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SYNOPSIS @ Many researchers have developed varivous reinforced soil methods continuously
because of their economic merits. But sandy soils have been used generally as embanking
materials in the case of an embankment reinforcing. That is thought because if poor embanking
materials, especially like a clayey soil which has very low permeability, are used in a reinforced soil
embanking and if excess pore water pressure is produced by external factors, the friction resistance
between reinforcing members and soils becomes decrease then the body of a reinforced embankment
can be destroyed. But a clayey soil can be applied as a embanking reinforcing material if a
reinforcement has a high permeable capacity and one can dissipate the excessive pore water
pressure effectively. Therefore reinforcing effects have been examined when clayey soils are

reinforced with nonwoven geotextiles of which permeabilities are very high(about 10° against a
clayey soil) and the results of them are reported.
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<H#-1> Properties of a clayey soil and nonwoven geotextiles

Clayey Soil Nonwoven Geotextile
N f
Consistency Grain size analysis ames o P 520 P 530
goods
Weight
0 (98 | @y (%) P Do (mm) | Ds (mm) | De (mm) (;i,) 200 300
Tensile
32.83 23.39 9.44 0.0152 0.0297 0.0557 strength 60 30
(kg/in)
Strain at
Compaction Cu = 3644 , Ce = 0.4584 failure 60~100 60-~100
(%)
Coefficient of iy
Yamas= 176/ @op= 167 % | Permeability, kis | 3.157x1078 | O] guion | 4 x10,
permeability
(cmy/sec) (em/sec) (a=1~9) (a=1~-9
USCS CL Specific gravity, Gs 2.62
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<¥-2> The changes of water content before & after test and degree of compaction.

Confining Direction of W o Unit weight before Degree of
f ater content @ (%) . , g
Test | DPressure ?1321 erc;e;r;in)t reinforcing shearing (g/cr) Compaction
. Y
0y (ke/ar) g Before shearing|After shearing [moist, ¥, | dry, 74 (%)
0.7 None - 16.57 16.11 1.961 1.682 95.6
A 16 " - 16.55 16.47 2.029 1.741 989
28 " - 16.93 16.90 1.973 1.688 95.9
32 4 - 1350 13.42 1.920 1.691 9%.1
0.7 P520 (1) 0 16.17 16.85 2.025 1.743 99.0
16 " 0 16.98 15.66 1.996 1.706 96.9
2.8 4 0 15.57 15.33 2.000 1.730 98.3
32 " 0 17.17 15.83 2.074 1.770 100.6
B
0.7 P530 (1) 0 16.60 16.52 2.027 1.738 98.8
16 " 0 16.35 15.96 2.009 1.727 98.1
2.8 4 0 17.23 14.49 2.049 1.748 99.3
32 4 0 1513 14.43 2.029 1.762 100.1
2.8 P530 (1) 0 17.23 14.49 2.049 1.748 99.3
C 4 P530 (2) 0 15.25 14.22 2.097 1.820 103.4
4 P530 (3) 0 13.40 12.60 2.038 1.797 102.1
P530 (1) 0 16.35 15.96 2.009 1.727 98.1
" 15 16.60 16.45 2.045 1.754 99.7
" 30 16.77 16.50 2.022 1.731 98.4
D 16 ” 45 16.24 16.01 2.072 1.783 101.3
' " 60 15.88 15.78 2.038 1.759 999
" 90 16.39 15.78 2.033 1.747 99.3
" 135 16.07 15.21 2.027 1.746 99.2
" 150 16.18 15.25 2.056 1.770 100.6
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<3#-3> The result of shearing test of Unreinforced Clayey soil.

Confining pressure, | Shear strength at | gorizontal displacement | Vertical displacement at Strength_parameters
0, (kg/or) failure, 7, (kg/cr)| at failure, D (mm) failure, 4h (mm) ¢ (kg/crt) ¢
0.7 0.718 6.8 -0.3
1.6 1.188 124 -0.17 .
28 1567 214 0.62 0.3 262
32 2.077 26.8 1.75
25 75 3.0 30
Unreinforced clayey soil
[ o= 0.7 kg/omt
2---- =18kl 4 i
20f 77T I8 - 5| .
i P kgont e 6.0 2 4 28
| 4 - o=32kgiont 7 J
/"/ 3
1.5 K ) as 20 - 20
e
3 I«I a2 —_ 3
o S eI R e € —
Etop /- 410 E NEQ 15} 15
— e E’)
£ L ' a =
133 5" LA—— [
05 F,‘J """""""""""""" 1 1.0 Unreinforced soil 410
'." """"""""""" ¢ = 0.36 kg/cm?
¢ =262
0.0 g 0.0 05 % = 0:36+0.49%, 405
05 " 1 n 1 i 1 i i i . 15 0.0 U N A 4 S | a ) i 1 " 1 0.0
0 5 10 15 20 25 36" 00 05 10 15 20 25 30 35 40
D (mm) s, (kg/cm®)

Fig. 2 Failure envelope of unreinforced clayey

Fig. 1 The shear test result of unreinforced "
soi

clayey soil
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<¥-4> The influence of confinging pressure to reinforcing effect.
Confining Horizontal Vertical Shear strength| Increased Strength
Reinforce pressure displacement at | displacement at at failure Shear strength Ratio
ment failure failure ,
(kg/cr) D (mm) 4h (mm) Ty (kg/crt) | 4 Ty (kg/cn) R
0.7 76 -0.79 0.766 0.048 1.07
P 520 1.6 288 0.55 1.308 0.120 1.10
2.8 276 1.80 1.980 0.413 1.26
3.2 30.0 1.28 2.168 0.091 1.04
0.7 21.2 -0.79 0.807 0.089 1.12
P 530 1.6 300 1.18 1.503 0.315 1.27
2.8 30.0 2.08 1.919 0.352 1.22
3.2 30.0 2.02 2.172 0.095 1.05
35 20 3.0 30
cv-tfre!ation ov-R relation e Unveinforced
[ | — uneinforce o P52 + A Reinforced with a P520 1
- & P520 ¢ P530 ¥ Reinforced with a P530 ’
301 | o psxo 415 25+ q2s
Reinforced sail with P520 ‘,;‘,"
c=0.39 kg/enf ,
20 ¢=24 » 20
= ©0.39+0.565 v .‘
b o ]
— * ® PR * P530 (1 layen)
< -~ - & -
£ 200 o S Hos§ £ 15F °_°‘53kg°m2 , {15
= o 4 5 3 b=27 R
g L ) ﬁ < rﬂ({fh/}/
S o x & '."/’ ]
15} v 400 10 o Uneinforced sal | 4 o
¢ =0.3 kgien
L B A ¢ =262
o - r'=0.%+0.49:r
10 -1 05 05 405
0.5 " 1 1 i 1 | 1.0 0.0 sl y I U SN SHN NS S G S R 0.0
05 10 1.5 20 25 3.0 35 00 05 10 15 20 25 30 35 40
o, (kg/ent) 5, (kglarrt)

Fig. 3 Strength ratio of reinforced soil

Fig. 4 Failure envelope of reinforced soil
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<#-5> Strength parameters of reinforced clayey soil with a P520 & P530

Reinforcement Cohesion, ¢ (kg/crf) | Internal friction angle, ¢ Failure envelope equation
P 520 0.39 29.4 7,/=0.39+0.56 - o,
P 530 053 27.0 ;= 0.53+0.51 - o,

4.3 BZxf ZHAHo ME 2353

N

(oo A fo
50 o 1M o

Fﬁ
xR R,

A FE&F 2.8keg/et 3t A P5309] RAEXEBAAE AoHg Mo “%k"ﬂ EH?’FPOq
Zate] B A we RAENE XAEAY. Fighe AWAdZ2HRE
~-’F—1L_-‘H(r~D Ao AR YEd Rox BAFo Frbd wmEt A9 ézé‘?_ §k91
E Yetz Qv =2 FRPAES A F=3¥EHFH] 71%214mm)dl =&
YelWoy 23E A9 Ad 10%(30mm)e] FFA$7 dAgE o 4%%3—301] o] 24
A F7hFoldA & 4 Aok £F B AS FERAY A9RuE 27]%H
32 YEtde O FotEe AduArt St wet oS ARE & & Ao Figee Ad
FAol(H=30cm)oll gk 3 BZAZ A9 "z Aodd 2AANF8(e) S
A
BHt 2 EA%T 98S @ & At E wgAd o EAd Fae) Zrsd
BE@do] F7HEE ¢ & Utk AA BAEFTHAA RAA BANE o] APy Fer
A of ARAEE gHAAoE MAT £ Yuie R AWA F1 Yt <E-6>L BAA 7
HARAAREY A=A dd nxe 98-S A A48 29kg Aojrt

iticd
o}‘_,
ro

{

WJ
r_L;
a9
olo

£ m R

do ofw
N
N

[

_,d
ER
2
B

o
=

N
-

ru L otlo oy
o [
o

oy to ¥

S

= o
X
=_ 1o
Q
o
q 2
829
o°('

N OB D
o ot olo
W to i
R
o -
o

<X -6> The relation between reinforcing spacing and shear strength.[ o, = 2.8kg/cw, P530]

Horizontal Vertical
No. of Spacing displacement at displac:ment at Shearfs.tlrength ShIncreased h Stress ratio Streng t
reinforcing Ratio eailure eailure at falure ear strengt [f/gu Ratio
layer (e) D (mm) Ah (mm) T; (kg/en) | 4 Ty (kg/c) R
0.50 30.0 2.08 1.919 0.352 0.685 1.22
2 0.33 30.0 1.70 2271 0.704 0.811 1.45
0.25 30.0 0.77 2.557 0.990 0.913 1.63
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Fig. 5 Shear test
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Fig. 7 Shear test with reinforcing directions
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<¥-7> The relation between reinforcing direction and shear strength.
[ 0, = 1.6kg/cm, Reinforcement = P530]

Angle to the Horizontal Vertical disol Shear strength at| Increased Shear Strength

vertical direction| displacement at EI‘tl(.:al tsplacement failure strength Ratio
60" failure, D (mm) | 2t e dhmml 4 14 (kg/cr) R

0 300 1.18 1.503 0.315 1.265

15 270 -0.09 1.584 0.396 1.333

45 174 -0.12 1.407 0.219 1.184

60 16.4 0.49 1.397 0.209 1.176

90 14.8 093 1.033 -0.155 0.869

135 134 0.89 1.203 0.014 1.012

150 15.2 0.69 1.049 -0.140 0.882
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