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ABSTRACT

Horizontal permeability tests were conducted experimentally to
investigate the short-term and 7-days drainage efficiency (i.e.,
permeability) of low-permeability soil with permeable nonwoven
geotextile drains sandwiched between thin sand layers. The objective
of this study was to improve the drainage design of geosynthetic
reinforced low-permeability soil structures during heavy rainfall. The
test variables included the number of drainage and sand layers, sand-
layer thickness, normal pressure, and test duration. The test results
indicated that system permeability was effectively improved as the
number of drainage and sand layers and sand-layer thickness increased.
The system permeability decreased as the applied normal pressure and
test duration increased because the normal pressure compressed the
thickness of the soil and the drainage layers, and fine soil particles
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were likely to migrate through seepage over time, resulting in the

clogging of drainage layers.

The results also demonstrated that the

sand layers effectively improved system permeability by preventing

fine soil particles from clogging the drainage layers.

The system

permeability increased as sand-layer thickness increased, suggesting
that in addition to functioning as a filter, the sand layers also provided a

drainage function.

The findings encourage the practical application of

thin sand layers to mitigate the damage caused to infrastructure by
typhoons or heavy rainfall, thereby achieving a safer and more

sustainable environment.
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7 2L w/sand- 937 387 200 151 139
5 mm (39) (79) (46) (37) (36)
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=0~ Pure silt

System parmeability, k x 107 (m/s)

Normal stress, o, (kPa)
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System permeability, k x 107 (m/s)
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AU T PR AR N o Bl BT P AEYE o A T
\iﬁfﬁ B AR A o @ R B IE'E?FJIJ,
5\13l5”f‘5"”%: BB -

ﬁ%‘]l Ly 7 F BT 8RR Test 6 [iu5# U cMlynarek et al. [16]
TBHHEJ gL’E%ﬁ’[Jﬂ 53RN (P (1) MR EY (Cake
build-up) ; (2) {r_ﬁjmﬁg %8 (Cake break) ; (3) AfWER: + H#3T
5 @) HEERRIF RS 5 (5) MR AR IR o F R
AN S B ) ﬁILJLI:ﬁEL%ﬁ:H UPIA 10 B o SRR
] S R T S R D A M TR T IR
fﬁ*i% (I [ AR T R o B FORIRT P YRS o B

FIPRATIE © 9 > U 10 B o Gk 4 BREg R
i%:iﬁgwqfﬁ%ﬁ][sﬁfmgm@ﬁ (e~ BTGP 3.9 x 107 m/s Z[|
HY 7 X9 2.03 x 107 m/s) » 5E T Fent PN R SR T RV
P FRTFS T A7) (9 - SRR AR A p ) G2 Wkl
FRERS 4 AR o SRy AR AR [ey T T S T e 5 R
) @Ei&ﬁ%ﬁ'g%?ﬁ“é ’ "E?IEIJK%%&?“%I%E?%FNE%EF
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51 #TT#HzE

R 11 ZArgs 4 S B~ B R T e
R Féﬂrﬁﬁﬁeﬁ (Tests 3~ 5) o = HeyE » | Fhkesd
TR pa of= ] R R R R PSRt e I - IS
P~ B0 S R T 7 PR BlE D Re aR
BRI 5.41 x 107~ 7.51 x 107~ 54.7 x 107 m/s > | g|i 7
FUPBIRAVET 7 2 o] s FEE R = 2.51 x 107
3.15x 107~ 7.56 x 107 m/s » (i 2 ~ 7 f - Fl[ﬂ*%fﬂfﬁaﬁ
PR T AR R E R TR IS R R
L FRT ERRE (S o P 9h > R H AR ﬁ& B 2
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» 1 |
| I |
25 4 Loss
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—&— 1L w/ sand-5mm

= = =Pure silt

System permeability, k x 107 (m/s)

0 2 4 6 8 10 12
Time elapsed, t x10% (min)
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100 ==—73L wio sand
—— 2L wio sand
—8— 1L wio sand
= = =Pure silt

System permeability, k x 10-7 (m/s)

Time elapsed, t x10? (min)

[l TL o T ) I R T

A5 7 B ERR N

System Permeability, k x 107 (m/s)

No. | Description
day0 | dayl | day2 | day3 | day4 | day5 | day6 | day7
i 2.03
2 Silt 3.90(3.45|332|3.03|2.58|2.26 | 2.11 |}
1L w/o 2.51
3 - 541518493 |431|3.52|2.63 254 ")
4 | LW lgsils52]5.08]4.82]4.53]4.06]3.51]31
sand (1.6)
3L wlo 7.56
5 o 54.7(49.5 1445|313 22.1 | 16.1 12,1 | 37
6 | MLwsand- o501 106]10.7]9.23]7.71]7.60 | 7.42 | 742
5 mm (3.7)
7 | 2Lwsand- a0 4041279195 13.8]9.53 832773
5 mm (3.8)
g | SLwisand- o3t 160 | 117 |88.5 | 664|702 | 61.4 |3
5 mm (26)
1L w/sand- 10.1
9 Omm | 179]604]457]393|322]229 126 5
jo | 2Lwsand- 0900714596 | 535 | 416|227 ] 58
10 mm (7.8)
1L w/sand- 11.3
11 (S| 709|123 |719]489]38.4 227 157 5
1L w/sand- 13.6
12 20 mm | 849 | 156 [86.3|64.7|53.6|44.9 273 | ()

() PIRETEF o HI T B g SR 4 s R P

52 T A#EmINEE
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RN AT Tamﬂ é FHOBE mrp T

Pl = R B E R~ Jj{ﬁlkaf”\@ﬂﬁ?%@"ﬁ?g Tef o Ik S
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Fﬁ%’?’i’?ﬁ (B PRISRpuE s -
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1000 == 3L w/ sand-5mm
—— 2L wi sand-5mm
—— 1L w/ sand-5mm

= = =Pure silt

System permeability, k x 107 (m/s)

Time elapsed, t x10* (min)

PR INE e SR e

10000 4 —— 1L wi sand-20mm

== 1L w/ sand-15mm
—— 1L w/ sand-10mm
—@—1L wf sand-5mm

- = —Pure silt

1000 2

System permeability, k x 107 (mi/s)

0 2 4 ] 8 10 12
Time elapsed, t x10° (min)

13 FUR AT T RIS T A i e
P R
10000 - —o— 1L wf sand-20mm

=t 2L wi sand-10mm
—0— 1L w/ sand-10mm
—#—2L w/ sand-5mm
% heee Pure silt
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} 5 10mm B

System permeability, k x 107 (m/s)

0 2 4 6 8 10 12
Time elapsed, t x10° (min)
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2EiEE LIRS IR T
1T B ARG W Fresh fHFIIRIRE ™ (hig ™ o

Pl) #oRET AT
(! H rﬁFI"J" 200 kPa L‘l’[!

; Sand-compressed

q%ﬂ' 15 Lo 1 aﬁ'

RLAFFTRE T T IR
PR
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compressed %y 1A 4 HIT’E#ZOO kPa - & o q%‘, 15 pu Iy

T PP TS D 1 R R T ) GBS
TS B (AR AT R o R

25 4

20

—e—Fresh

—Silt-compressed
== Sand-compressed

1

Transmissivity, 8 x 107 (m¥/s)
=]

100

150

Normal stress,o, (kPa)

1S AT A T

Jrgf'h

200

F 6 TRETAE T IR AR A R &”ﬁ?’ﬂ“p@n?%\'
Transmissivity,
0 x 107 (m?/
No.| Description DOOR . {m 75)
(A’) On= On= On= On= Onp=
0 kPa |50 kPa [100 kPa|150 kPa[200 kPa|
3 1L w/o 797.19| 6.10 | 5.17 | 461 | 418 | 3.94
sand
6 | 1Lwsand\osoerl 707 | 496 | 405 | 342 | 302
5 mm
o | Lwsand- | 5y o g5 | 570 | 446 | 392 | 346
10 mm
| Mbwsand- g ol 000 | 645 | 534 | 458 | 3.96
15 mm
1o | MLwsand- s 00l 90y | 683 | se1 | 482 | 425
20 mm
4| LW lso a7l 850 | 658 | 599 | 525 | 485
sand
7 | 2Lupwhsand- | o501 968 | 678 | 583 | 520 | 485
5 mm
1o | 2Lupwisand- | o0l 906 | 666 | 572 | 504 | 44s
10 mm
g4 | Hdownwio tysaa) g4 | 629 | 565 | 507 | 461
sand
7 2Ldown | 5 5e | 1073 | 846 | 720 | 648 | 581
w/sand-5 mm
10| 2hdown o 1073 | 815 | 683 | 614 | 539
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s | SLuwpwo el ss7 | as0 | 388 | 342 | 3.03
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g | Lupwhand- | oc ool g9 | 7.02 | 601 | 5.07 | 458
5 mm
s | 3Lmiddlew/o |00 151 906 | 693 | 570 | 490 | 435
sand
g | dLmiddle oot 007 | 825 | 7.5 | 637 | 557
w/sand-5 mm
s | 3Ldownwio | o6l 905 | 7.6 | 641 | 556 | 4.93
sand
8 SLidown 5550 9ug | 771 | 672 | 575 | s5.04
w/sand-5 mm
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T e 190 o PIRS Rl b ESERY T 1 BB RS
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[ sy BUR I FIF P ACT T p 4 S PRSI T R o

16 % 7 IR R E VM T T EEPT
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PV OB T FURTREER SV (Retrieved) {97
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f”ﬁiﬁliﬂ\ﬁiﬁﬁ?“ﬁ% =P 2 FF", » TR SRR [E ST
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FATEE TR AE T EUBIR e BRI I S
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P BN AE T 5 ﬂE”ﬁ@ﬂJ REERE L &A# s
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—x—Fresh
- -% - Sand-compressed
—— 1L w/ sand-20mm
=—t—1L w/ sand-15mm
15 Retrigw:
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x
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—

Effect of clogging

Transmissivity, 8 x 107 (m?/s)
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B %HWT@qWM ATl F R e
T o B B - AL T M T AT T
fE™ (Test3) H DOR &4 800% » ! fli e BEAR S i
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TR S 2 ﬁ%‘l' 17(b) SR8 T [T ol 5 S5
TREER VRS FHEE IR TR B B
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mwithout sand layer
797

800 Owith sand layer-Smm
—~
£ s 552
&

413

=1

400 4

237
200 106 148 12a 121
52 58 50
]

1 2-up 2-down 3-up 3-mid 3-down
Number of layers, N
(@) BT
1000 4
797
800 +
5 600
14
8
400 <
237
200 +
32 3 13
0+
i} 5 10 15 20

Sand layer thickness, t,(mm)
() TFEEETE R
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ORetrieved

eLing et al. (1993) 7
08

— kn=0.026xp(0.86¢;), Lambe & Whitman (1969)/ /
=== Kng=0.002(1+8,)* ™, Juarez-Babillo (1983) !

Permeability of geotextile, k., (cm/s)

50
Void ratio of geotextile, e,

B9 PRI T S R U

ty o TR
pro o T ERERY
ps 1 EREEHEY

0
Kng=— @)
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Eh
Kng @ BT aﬁ&i’i B
tg 0 BT ﬁ%ﬁ’“@@
FlER R afu@ T A% R L R E IR

B B U Ling etal. [17) -0 B s ER R
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ey I B e Fﬁ-ﬁ{ [ (unique relationship).

T WEREEE

SRR EE S ot 1%3- il
PRl

TR H

|iwwﬁ’7EW%ﬁIWﬂ*FEFﬁﬁ$,F?WP°

BRI ﬁ&ﬂ T PRI PRI o TR

o ﬁkFEFF%J AT R R IR A T Q;J/%ﬁn %

Wt (7 RS 'YF,FE‘,FJ/?I’I’#I R RSN o BaAT )

ﬁjrﬁ :

LOPEIE 7 BT o MR TS e
*F%’ﬁ"/ BEE o 2R BE TR PR BT R

A B A o

2 TR o R I R T T ] S
(796 ~70 ) » 2 BURR R SEE DB TR GY
PR B EPERY S A T I
32 Sip 26 A TS AU AS TSR S A R 1
i £ BV [ERETR TR 0 3R 6.4 ~ 240
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