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Summary

This study was made to invastigate various engineering properties of earth
materials resulting from their changes in density and moisture content.
The results obtained in this study are summarized as follows:

1, The finner the grain size is, the bigger the Optimum Moisture Content(OMC)
is, showing a linear relationship between percent passing of NO. 200 Sieve (n)
and OMC(Wo) which can be represented by the equation

Wo=0,186n+8,3

2. There is a linear relationship of inverse proportion between OMC and Maximum

Dry Density (MDD) which can be represented by the equation
T4=2,167—0, 026Wo v

3, There is an exponential curve relationship between void ratio (es) and MDD

whose equation can be expressed
T4=2, 67e—0, 455<es (0, 4<es>0,9),
indicating that as MDD increases, void ratio decreases.

4, The coefficent of permeability increases in proportion to decrease of the MDD
and this increase trend is more obvious in coarse material than in fine material,
and more obvious in cohesionless soil than in cohesive soil.

'5. Even in the same density, the coefficient of permeability is smaller in wet than
in dry from the Optimum Moisture Content.

6, Showing that unconfined compressive strength increases . in proportion to dry
density increase, in unsaturated state the compacted in dry has bigger strength
value than the compacted in wet. On the other hand, in saturated state, the
compacted in dry has a trend to be smaller than the compacted in wet.

7. Even in the same density, unconfined compressive strength increases in propo-
rtion to cohesion, however, when in small density and in saturated state, this
relationship are rejected.

8. In unsaturated state, cohesion force is bigger in dry than in wet from OMC. In
saturated state, on the other hand, it is directly proportional to density.

9, Cohesion force decreases in proportion to compaction rate decrease, And this
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trend is more evident in coarse matorial than in fine material.

10, ' Internal friction angle of soil is not influenced evidently on the changes of

moisture content and compaction rate in unsaturated state, On the other hand in

eaturated state it is influenced density.

11. Cohesion force is directly proportional to unconfined compressive strength (qu),

indicating that it has approximately 35 percent of -qu in unsaturated state and

approximately 70 percent of qu in saturated state.
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17 7| 4,62X10798,10x 1077 2,72X 10~ 4,20 10~7] 7,37 X 10~ 6. 6X 10~ 2,17 X 10-4 8,36 x 10-*
18 sC 1.9%10~% 2.3x10-% 2.2x10~7 4,3x10-" 4.0x10-° 1.7x10‘°i 8.0><10—°i 6. 0% 10-¢
19 " 5,33 10~4/1,02 10-% 1,06 10~7) 3,60 10~7 1,57 x 10~ 3,31 x 10~ 734107 13110
20 " 1_65)(10“ 2.55% 10" 6,56 x10-82.45%x10-| 7.7 x 10" 2.8x10"l S-SSX]C—Tl 7.05%10-7
21 SM 4,3%10-3 3,8x%x10-¢ 3.8x107" 1.4x10-% 7,5%x10-% 2,5x 10~ 2.2><10"‘J* v1.7><10-‘
22 " 6,86 10~ 1_30x10_-° 1171077217 10" 2,70)(10"7' 3,50x 10~ 9;38)(10‘1| 1,48 x10-¢
23 " 4.75%10-%12,13x 1075 5,16 10— 4 92 10-%) 6,05 x 10-%, 1, 40 x 10~* 3.18x10-‘j 6,93x10-8
24 " 7.46x10-% 4 73 % 102 4,37 X 10-9 3,68 x 10-4 7.05% 10-* 8,84 % 10~ 1:90x 10-5 '3 67 » 10~
25 " 4,28x10-8 2 32 10-% 1,26 10-% 1 68 x 10-* 2_05><1o-s{ 1,20 10-% 6,82 10-% 304 10-+

cm® o] I BRANIRAEN A 0.20~1, okg/cm® @E
2 B s 2o Erh ‘

Bl BE se2fEfn do24 —HEM BEe X
B 1/32 EAHE A &+ A

0h. ZHER %5

SHIERS RBA BREI D BEEES —#
EwEREA o 2o,

SHRRS FEE FEKRRU-U Tes) 2 @A
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4 TRy fEEC BT WA

of, BAEEY JEHAMRE 4= BENCE 0.4

~1,2kg/cm® HiEe] 1 FAFRAES A 0.2~0.6k

g/cm® @E= keg 1/22 JHA= sl el
WIEBEEEFREI(tame) = FEERFIRARN 4 0,3~0.75

R 2 o} SHFIRAEN A 0.15~0.6 HEZ B =

9 =t ‘
FRKE ZHEmR A8 BRe X6, & 79

ido : ‘

V. SR % 28

1. #5+#F(0.005mm)e| SHE LU 200

#x1(0, 074mm) FH:B R BFE k2t

2| BAfR
&9 e BEe =Xe EREb Y EEY
AL akield ol F9 R =hebA B,
A AR A RESFTERNA RE HERT &

ENREES

18

A4 4l (%)

-5 = era(Q,) AlEHENE w4 : (kg/em*)
27 o= % 4 o = % 4 @ .
‘],i‘ﬁae W, | @, | w,+
g w,,-4|w,,-2|(mo)]wo+2 wit4| 97 | 94| 91 fodlor?] o0y [0ot2 [y 97| 94 | o
No.ilcL | 23 23 22 1.4 o.8717]1.4 1.20.15io.21 0.33 0.25]0.190.2¢| 0.18] 0.12
2 | w | 29 25 1.9 12| 0.431.51.31.20.260.34 0.4 0.370.300.27 0.180.12
3| w | 426 4.39 264 1.58 1.251.831.621.800.16:0.25 0.30] 0.21[0.150.26 0.14{ 0.18
4 | wo| 1on 2,50 2.95 1.82 0.341.911.751.680.300.65 0.85 0.500.400. 16 0.037) 0.03
5 | w | 5.28 4.64] 2.80 2.03 0.90[2. 902. 92]1. 96{0.480. 59 1.50! 0.47]0.36{0.35 0.3¢ 0.12
< 6 | ML | 1700 2.3 2.6 17| 0.6 1.4 1.1)0.660.170.19 0.24) 0.200.170.18 0.13] 0.083
7| w | 23 28 1.7 13 0.7 1.51.30.800.170.24 0.33 0.180.120.19 0.12| 0.067
8| w | 170 1.93 2.04 0.99 0.780.710.39(0.3800.751.50 2.07, 1.380.800.88 0.69| 0.50
9 1w | 263 2.92 2.54 1.94] 1.181.66[1.20]1.0700.100.17| 0.20 0.120.150.05 0.05| 005
10w | 1.5 1420 0.82  —| 0.930.990.620.39] — —| 0.12] —0.190.09 0.07 0.05
N s | 1ad 213 185 2,420 1.8901.41[1.39/0.9900.280. 32| 0.3¢] 0.3000.240.1¢f —| _—
12 | | 5.0 292 2.92 2.3¢ 1.01[1.451.441.180.070.09 013 0.120.100.11| 0.07 0,06
13 | w | 0.6l 1270 1.67 1.25 1.02]1.641.10[1.0100.24/0.33 0.32] 0.24{0.21/0.20] 0.12] 0.08
14 | CH | 2.30 2.80 3.20 2.30| 1.40| 2.401.901.2000.1/40.3 0.78 0.6000.320.40 0.2 0.16
15 | w0 | 205 225 236 1.89| 1.75 1.491.181.010.250.¢ 1.00| 0.430.320.36 0.28 0.1
16 | MH | 2.50{ 2.00 2.80 1.60| 1.10[2.40[1.90}1.40]i .0830.13 0.22 0.1500.11/0.14] 0.11] o0.07
7 Lo | 291 200 163 127 o.7ler.4l3r. 271 20,5 50.4 0.47] 0.46J0.460.47 0.34 0.20
18 | sc | 22 2.0 1.7 0.76 0.42] 1.300.950.70| 0,005 0.20 0.37| 0.280.240.22 0.17] 0.097
19 | w | V.54 2.42] 2.89 0.72) 0.5[22.8)82. 591. 200, 4/50. 5| 0. 46 0.68’0.340.23 0.29 0.11
20 | v ) 2.2 2.80 320 202 0.6l 3.012.21.50.220.50 0.92 0.760.260.89 0.69 0.19
20 |SM | 13 Lg 14 07 04| 1.20.870.520.070.15 0.34 0.250.150.24 0.16 0.07
22 | » | 1.5 1.44 0.93 0.86 0.751.07)1.080.860.080.200 0.2 0.210.140.22) 0.2} 0.19
28 | w | 210 139 1.20 073 0.491.030.89 0.450.360.4 0.56 0.490.240.30 0.18 0.1
2 | w | 1.5 1.58 0.69 0.84 0.910.960.960.360.480.59 0.60 0.500.360.48 0.12, 0.24
25 | w | 1.23 126 0.83 0.5 ©.410.450.240.160.240.31] 0.43 '0.35‘0 240.30] 0.15 0.14
st e #BES 0,5 10,1, 5kg/cm*s] @ER 34 HES BEEKHYS BEE 28 4 9 Ze

{0.074mm)
x=8.3+0. 1860

»+ (0.005mm
** (0.074mm

30 40 60 60
*yut n)

70
(%)

80 €0

D8l 4, HE,005mm) S 2008 %0, 074mm
Sntefat 2|3 Esy|
o] =¥ 4 A4 0.005mm SHEE F 0.074mm

BERE 9 B AT

HHE)

gedE B

BEKEAA Az 2 B o 22 ERMRK
7t Bird g €+ =
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BRBTREGEE F17%4 H 3% 197558 91

#-6 MS otE AlgE A -0 Haxg t}4] ¢ (kg/m?)
27| o] z % z 5}
A]itgta ) | w, | w a) )
e , S ,
s |04 w2y w2 m°+4]97|94 91 _40}_20!(105) wot2| ¥y | 97| 9 ] 91
No. 1| -CL | 1.20[ 1.25] 1.10| »0.9| 0.730.90/0.79l0.580.1300.20| ©.28] 0.250.180.23 0.16] 0.14
2 | u | 0.67] 0.82] 0.97 0.70| 0.500.86[0.77[0.690.230.35 0.40 0.30[0.200.33 0.2¢] 0.20
3 | w | 0.40 0.90 1.30| 0.80 0.40[1.1¢]1.000.600.500.35 ~— 0.210.200 — ~—f —
4| w | 1.0 0.94 0.701 0.50 0.260.900.7¢/0.55 —0.30] 0.30| 0.220.110.25 0.03 0.025
5 | | 150l 1.90 1.28 0.62 0.551.080.900.900.200.25 0.30 0.160.120.1 40.10 0.09
6 | ML | 0.25 0.45 0.62 0.5¢ 0.430.530.470.360.130.17) 0.23 0.170.09‘0.17! 0,08/ 0.06
7 1w | 0.55 0.6¢ 0.77 0.58 0.340.620.540.510.220.27| 0.32 0.18/0.140.17 0.12 0.04
8 | w | 0.400 0.70 0.95 0.75 O0.640.600.500.450.100.15 0.50 0.300.250.40 .30/ 0.20
18 " 8.23 8'3(5) 8?2 0. 62 0.400.80:0,801.0030.250,20 0.15 o.150.15}o.17i 0.12] 0.10
" . . . —| —l.1slo. 1400010 —| —| o0.100 —| —0.03] 0.02] —
n n | 0.34) 0.46 0.40 0.36 0.270.06!0.600.67,0.050.07 0.08 0.070.090.08 0.05 0.05
12 | w | 0.45 0.60] 0.55 0.40 0.1700.€00.250.150.050.06 0.20 o.oso.ozlo.m 0.10] 0.06
A3 | 1.10 0.95 0.85 0.67] 0.550.630.47/0.400.200.26 0.35 O.270.20i0.86| 0.37| 0.40
4| CH | 0.76 1.60| 1.80] 1.20| 1.0lI.200.3000.050.280.3¢ 0.56/ ~0.520.400.48 0.34 0.26
15 | 1.0 0.81| 0.64 0.58 0.430.85[0.680.480.100. 10| 0.24] 0.180.140.14] 0.1¢ 0.12
16 | MH | 0.8 1.00| 1.20, 0.70 0.60,1.00.8¢0.630.100.1¢ 0.25 0.160.120.16 0.13 0.09
17 | n 1.42) 1.40] 0.80| 0.95 0.74(0.70[0.65/0.400.280.45/ 0.57| 0.350.280.25 0.20] 0.18
18| SC | 0.46 0.54] 0.60] 0.47| 0.330.54(0.460.67,0.21(0.26] 0.32 0.2700.180.23 0.22| 0.18
19 | 1.40, 1.23] 0.85 0.28 0.100.70[0.40{0.100.20{0.26] 0.30| 0.250.160.24, 0.13 0.10
20 | 0.8 1.20) 1.00 0.55 0.170.870.600.350.120.12 0.52 0.460.160.45 0.22] ~ —
21 | sM | 0.55 0.70] 0.77] 0.34] 0.150.480.350.100.12(.20| 0.25 0150.071,0.141 0.09| 0.04
22. | o 0.4 0.90 0.45 0.35 0.300.4000.300.300:040.07| 0.13 0.10/0.050.10 0.07 0.05
23 | w» | 0.88 0.34 0.52| 0.14) 0.120.48/0.420.36/0.100.12] 0.30] 0.160.080.08 0.10; 0.04
24 | | 0.37] 0.521 —| 0.90| 0.280.320.200.140.100.28! - ~| 0.100.12] —| 0.10] 0.2
25 | » | 0.40 0.40] 0.55 0.31 o.25:o‘45{0.3oo.2s|o.2oo.2o 0.35] 0.150.120.20; 0.15 0.10
B-7 A= eb& AEH(H ¥rtArs —tang) AT
el =2 W o= % 4 o = % 4 H
. vz |w,—4 wo~2!(]“o"b){wo+2;wo+4 97194591 vt | % ‘(]“(’)g))]wﬁz\iﬂw 94 \ 9
No.1| CL | 0.47] 0-37( 0.32] 0.18 0.08)0.330.300.34/ 0.09200.130.18 0.130.180.17) 0.1§ 0.07
2 | » | 0.5¢ 0.43 0.22| 0.17, 0.100.230.24C.27| 0.07{0.11/0.15| 0.097(0.070.14| 0.13( 0.12
3 | w | 075 0.67] 0.42| 0.48, 0.28(0.440.470.42 0.190.4400.47| 0.320.210.19{ 0.12 0.04
4|y | 0.5 0.63 0.78 0.53 0.270.58[0.400.331 0.3400.580.33| 0.190.140.09| 0.07) 0.07
5 | w U o8 0.67] 0.60/ 0.65 0.51l0 66’0.63'0.60l 0.43[0. 44/0. 41| 0. 5200.550.45 0.39, 0.27
6 | ML | 0,69 0.66 0.58 0.33 C.29[0.540.500.48 0.12{0.12/0.14 0.1200.120.14} 0,12 0.12
7 ‘ v | 0.52] 0.39] 0.27] 0.25 0.2000.320.330:34] 0.097/0.12[0. 16| 0.120.07(0. 12} 0.087| 0.079
8 | » | 0.5 0.42 0.40 0.3¢ 0.180.300.280.25 0.150.190.12 0.090.160.15 0.07| 0.08
o | w | 0.55 0.46 0.491 0.27] 0.230.360.400.27 0.020.030.09 o.oso.osio.os 0.04| 0.018
0w 2 ) o.o8) 0.23] o0.27/0.23 —| — | —Jo.09l 0.120.07] — @ —I = —
" v | 0.34 0.40| 0.42] 0.32| 0.21/0.290.2300.17| 0.12[0.16/0.20 0.120.090.07| 0.07| 0.07
12 | w» | 0.40 0.42| 0.47] 0.42] 0.3200 5];0.480.36 0.07/0.12[0.16] 0.210.230.12] 0.10 0.07
3 ) v | 0.40 0.510 0.42| 0.32] 0.280.440.430.4¢ 0.15/0.190.23 0.270.190.27| 0.21| 0.09
12 | CH | 0.60] 0.42] 0.43 0.28 0.230.440.4600.45 0.0730.120.23 0.17/0.130.13) '0.09 0.095
15 | w | 0,16 0.25 0.3¢] 0.23 0.14}0.250.2300.20] 0.0870.16/0.23 0.17/0.100.29) 0.29 0.10
T6 | MH | 0.52| 0.41) 0.42] 0.35 0.27/0.370.400.35 0.089] 0.090/0: 08 0.0800.060.08| 0.06 0.06
17 b » | 0.34] 0.38 0.36] 0.28] 0.1600.360.360.36| 0.34[0.36[0.36 0.250.200.32] 0.27| 0.17
18 |.sc | o.471 0.42] 0.33] 0.23 0.14)0.370.400.45 0.150.180.25 0.160.110.21] 0.17| 0.14
19 | T | o.s3 0.45 0.42) 0.12, 0.050.420.430.49 0.25[0.36/0.35 0.140.07/0.36] 0.35 0.33
20 |« | o0.700 0.5 0.5 0.51 0.210 51;0.510.49 0.050.11(0.29) 0.420.250.30] 0.27 0.18
21 SM | 0.39] 0.33] 0.28] 0.19] 0.1300.420.47/0.5¢ 0. 08l0.15/0.22] 0.143.109.19 0.15 7 0.12
22 | s | 0.32) 0.3 0.38-0.3¢| 0.2100.420.340.30 0.160.210.23 0.200.140.1¢| 0.10] 0.02
23 | » | 0.67] 0.78 0.75 0.78 0.7000.660.0640.61 0.640.6700.78 0.650.620.70/ 0.58 0.47
24 | w | 0.78] 0,75 0.75 0.63 0.520.650.67(0.62 0.660.510.73 0.650.550.65/ 0.58 0.55
25 | » | 0.75 0.73 0.62] 0.55 0.4900.51/0.58/0.51 0.510.58/0.55 0.49)0.460.44) 0.53 0.49
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BEETR6E 178 £33 19754 9 A

-8, E4H$K) 2B ) 2¢] : (cm/sec)
* %z Al et w2 | w00 | wot2 ] 0,44 { 97 9 | 9
- R 1
PEOF ) 9.6x107Y 52107 1,13 1077 2,80 107} 3,50 10~ 4,20 107 1,87 X 10-¢| 3,04 10-°
CL 'y y 181X 167 1,57 164 1,78 10-76 80X 10-7) 5,010~ 8.3 1077 6,54 1074 1,03 10-¢
L3 4 1421%1077 1,70 167 2_46><10-5’ 100X 10~ 2,16 10-" 1,53 16~ 2,45 10~"| 4,16x10~"
: |
F | 5.05 1079 1,79 10-% 4 25x 10-" 1,18 10-9] 2,02 16-% 1 523 10-¢ 4 66 10-¢] 1,56 105
| 5.05x 1074 1, . . . : :
ML |8 o | 1.25%107 62010 1,08 % 10 3,55 10-¢| 5,20 16-% 4,48 % 10~% 1,09 % 10-%| ,3,40 10-*
& £ |1.57x107% 5,80 16~ 1,30 16-7 2,50 X 107"} 5,64 10-7] 7,00 X 16| 1,67 10~¢| 3,90 10
|7
3 7 il,ssxm-el‘ 2.2 1077 411 10-3] 117107 €.7%16-" 1,58 10-7] 1,08 10=¢ 2,39 10~
CH |3 q ‘2_7c'><m—sj 3,30 1671 6,30 10-% 1,20 16-7| 1. 0>«10”°'230 %10-7] 2,00 10-9| 4,40 10-°
I ; 1.00X 107 1,10 107 1,935 1074 1,14 10~ 3.4 10-78,70 1079 1,74 10| 3,805 10-"
: | !
HF | 5.56%107% 1,005 1070 2,75 10-1 4..7x 10-1 1,47 10-¢ 1.03 % 10=¢ 2,43 10-% 7,93 10~
MH | & o 65010~ 120%10-% 2.80x10-" 5.2x10-7 2,20 10-% 1 40 10-% 2,70 10-% 8,363 10~
2 | 4,62%1079 810107, 2.72% 10-7 4.2x10-7 7,37 10-11 6,60 x 10" 2,17 10-%, 7,50 10~*
v s 7 ]8.66% 1070 11631079 1.20x 107 3 .45 107 2,11 ¢ 10| 7.70x 10-1 3,09 10-¢] 2,09 10-*
I i .
S C L& = 1.50x10-%2,30x10742,20x 107 4301077 4.0X10-% 1,70 10-% 8,00x10-% 6,00 10"
: E f1,¢5x10~° 2,55 X107 6,56 X 1079 2,45 10~ 7,70 107 2,80 10-7| 5,35 X 10| 7,05 10~
® 7 i2_9c><10~ﬁl~1_09><10—5' 2,26 10~ 5.40% 10~ 8,26 X 10| 7.50  10-%' 2,84 10-%| 1,20 10~¢
‘ E: q x4.28><10—5% 2,13%10-% 516 104 1,68 10-5] 2,05 x 10=5] 1 40% 10-% 6,82 10-% 3.04x 10~
| 32| 6.86X1071.305107 1,17 X107 2,17 X 1077] 2,70 163,50 X 10-7| 9,38 X 10~7| 1,48 10-*
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&9 T8 HRB W WK

%-9. = of: MO (qu) e Eff o (kg/em®)
* #lz A 0ot | 02 Iw,(100)| 0,42 | wtd |97 [ 94 [ 91
. 3.3341.953.27+1.37[2. 50+0. 45[1. 61 +0. 4210. 764-0. 49|1. 974+-0.93]1. 80+ 1. 12| 1. 57 +0. 38
oL —1.42] —o0.97]  —0.é0 —0.42]  —0.47, —0.50
- 0. 27 +0..2110. 41 4-0. 240, 67 +0. 37/0. 36 +0. 150. 28 0. 12{0: 26+0. 10[0. 184-0. 18] 0. 11 +0. 08
—0.12]  —~0.200 —0.37]  —o0.15 : —0.14
_— 2. 104+0. 29}2. 154+0. 77]1. 94 4-0. 66|1. 7040, 72 1. 01 +0. 88[1. 34+-0. 32|1. 07 +-0. 37] 0. 81 4-0. 37
ML —Q.15 —0.88 —0.12 —0.41 —0. 63 —0. 67 —0.43
2 g 0-25+0.500.41+1.100.47+1. €00.3641. 02(0. 25+0. 550. 23 +0. 650. 18+0. 51| 0. 13+0. 37
- —o.1g|  —0.32 —0.35‘ —0.24 —0.15 --0.18]  —0.12 —0.43
s |2 17£0.132.52:£0.282.78:£0. 4202. 10+0. 2011, 572:0. 172, 05:£0. 55{1. 54:£0. 3¢] 1. 100. 10
CH % 5 [-20£0.050.47:£0.1200.89£0. 110, 51£0.080. 3240  [0.38+0.020.27+0 10,170
_— 2,70+0.20.2. 50 £0. 502 21'+0. 60{1. 43+0. 170. 93+0. 07]1. 91 0. 501. 6040, 20| 1. 30 +0. 10-
MH - O.29¢0.23|0.3110.180.3510.120.30J_r0.150.2810.170.3010.170.231—0.11 0.13+0.07
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