 26.97 25.16 54.96 19.86 | 19.20 | 19.26
Water, gm | 3.97 3.37 | 2.78 0.48 0.92 | 0.56 | 091
Container, gm | 17.59 | 17.21 | 1741 16.68 16.67 | 16.80 | 16.70
Dry soil, gm | 11.89 | 9.76 | 7.75 38.28 3.19 | 240 | 2.56
Water content, % | 33.39 | 34.53 | 35.87 1.25 28.84 | 23.33 | 35.55
Number of blows 45 Al 21

125 29.24
Average, % 34.60
Liquid limit 35.25
Plasticity Index, PI =
6.01
LL-PL
36.00 :
=N
s \\
%f 34.50
= 34,00 \
250 AN
3.5 >
33.00
10 No. of blows, N 100
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Water Content Natural water
Liquid Limit, LL Plastic Limit, PL
Determination content, W,

Container Number 1 2 3 1 1 2 3
Wet soil + container,gm | 28.25 | 30.39 | 25.56 48.01 19.85 | 20.17 | 20.38
Dry soil + container,gm | 24.87 | 26.39 | 23.07 44.00 19.20 | 19.45 | 19.54
Water, gm | 3.38 | 4.00 2.49 4,01 0.65 0.72 | 0.84
Container, gm | 17.07 | 17.28 | 17.47 11.78 17.06 | 17.57 | 17.24
Dry soil, gm | 7.80 | 9.11 5.60 32.22 2.14 1.88 | 2.30
Water content, % | 43.33 | 43.91 | 4446 12.45 30.37 | 38.30 | 36.52
Number of blows 37 21 17

1245 35.06
Average, % 43.90
Liquid limit 43.60
Plasticity Index, PI=

8.54

LL-PL

|

|

45.00 :

44.50

Water content, %
S
8

43.50

43.00

~

10

No. of blows, N
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Water Content Natural water
Liquid Limit, LL Plastic Limit, PL
Determination content, w,

Container Number 1 2 3 1 1 2 3
Wet soil + container,gm | 28.90 | 31.28 | 33.31 96.79 23.21 | 21.08 | 17.96
Dry soil + container,gm | 27.01 | 27.97 | 29.30 94.34 22.13 | 20.39 | 16.74
Water, gm| 1.89 | 331 | 4.01 2.45 1.08 | 0.69 1.22
Container, gm | 17.34 | 17.38 | 17.60 17.42 17.32 | 1766 | 12.11
Dry soil, gm | 9.67 | 10.59 | 11.70 76.92 4.81 273 | 4.63
Water content, % | 19.54 | 31.26 | 34.27 3.19 2245 | 25.27 | 26.35
Number of blows 57 37 18

3.19 24.69
Average, % 28.36
Liquid limit 34.00
Plasticity Index, PI=
9.31
LL-PL
l
40.00 )
35.00
30.00
£ 25.00 :
g e
£ 2000
£ 15.00
10.00
5.00
0.00

10

No. of blows, N

100
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Water Content Natural water
Liquid Limit, LL Plastic Limit, PL
Determination content, W,

Container Number 1 2 3 1 1 2 3
Wet soil + container,gm | 36.98 | 38.00 | 43.66 58.36 17.85 | 22.79 | 25.01
Dry soil + container,gm | 32.82 | 33.48 | 37.89 57.39 17.05 | 21.80 | 24.14
Water, gm | 4.16 | 4.52 | 5.77 0.97 0.80 | 0.99 | 0.87
Container, gm | 17.88 | 17.41 | 17.77 20.63 13.68 | 17.64 | 20.60
Dry soil, gm | 14.94 | 16.07 | 20.12 36.76 3.37 | 4.16 | 3.54
Water content, % | 27.84 | 28.13 | 28.68 2.64 23.74 | 23.80 | 24.58
Number of blows 37 28 23

2.64 24.04
Average, % 28.22
Liquid limit 28.50
Plasticity Index, PI=
4.46
LL-PL
29.00
_ 2850 .\
-4
El
2 28.00 ‘\.
27.50

10

No. of blows, N

100
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UoAY
Joya N9 & .| #ou
1thnwes | wasy | » 4 willes | wwas
1o Unan

Flask., gm 141.86 | 157.25 147.85 145.47 145.97 144.53
Flask+ Water, gm | 639.31 | 654.42 644.98 643.05 642.37 642.11
Flask+ Water+Soil, gm | 670.67 | 685.68 676.68 673.26 673.26 | 673.46
Weight of Dry Soil,gm 48.97 49.89 49.78 48.5 49.4 49.15
Specific Gravity of

° 0.99671 | 0.99671 | 0.99671 | 0.99671 | 0.99671 | 0.99671
Water at 27 C
Specific Gravity of Soil | 2.777 2.719 2.749 2.648 2.665 2751
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Design and Construct
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Falling Head — Rising Tail Testing Apparatus
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Unnaee Abstract
¥ I
msanuiifuniseenuvunazadnyanagey ionil This study is the design and constructs the apparatus for testing the

Fudszanimssurvonhluy dafiaawddyediataluns | coefficients of soil permeability which are important for designing dams,
ponuUou o Yodanauves vednfiuih awouada YARY | streets, landfills, water retention ponds, compaction work, excavation
gluadt funeiudu uaziadosnmwanuaiadu afu 3918¥1015 | work, tunnels, retaining walls and slope stability. Thus, the design and
ponUUVUAZET mjmqmm-umﬁ'mw'muuumwﬂ”uuﬂﬂﬂ%ﬂuﬁ' 2 construction of the permeability testing apparatus on Falling Head-Rising
#he iites1aeen1sFuduve i luau Tavn15iddodoouoaya  Tail used for simulating the soil permeability was proposed herein by
nATOUNYUAMNAUALT tazAuFuulsalAoum)fuud %wn | correcting the shortcomings of the Constant Head and Variable Head
vmfmuﬁ’mmsmlﬁ{lmﬂmﬁ'lﬁﬂﬁumiﬂﬂﬁﬂmmnmmﬁ'umﬁ Waz  (Falling Head) testing apparatus (conventional methods). The proposed

anusunlsndou Tasawnsosassan maudie613141ndiReady | apparatus can simulate the in situ soil state before soil sampling and can

anmlusssumnAatsanouiudiecg LAY HNTOATIVAOUMIBUMT | check the saturation of the samples as same as the tri-axial testing
wea10t1e 1T uREITUMINATBUITIBATININY LAIFADYSTY  apparatus does. The wall around the soil samples is flexible and can
fretharfuupumiseu detduiiussyeglusadanisolh | reduce the leakage of the fluid between the soil sample and the wall. The
wismulaoseuanta1d Suihdmingaduunainduiu Yeadu ; results of the study indicate that the coefficients of permeability of

" ¥ o ' Pealt 1 3
mssuavenimadmdreld vldkanisnaaeun15FuAIUYDS | Falling Head-Rising Tail testing apparatus are less than those of the

Frluauit 18 n AR setusulusssuand nansAny N1 AR 19N | conventional methods, corresponding to the hypothesis that was set up to
agmrmﬂauuuummﬁuuﬂs:ﬂ%uuﬁ’:ﬁ’w fiddulszAnin1saud1 | solve the problems. The Falling Head-Rising Tail testing apparatus can
ﬁﬁnun’hfhﬁuﬂﬁzﬁnéwwnmﬁa‘uuuumwﬁ'uﬂn"l WAZAUAY | reduce the testing time, increasing the pressure to be higher. This allows
ulsldou %u‘i‘]u"lﬂmuﬁuqﬁmuﬁ'lﬁ'ﬁmuﬂ"l‘ftﬁauﬁﬂtymﬁtﬁﬂ the apparatus to be used for the soils with very low coefficient of
FuumImagoULUANLAURT tazAAuIs Ao wenmIntl permeability. Therefore, the Falling Head-Rising Tail testing apparatus
faunsoaana lumsnageualedeau uamﬁunnﬁ'u'lﬁqaﬁu i proposed herein can be really used for determining the coefficients of soil
wavi I unso ldnaneuRuAuiiifinsFukudn 148 dnfuga permeability.
nagoufiadsuniannsmi S unsmadulszan msdu , o . DRI
. " Keywords: coefficient of permeability, Falling Head — Rising Tail,
R 103 Constant Head, Variable Head
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31/l 2 msnAAOY Falling Head

k=£1n
At

b
h

] " £ H
a0 ke masduriveaihludu, O fie Yinasilnasensin

(2

fretnalusianar z Tas Q = a (h-hy), L Ao anuenivesdiedn
fu, 4 Ao Mufimhannumaeth, 2, fio anugavesszairluuaen
Stand Pipe Sannszauhdunnesnneusunal ¢ (neunaaew), h;
flo quwms:w’mﬁw"lunaan Stand Pipe Fannszaunidunisonn
wFandua £ (udmago), a Ao nuimidavpMaos Stand
Pipe Tavawisofwamnna a = Q/(h-hy) uaz t fio naiiia
inasi lnasennnde619@y MINATOULVY Falling Head a2 i
najiinez 1naeuduauiiim koondt 10” emisec [1], [3-4] :
-

a v o & a & |
FamduszAnt msFuruvesdu Taonag Tawsouaaslu
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MTNN 1

- v e a & \ a a1
M9 1 mdulszansmsduriuvesdusiiaaig [5-7]
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o sy aninduhu ), |
¥iinveIAU ; :
cm/sec

Medium to Coarse Gravel Greater than 10™
Coarse to Fine Sand 10" to 10°
Fine Sand, Silty Sand 10% to 10°
silt, Clayey Silt, Silty Clay 10*to 10°
Clays 10”7 or less

2.2 YANAAOY Falling Head — Rising Tail
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1 3 gunsaflsznevyANAmeY Falling Head - Rising Tail

Tav1 fe mauthemadenniuan (Ai), 2 Ae Ndaudla - Ta
(Valve), 3 fn madwonhdenndadundeia (Water), 4 fie @2
muquuwn"u'ﬁﬁmﬁ (Regulator), 5 A0 IN9IALTIAU (Pressure Gauge),
6 Ao naeAUARITAIUIATIN (Twin Burette) #3® Ma0A Stand Pipe, 7
a0 [FUMIAUYEN (Water Line), 8 79 (AUMAIAUYDI0INA (Air

Line) Iiag 9 A0 (¥AAVTTAIDLI (Tri-axial Cell)

HooATd 113 LI DUAIBNA (Cell Pressure), Stand Pipe
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\ HaeAAT HUTIAUNNING (Tail Pressure), Stand Pipe
MOOATS MUTIRUNIN (Head Pressure), Stand Pipe

Uil 4 Aumisvesvaoaadusaduvosyanaaey

Falling Head — Rising Tail

(hP )in (h}’ )ceﬂ (hP )om‘
e Cel
Qip el
= (hE )r:eﬂ'

(hg)in
l

it s dnlslunsdaussAuvesyanadou Falling Head - Rising Tail
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Ui 6 veruiwadyTI9A206 (Tri-axial Cell))

TAo 1 Aip U59AUTOUAIBEN (Cell Pressure), 2 iD AUNFU (Porous
Stone), 3 A0 aonu1a  (Rubber Membrane), 4 AiD Wseudang1e

| (Water), 5 i U159AUNNTY (Tail Pressure), 6 A0 §IUANIAIDE1
| (Top Cap), 7 1D 01979UMIU (O-Ring), 8 D NTZAIUNTOI (Filter
Paper), 9 b AUAI0619 (Soil Sample), 10 D UTIAUNIINY (Head

Pressure) Lia2 11 i §1U589A288N (Bottom Cap)

311 8 yANANOY Falling Head — Rising Tail wawmInMsaia

o ™ - q o o 1 e o £ "
dmsvaunsilddamsunsennamdulszansnsduinmes
111 1uAuLYY Falling Head — Rising Tail HuIAUUANAINNAUNS

. & 4
494 Constant Head 118 Falling Head e nsauaaslaluaunsi (3)

TS

1t 10 Tuau (Air Pump) dmiuadraussdunadoy

k = Ain aaurL lIl(éh—]—) 3)
A (tZ _tl) (ain . aom) A}b

Ahy = [(hp: +hp);, — (kg +hp )aur] at fy )

Ahl e [(hE +hP )r'n _(hE + hP)aur:l at tl (5)

4 ] fa a y o
Tau k fin AxmsFuruvei1luAy (Coefficient of Permeability,

Hydraulic Conductivity), Ap 10 Pressure Head, hg f19 Elevation Head,
X 4 o H

@y 7D NuANTIAAYOIMABA Stand Pipe ¥8IUY1 (Head Pressure),
F o H .

Aow fio fiufinihAaveavaen Stand Pipe Y84U1901 (Tail Pressure), A

a X d v oo o " a A o N &

1D WUNHUIAAUDIAIDUIIAY, L A9 aANue1voanngNa, §; Ao

NS UNATBY LAE £, AB NAIMAIMATDY
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2.3 YUABNMINAAOU Falling Head — Rising Tail

& -
2.3.1 TuauMsIATINYANATOY

o w 1 a & a Y v s - ¥ a
1. thetnauiwson Budrussylusaamuunuinsesnloiiu
wyu nzAnses Tdlasnnafusededu Sadasnoaiudiedie
v v ¥l o= /q 3 1 9y o 3ayd
Froenumunuiidu Jamad Winiuudadnn ey
2. fimsAemeNUIS 1AL (a0 PU) induaudiiuusaniugy
UsIAY
a ¥ 9 ] Y g
3. IAYUNYIHADATI1NITIAY Head Pressure, Tail Pressure L@

Cell Pressure ¥ 1AszfunuABINS

1802



4. Viummuauusssuliiluguinnraeaaiousedu niew

hagoy
2.3.2 YUABUMSNAAOY Falling Head — Rising Tail
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Thitlwaidametuezdeanintuluinsveaii Inasenvindasdne
Q,=Q,)
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Hveniludu
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6. Fuviinsnaweu Tasn1317uTinA1 Head Pressure, Tail Pressure
1A Cell Pressure 81U5ZMNNITUAL1UMA0A Stand Pipe YDINAOA
Head Pressure, Tail Pressure (1 Cell Pressure ua:ﬁ'nnmﬁ‘uﬁ’u lﬂﬂ
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3. WanInaaou

MAIINONUVVLAZ AT IYANAOUN IS FUAIUIVY Falling Head
_ Rising Tail 1&hnsnaaeumslfauveaniesiie Tasins
nageufuAuiaazBoaiiuanaiaiy $1uau 6 #avd1e nFeuduih
ANSNAFOUNITBUMIULUY Constant Head UQZ Falling Head i
Weuieunanisnageus k luudazdinismadoy 3aldnan1s
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NAADY Al

e

P a o
3.1 f}ﬂliﬂlﬂﬂﬂﬂj‘?ﬂ'ﬂ'ﬂJﬁuﬁ?ﬂﬂ’iiﬂﬂﬂ'ﬂﬂ

z T ;
quauvAnugvasAudteduilimaaeum k Tagldya

VAL Falling Head — Rising Tail ttaaalumsad 2
- o 0 - A ' °
Mseseumtd M unsnageuiiemIA1 k aiimsiaion
#r06198ulunAYAAI8811 (Sample) Tnemsuadaduluudazyiia
w [ A 4« ° o Y o
Fretnlaeldanusuiimidy uazihnisuasalaoms ldwasamiu

o Al 1w Py o ' ' H o a ¥ -
msuasan ldminy e 1 a1 minduua nseany

| yuuniuvesdundaiiuanaaiu e Idgnisnidsuulases &

AUANHRZYRIRIIM L uYeRY Tasiimsuasadledeaulag
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M3 2 ﬂmﬁuu‘ﬁdugmumﬁuﬁmth

Sample | Sample | Sample | Sample | Sample | Sample
Soil Properties
1 2 3 4 5 6
Liquid limit
41.82 3525 43,60 35.30 34.00 28.50
(LL)
Plasticity
27.84 6.01 8.54 14.27 931 4.46
Index (PI)
Specific
27 2.665 2749 2719 2.757 2.648
Gravity (Gg)
% Finer (%) 65.11 57.02 56.75 26.90 26.10 43.02
Type of Soil CL ML ML sSC SM SM

T CL fio Auniloafiianumilead, ML fie Aunswuilaiill
aumileady, SC Ao Aunsiodudumilos uaz sM fis Aunsieu

aunsiouila

3.2 wamsnaaousA1 k VINYANAAOY Falling Head - Rising Tail it}

yaAnAaBY Constant Head 10 Falling Head

SInHANsANEIvBIRuAIBt N A1 k A 1dnnsnaaeiuy
Constant Head (CH) #a¢ Falling Head (FH) fiin1ndifivaru Fabu 99
voulfsudoum k #1dennsnaaouTasldganaceunuy Falling
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