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Study on the Characteristics of Gravity Drainage for
Geotextiles by Model Tests

o] 3 3*- 4 5 wH*
Lee, Sang Ho - Kwon, Moo Nam

Summary

In order to investigate the characteristics of gravity drainage for geotextile, small-
scale model tests for the geotextile chimney drain of earth dam which is a typical
type of gravity drainage were carried out using 15 kinds of nonwoven and compos-
ite geotextiles. According to the results of this study, the drainage discharge of
geotextile drain generally increases with exponential function as hydraulic head in-
creases and the increasing rate is greater in the coarser soil of dam material. It has
a trend to increase when the construction slope of geotextile drain is steeper and
the number of layers of geotextile is more. The relationship between the transmissivi-
ty of geotextile and the drainage discharge has positive correlation and the rate of
increase is greater in the coarser soil. The géotextile products must be carefully se-
lected in consideration of transmissivity of geotextile when the soil to be drained is
coarser and the seepage flow is relatively high. Most of staple fiber nonwoven
geotextiles used in this study are found to be appropriate for drainage purpose.
Among them, the composite geotextile the type of which geonet is combined to
nonwoven geotextile composed of polyster and polypropylene staple fibers is evaluat-
ed to be the most excellent material. But the geotextiles of low permeability such as
filament thermal bonded and filament spunbonded nowovens closely examined their

transmissivity especially to be used for drainage function.

*AEYga g g 71 9)= : geotextile, drain, gravity drainage,
chimney drain, in-plane permeability,
transmissivity, drainage discharge,
nonwoven geotextile.
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Table-1. General specifications of geotextile samples

No. Sample name Polymer Element Type Bonding method
1 E/F-1
2 E/F-2 X Spunbonded
5 (a) E/F_3 PES. Filaments Nonwoven Needlepunching
4 E/F-4
5 (b) P/F-1 PP. Filaments Nonwoven | Thermal bonding
6 E/S-1
7 (c) E/S-2 PES. Staple fibers Nonwoven Needlepunching
8 E/S-3
9 P/S-1
10 (d) P/S-2 PP. Staple fibers Nonwoven Needlepunching
11 P/S-3
ii (e) giﬁz:; PES.+PP. Staple fibers Nonwoven Needlepunching
14 PP/C-1 PES.//PP. | Staple fibers Composite Needlepunching
) ‘ //8lit film yarn //Plain woven
15 PP/C-2 PES/+PP. | Staple fibers Composite Needlepunching
//PP. //Multifilament yarn //Net(Nassen)

* Sample names are different from the model name of geotextile products.

PES. : Polyester

PP. : Polypropylene
// . Composition

Table-2. Physical properties of geotextile

samples
Thickness, C‘gi'n‘:fela';ll:ane
No| Somle | Helmm) ) Weight Ko 10-em/)
name without| under (g/m?) under | under
loading | 2kN/m? 2kN/m?B0kN/m?
1] [EF-1| 22 | 16 | 2008 | 604 | 145
2| |E/F2| 23 | 17 | 2579 | 499 | 148
3| grs| s0 | 19 | 3083 | 442 | 054
4| |E/F-a| 35 | 24 | 3982 583 | 2.30
5| P/F-1] 25 | 18 | 3147 | 296 | 079
6/cc)| B/S-1] 35 | 18 | 2035 | 1717 | 482
7] |E/S2| 45 | 39 | 5751 | 1058 | 249
8| |E/s-3| 47 | 34 | 5676 | 938 | 274
ol p/s1] 44 | 33 | 4860 | 1252 | 412
10| |p/s2| 44 | 30 |5155] 933 | 221
1] |P/S-3| 53 | 39 | 7402 | 9.90 | 240
12] |EP/S-1| 58 | 36 | 3738 | 1532 | 292
13©|gp/s-2| 84 | 59 | 6367 | 1956 | 400
1] [PP/CI[ 54 | a4 6493 [ 1128 ] 215
15| |PP/C-2| 64 | 38 | 5953 | 3129 | 5.49

Table-3. Physical properties of soil sam-

ples
Ttem SS-1 SS-2 88-3
G, 2.60 2.62 2.69
ya(g/cm3) 1.62 144 | 150
k(em/sec) | '2.04x102 | 9.45x10°% | 4.87x 10
@) 44.8 40.5 20.4
c(kg/cmd) 0.04 008 | 024

LI(%) Nonplastic | Nonplastic | 352

PL(%) | Nonplastic | Nonplastic |  32.7

Soil
Classification

SW SP SC

* Soil samples are classified by unified soil classi-
fication system.

H 2 AR BoH 41 0 JEE
Table-3 2 Fig. 3¢} 32t}

24EYR A YUY
AERY L ALY 2edd g% FHu
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100
P
=
9% a
. /
oy 70 Symbol __ |Sample Name| Cu | Cc / /
< ° ° S§-1 1.48] 1.02 l /
5 60 hd hd $5-2 1.89] 1.28
H o———o[ 55.3 0.51] 3.28 | / I
2 50 Vi
g /
= 40
% ’g
3 3
g F A V]
o 20 =
h O] )
10
B0~
=y 0O N el N @ Qo ~N m < VorBN
8 § g §§§8§82 g g Egg%ég; (=] o © OOoOO0
S S © © CSooe

Grain diameter(mm)

Fig. 1. Particle size distribution curves of soil samples

Outlet

Geotextile / S: Angle of
construction slope

Prototype

Geotextile qp
Model
Fig. 2. Geometry of prototype and model for
a geotextile drain by gravity drain-
age-Chimney drain in an earth work

o] AYAHQA el =A &H(earth dam), 3}
HA P (levee) EL WZA (dike) Y HAF
F AAE 9% A wFgez TSR
Fig. 2& AAY FFH AAE 3t A
ANE SB FHE AU SEd 489 =
HE A Aoz ¢hHe 1UEg FRIHE
718t @Hel X & T (scale effect) = F-
A&t ok

7t AEEA|

AYFA & Fig. 37 @] nyx, EX ¥
9] o] Z 1] E} (piezometer) 2 FA AT 142

=

High water tank

® ® . ®
il

I_l' r_./ Ge.ptextilj

e L L L
® ® ®
Steel frame Geote)i(i)lg

\Steel wire mesh
Plexiglass plate with Holes
d=4.0, cte. 7.0

A-A
Section Section

B-B

Fig. 3. Layout of the experimental equip-
ment :

v 811 dA3ld FRERPL FZ2 A
sgon Exs P FHAZH 2 (plexi-
glass) & Alg3le 7lg, Az 2 gol7l 7%
80cm, 20cm ¥ 40cm =72 A ZsiQ). A
A} AslFE AAYL Fig. 3¢ ‘Section
A-A’s} Zo] BAFE £7E FFYHE /=
s A & FAE Aslg EYAZ
Y2 THE Fo] ER FEAHoH
&3 Hste AAHAS No. 150 2H & xx
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© (stainless stee) L& 719 EYAY F&&
BAH) A8 Bolz AHEHAT. Exe
AFHA = _L.TZZETH 28 FFUeE
e #ATE, ARFAE FAEEE 42
TFE AX3Aey ExY AeFFde F

Hd#(vinyl tube)& AZA3dH FzuHZ
AT,

Be 52 RH 14z2 FFH EZ
AFEez FYHI AANRZEoz IFEF
28 Agd W¢FE wet 4F3 do.

L Ay

AR Z2E & ARE 4899 93d
HHste 4 AeE2etd v #HS
AR E F230 X QHAEHY TFAHE E
A3 7 £&5-& AAHAT. 488 AL
dield ARE 7| XM S BA 3] 93
47t 014 T A F AMEY o™ AR
Yo AR GAEE FAH) A )

54 #9328 A70) dalo 25kg EFY

A7 (rammer) & A3t 13& 10cm F
Az Z Fwujgh 253 BE3le HEIFAC.
ANEY Fx7t B4 Ex9 APFE H
MABoez 931 AP Z(cramp)2 £ o
NEZE o] gt AANEHE AT 1A o]
} E3A)71E APEH 7 gadrh
AYEnrt da=d npx iE olf
g AFE FFE A AN H B
o] & Ui FdsHA AFE & UES &
208 AAY F AARY FF KFETE T
o f29E +%& W24 (messcyl-
inder)2 &43le] BEF §3F ¢, A
1 FAO ANEY AFS oz E e
FEE 23 5 JhE ALSAT
Table-4= 7} X2 El~Eld Algd f3 4
FEES Yeld Roloh RS} Zo] 75
+ bem, 15cm, 25cm, 35cm U] 2] 49@AI=
H3E Fon weFe EAHAAAEE
Giroud® o] @31 e 60°8 M F

Table-4. List of the experiments

. | Number | Construc-
Sampl@ name umper .ons ruc Key
of Layer| tion slope
Geotextile | Soil (sheets) ) factor
SS-3 3 60° STD
E/F-3
/ SS-1 3 30°,60°,90°| Slope
S5S-1 3 60°
(a) . STD
E/F-4 S5S-2 3 60
SS-2 2 30°,60°,90°| Slope
SS-2 | 24,6 60° Layer
(b)| P/F-1{ SS8-1 4 60° STD
SS-1 3 60°
ST,
E/S-1| SS-2 - 3 60° D
© SS-2 2 30°,60°,90°] Slope
E/S-2 | SS-2 2 60° STD
SS-3 2 60° STD
E/S-3
/ 5S8-1 3 30°,60°,90°| Slope
S5S-3 2 60° STD
P/S-1| SS-2 2 30°,60°,90°| Slope
SS-2 | 24,6, 60° Layer
SS-1 2 60°
d STD
(d) SS-2 2 60°
P/S-3 | SS-2 2 30°,60°,90°| Slope
SS-1 2,3,4 60° Layer
SS-2 2,4,6 60° Layer
SS-1 2 60°
EP/S-1 STD
@EP/S-1 oa o | & 60°
SS-1 2 60°
PP/C-1 STD
| / SS-2 2 60°
PP/C-2| SS-2 2 60° STD

* STD : Standard conditions as follows;
Number of layers : Correspondence to Hg~1lcm
Soil : SS-1, SS-2 or SS-3
Slope : 60 °
Hydraulic head . 4 steps (About  5cm, 15cm,
25cm and 35cm)

Ae lem WS EFo2 3ych AA A
E8 & A8 S5-1, SS-2 ¥ S-32 H}S
z9om & Fo| A€ 2EY ’\]Eﬁﬂ ™ 3
oAM= v M AAEE 30°, 60°,
90°2 ¥4 # & 23, 3%, 4%3, 673 Lo
2 93E U
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ZE 60°, FA& lem AEZ sl 2w
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F AEFEY HAFFA S 2kN/m?38lo) A
1.5cm/sec~1.7cm/sec2 €53 B7] wEo]
o o2 AA}e dE AFINE T
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ARz BAIGO] wjge] 433 B/ A
o2 eyt

T A g2t wjFo viata vt
AL REAA O] FFFE AAANREE 1)
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< &9 AFFETD A et wgaiy
oJE AFEL AAMARY FEFAFI 2X
10-%cm/sec J=9] ZPEY disld lem U
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BN FARE Aoz BadHy o) E w4
FY FFH e Ao el FAAGA,

100 <€) : Number of layers
ForS;Pl
0——0 :E/F-4(3)
0 e—e iE5ID

A——n 1 P/S-3(2)
A——a EP/S-1(2)

80 + o—a : PP/C-1(2) ' d
»—a :P/F-1(4)
V——vV : Sail only

70 For SS-2

0 |

LS :
50 | m--.w :PP/C-2(2) ¥
v

)’ For S5-3
40 L oweo :E/F-3(3) &
oo | E/5-3(2) M
Deemeen D P/S-1(2) o
A=A  Soil onl,
30 | 1l only -
ol / /
/.°/
g

0 5 10 15 20 25 30 35

P>eo

®0
Tmomm
IIBER
apll?
SARNBS
~LLL
CS

Flow rate, qo(cm®/sec/m)

10 +

0

Hydraulic head, 4h(cm)
Fig. 4. Flow rate vs. hydraulic head in the
conditions of S=60°, H,~1lem
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7z 44, AN 9 ez FEIHAC

2,

|

k

S W ol
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&9 ARTFLE 124 XF JYP3A FA
g £ on o] FAHe AR B3 o
HEo AoExEld AEE AMNAR @
Aglol AFFE AA A FES visF
g& 7IX I YA e EAE E/F-4 2
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A F g Aoz Yyehda Yo

T3 S5-17 SS-2 A8 W wjrFe
g 5371 3t AY vd 3
g2 WAslstd 20em W] FRAH HA
ey e oy AIgERl SS-3d A=
2 W3yt 433 BER3te] 15em W 9e
oA HF wl&E& Yeich SS-13
SS-201M9] AL FFEF7 wWE ALY
2eld 9] wiga &9 AR U3}
olay] dEos HAHH MYAE vias
Bol 3 SS-3949] HFEHE ALHA
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Aile Aoz FRA4s Zulde wWFE.
PRS0l ANARY E5A5HT 9%

7.0 ( () : Number of layers
For S8-1 For SS-2
0—-0 :E/F-4(3) XTI o E/F-4(3)
60 b e—e :E/S1(3) e !E/S-1(3)
o a——A 1 P/S-3(2) A 1 P/S-3(2)
S A—aA EP/S-1(2) A :EP/S-1(2)
3 o—a :PP/C-1(2) wnen D PP/C-1(2)
§—- 50 - " " I P/F-1(4) LRI s :PP/C-2(2)
&0 g : For 55-3
"6 o & ——¢  Soil only O rememe o :E/F-3(3)
=} [ T e (E/5-3(2)
z 3 A-en DP/S1(2)
83 40 s
':; &
o
)
c & 3.0
E § B 4 P
b
®
=5
% 8 201
L
3
1.0 +
0.0 1 L 1 1 1 1 )

Hydraulic head, 4h(cm)

Fig. 5. Ratio of drainage vs. hydraulic head
in the conditions of $=60°, H,~1lcm

3] gob WlSgol Frksh} A7te] Akl
G} wAE YAgel N eErEde B2e
WA g Asd Roz B

2. MAT} ehSae] A

Fig. 6& i3l ¥4 FAZ A4s A
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AEEE SAIE Aot}
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120 ¢ Hg=1cm, 4h=35cm
O : For SS-1(K¢=2.04 x 10-2cm/sec)
100 L ® : For SS-2(K¢=9.45 x 10~ 3cm/sec)
A @ For SS-3(K,=4.87 x 10~ %cm/sec)
L
8 r [e]
=
] ©
)
& 60 °
g
£
2 a0 |
fry
20 ‘*/00—-*'"
0 I + 1 1

0.0 0.2 0.4 0.6 0.8 1.0 1.2
“Transmissivity, ©(cm?/sec)

Fig. 6. Flow rate vs. transmissivity in the
conditions of S=60°, H,~1lem
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