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Evaluation on Stress-Strain-Strength Behavior of the Textile
Encased Soils via Triaxial Compression Tests

ABSTRACT

Recently, there are an increasing number of studies on the method of wrapping the outer wall of granular piles with geosynthetic fibers
such as geotextile or geogrid that has a certain level of tensile strength as an alternative method for the ground improvement techniques.
In this study, triaxial compression tests are performed on the sand and clay specimen encased with various textiles to evaluate the
reinforcing effect with regard to the tensile strength of the textile. Furthermore, triaxial compression tests are performed on the clay
specimen inserted by sand only and sand encased with geosynthetics to compare behavioral differences between the conventional sand
compaction pile and geosynthetic encased sand pile with regard to the replacement ratio, a; and the tensile strength of the geosynthetics.
Based on the experimental results, the strength enhancement due to the textile is affected by the longitudinal tensile strength rather than
the transverse one of the applied textile. The effect of the confinement by the textile encasement results in the large increase of the
cohesions. The overall behaviors, such as shear strength, pore pressure parameter at failure and stress ratio, of the geosynthetic encased
sand pile is quite different from those of the conventional sand compaction pile.
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AR TSRS SlaiA 7o) T2 AREE SRS tiAEE ]
e 7 ol 28e) QRS ZHe A oEsER)
(geotextile) B== %) @ 18] =(geogrid) 52] EE4
(granular pile) €181 = el tigh A7) Bo| S7I8lick
oje} B2 EEARFE AR F(pack) FEe] A= ol
of ofgh 5 WA (bulging) A EXEAfrollx] E3lEE P E
(ring or hoop tensile force)E F3l W& TR HES JAlskaL
T AFEE T AR dEA Ak

ERE o83 & o BAEI gk 7= Al-
Refeai(1985)¢] USUSAIRE o83 U, o BAAES} vl
A5 B3 EAH o 2 AR, “jacketed stone columns”
olghs WA B2l MRS AS5USA1E A7 (Kabir & Alamgir,
1988)2 NZo & &xje] EXAf W7k X)W (granular pile)
3} Ak Al i STk ARk T SOl we
A} ATEo] o] Katti et al(1993) GAPRGS 7o s
so] EEA2 14E HA150] AR ARl wAlshe
TNEEET ol gk o] &2 AR v} Sl o] F W A7AkEo]
AR oA g FE BRI RS B i
(A2 ek ¢ (Madhav et al., 1994 ; Al-Joulani,
1995 ; Raithel et al., 2000, 2002, 2008 ; di Prisco, C. et al.,
2006 ; Ayadat & Hanna, 2005 ; Malarvizhi & Ilamparuthi,
2004 ; Murugesan et al., 2006, 2007 ; Wu et al., 2009 ; Lo
et al,, 2009)& F33}5aL, olol| tist A2 EEHFZ B
T AR EES BAe Bl digk gSd=e) R
e, - E A, AR ek, 471715 (creep)el] B
g2 Fol ARk 58] H ATueS AuEd 2
ARFARI BEXAfol] vlal] Aieet o] & A aE=E BAsh
47182l S7FAF(unit cel)7REel oigh Fx]3)44 A7}
%2 ojfa glil 7 RTINS FHe ERAGE 2
z239] g A7ETE Sui- 9ol 1] WA Ktk

o] dTore EtHIESERI(SCP)S] i T o= XA
Fr B EerEs e es)o] AR BAelA A8k(a,),
ESAR (T, 7 B B BeoesRe] AE
H2E GRS gelslat 9FE AR B ok 2119

Table 1. Soil properties

B i AEUSABS Ak 97 ) Ank

7 3t 8 0 RS sl Siste] wels) HEE 97

AR B meh, JE- BYEe] e HHYEAEL

AT, WA Al RS Yelslel AR O

7 visjel) mhe Bee] ATIEEA HekE sjols sig]
]

o} mgk mEcRl RS wAshe Reh s Behus} wej
AREe 959 A2 A RohE IR B3EE A88(a,)

FE(T)E Telsle] 24 T AEUSARE Al
Q73 52 B mefckiume) gkew} Qe e
wESe A% Aol was) wid sk

2.1 Aol AIRE 2
2.1.1 A[E0f A= &

Aol AR e FAteA A3 Bl ESF 2mmolatE
AR 2 A8k Awe] A% s yokel Alus
A7) s BB A 5 2ol FHEkTE ARl
ARE3E Fo) RS Aelshi Table 13} 21, YuiE 4
Fig. 19} 2tk

2.1.2 Aol ARBE MR
o] ol Bef-d, Hef-HE Mg} Hef-H-AE AR

US Standard Sieve Opening in Inches ~ US.Standard Sieve Numbers Hydrometer

2 1 12 4 10 40
T T T

100 200
100 < :

=<

90 = 10

%
S
)
S

=)
—
7

clay

w
)

\ sand

=y
3

/
3

v
3
o
o
=}

i
=3
L
|
o
3

Percent Finer by Weight

w
S

L~
=
=)

Percent Coareser by Weight

)
S
%
S

S

90

00

1
0.01 0.005 0.001

So
3

50 10 5 1 05 01 0.05

Grain Size Millimeters

Fig. 1. Grain size distribution curves

coefficient of
consolidation,
¢, (cm’/sec)

Specific

gravity,
G, LL(%)

s

Atterberg limits

PI(%)

Max. dry
density,
Vi max (kN/mz)

Min. dry
density, fon an
Vdmin(kN/mz) c C/ (¢ ’¢ )

Cohesion (kPa) Friction angle

USCS

clay 2.72 63.8 35 1.3x10™

- 0 0 159 | 274 CH
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Table 2. Tensile strength of the textile used for triaxial tests with sand-pack and clay-pack specimen

Sample CT-1 CT-2 CT-3 CT-4 CT-5 CT-6

Tensile strength, 7 Longitudinal direction 1110 368 503 422 201 759
(N/5cm) Transverse direction 425 237 300 18.3 202 559
Tensile elongation Longitudinal direction 13.9 8.10 14.7 352 10.7 13.2
(%) Transverse direction 15.9 7.60 9.08 423 7.36 134

Table 3. Seam strength of textiles used for triaxial tests with
sand-pack-clay specimen

Textiles used for tests
Sample
SCT-1 SCT-2
Seam strength(IN/5CIM) 719.1 581.7
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6)h HHT A 1ERHCT-4E Hg51] AHgsisich H4e

& Table 2¢] Az]sle] eI} Table
2010 5] QIAFIESh QP BESELY A s
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Fig. 2. Sand-pack composite soil
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Fig. 3. Pack combine with steel casing

Fig. 4. Clay-pack composite soil
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Fig. 5. Sewed pack for sand-pack-clay composite soil
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Fig. 6. Frozen SCP for sand-clay composite soil
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Fig. 8. Sand-pack-clay composite soil
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Table 4. Strength parameter of sand-pack composite soils
Sample Longitudinal tensile strength, 7., (kN/m) Cohesion, c(kPa) Friction angle, ¢(°)
sand - 0 38.5
CT-1 8.5 368 38.2
CT-2 4.74 313 38.1
CT-3 6.0 341 38.1
CT-4 0.844 118 385
CT-5 4.04 302 385
CT-6 11.18 395 38.2
Table 5. Longitudinal tensile strength/cohesion (7;,/c) for 008 .
sand-pack composite soils | isand-pack:compusitersoil
Sample T,/ c(m) Sample T,,,/e(m) “*7 T,,/c = 0.0021T,,+0.0054
CT-1 0.0231 CT-4 0.0072 g R7=0.9994
2 002
CT-2 0.0151 CT-5 0.0134 G |
CT-3 0.0176 CT-6 0.0283 i
3. A X2 B T | I |
0 2 4 6 8 10 12
T, (kN/m)
3.1 el S2IE Fig. 9. Relationship between 7, /cand T,
Ao AR WPl e e Bihee) AT
< 534 AARE HuEaed daE o]-8-5k¢] Mohr-Coulomb 600
9] i wlet 2R 2o B3eo] FAS-E Table -| sand-pack composite soil
500 —
40l Aejate] YERARITE Table 404 Hi= njo} o] nej-# |
SR B Fele Ao FHAPFE Wshel et -
HglEe] Ul ae e o) g weblasl A B
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200 - = T,,/(0.0021T,,+0.0053)
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2g0] Zeakatol st AT mele] Zaguka siEke 1
0
oRlehs EHE WHjsle] At St EAR Ueh Hoe o 2 4+ 6 s 1w m
HAAR el SRR QA ke BgEe) A 7,,0N/m)
o} Js AT ok & = ok AR 4] SRk Fig. 10. Relationship between cand 7,
o] Ngol T WIe s Fetes NEE 2] Ade
2B B 2 Table 26f419] SApEE] tigh =S 3 A7IM, T, : BAH FEE =
W Q=R Al tht CT-4 Aol gl 2dst ¢ Rl BaEe] AR
A9 Q7= gt AFE EAs] flste] BAF Bk a,b : A3 2A] AH @ 718y A
YU TS Sjo] AP QAEE FHUF O
B ARSI o) A el TP QP rech el B0 YA col T 7,9 T,,/co] BAS
EEo] A WARRE A5 ks feste] AYskst AeJalo] Table 59 LERIQIA 02 3)71415}0] Fig. 99 LR
A (D o] vepd 5 Sl SItk Fig. 9ol S71RAS Ba) A T),-T,,/c o=
4 st Btk 4 Q)% og3te] AR WS T A4 G
ah
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Table 6. Undrained shear strength and longitudinal tensile strength for clay-pack composite soils

Sample Longitudinal tensile strength, 7}, (kN/m) | Undrained shear strength, ¢, (kPa) | Undrained shear strength increment, Ac, (kPa)

clay - 9.65 -

CT-1 8.5 45.26 35.61
CT-2 4.74 35.7 26.05
CT-3 6.0 374 27.75
CT-4 0.844 18.77 9.12
CT-5 4.04 34.95 25.3
CT-6 11.18 56.4 46.75

648  Journal of the Korean Society of Civil Engineers



Table 7. Strength parameter, strain and pore pressure parameter at failure of sand-clay composite soils

Confined pressure Cohesion(kPa) Friction angle(°) Strain at failure, Pore pressure
(kPa) c ¢ ¢ ¢ (%) parameter at failure, A,
sand-clay 100 14.12 0.570
composite soil 200 8 5 16.1 29.5 11.28 0.620
(a;, =10%) 300 11.52 0.720
sand-clay 100 7.83 0218
composite soil 200 21.5 0 18.5 31.5 8.71 0.334
(a, =20%) 300 8.53 0.436
Table 8. Strength parameter, strain and pore pressure parameter at failure of sand-pack-clay composite soils
Replacement | Confined pressure | Seam strength | Cohesion(kPa) | Friction angle(°) | Strain at failure, Pore pressure
ratio, a, (%) (kPa) (N/5¢cm) c J é & €;(%) parameter at failure, A,
100 13.98 0.240
10 200 55.0 33.0 21.8 43.0 13.99 0.375
SCTL1 300 101 15.14 0.413
100 20.00 0.103
20 200 1713 | 1055 | 262 4382 20.00 0.178
300 19.76 0.218
100 14.82 0.268
10 200 56.4 40.8 232 43.8 16.65 0.312
SCT2 300 5817 18.30 0.405
100 19.87 0.113
20 200 178.3 129.8 24.0 429 18.49 0.198
300 20.00 0.228
o] QIU-HHCU) AEAEAEE HAI5}e] Table 73 2
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Fig. 14. Relationship between strain and pore pressure parameter for sand-pack-clay composite soils
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