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Table 1  Soil particle composition and characteristic particle size
- Jii 55320 Mass fraction/%

e i %ﬁiﬁl a‘ss Taction ‘o do  de du

Soil B VA iy A WA jum /um /um
Clay Silt Sand

¥t Silty loam 6.59 84.87 8.54 293 185 4634

Wit Silty sand loam  3.36 69.39 2725 551 383 83.72
W diov deo T doo /N TAZRARAE A LI RURLAA AR5 5 L2300 10%.
60%F1 90%. T,

Note: do, deo, and dog indicate soil particle content smaller than these particle
sizes of 10%, 60%, and 90%, respectively. Same below.
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Table 2 Geotextile physical parameters

% i B SRR BIEAK
Plan Mass  Thickness Effective aperture Permeability
/(g-m?) /mm Ogo/um coefficient/(cm-s™)
A50/N50 50 0.28 360 5.6x107
A68/N68 68 0.35 230 4.4x107
A90/N90 90 0.38 180 3.6x107
AI20/N120 120 0.48 120 4.5%x107

Ee TR ANRERE, NREDH T, BRI B IR
Note: In plan, A represents silty loam, N represents silty sand loam, and the
number indicates the quality of the geotextile unit area.
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Fig.3 Flow change process of silty loam and silty sand loam
under the protection of geotextiles of different specifications
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Table 3 Results of multiple regression analysis

X1 X2 X3 X4
e FIATTRE R FE hmRs L WERRE L WERER L WERER
Plan Regression equations Fvalue  gandard Standard Standard Standard
) t value N t value ) t value ) t value
coefficients coefficients coefficients coefficients
Y=0.231x;-0.155x,+0.763x;3 % * * * *
N68 +0.553x4+4.130 0.97 513 0.335 6.597 -0.215 -2.726 0.841 41.165 0.633 29.033
A90  ¥=0.215x;+0.102x,+0.889x3+0.637x4-0.866  0.96 293* 0.297 7.668%* 0.148 1.398 0.891 46.36* 0.775 26.035*
A120 Y=-0.039x,+0.027,+0.353x3+0.718x4+6.366  0.99 1 589* -0.171 -4.675* 0.112 3.923%* 0.584  23.44* 0.873 58.631*

W *P<0.05 (65 NSIED) + xiv xon x3 A xg 22BN EJE 10emy HJZ Semy FJ2 8 em HIEAI L TATIEE REURRE, %:; Y WIRERRE, %.

Note: *P<0.05 (65 measured values); xi, X2, x3, and x4 are the residual degree of permeability coefficient of upper 10 cm, middle 5 cm and lower 8 cm soil and geotextile

respectively, %; Y is drainage flow residual, %.
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Table 4 Soil loss and geotextile clogging

YIS LT ERE TRk B T AR
Plan Geotextile thickness/mm Soil loss/g Geotextile clogging/g
A50 0.28 1.97 0.88

A68 0.35 1.88 0.97

A90 0.38 1.56 0.53

A120 0.48 0.87 1.44

N50 0.28 1.67 1.51

N68 0.35 1.73 1.09

N90 0.38 1.04 1.68

N120 0.48 0.59 1.81
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Table 5 Soil particle size analysis results within 0-3 mm above
the geotextile

% R 4L Mass fraction/% doo/pm dso AR
Plan ik Clay  #pkisile ki Sand Amplitude of duo/%
A50  5.09+0.37° 79.81+0.63° 15.10£0.32° 52.25 12.76
A68 5.19+027° 8133+0.55° 13.48+0.45° 51.33 10.77
A90  4.92+021° 76.72+0.419 18.36+0.75° 55.82 20.46
A120 6.93£0.24" 85.64+0.74" 7.43+0.66° 45.63 -1.53
N50 3.33+0.32° 69.10+0.43" 27.57+1.26° 84.76 1.24
N68 2.45+0.41° 62.17+0.95° 3538+0.81° 101.31 21.01
N90 2.71+0.31" 65.67+0.67™ 31.62+0.77" 90.93 8.61
NI120 2.53+0.22° 67.20£0.71° 30.27+0.69° 89.13 6.46

T ARNG FRERRANIF T RAE 0.05 K TFEF R .
Note: Different lowercase letters indicate significant differences of different plans at
the 0.05 level.

3 1
LRI 2 K s T R A iER, B
LR L KRR AR gt s, HE
WA ESREAEAS KK, BRAER T 300k [F A
SRAEFIE . BREMPLIEEERIT AN HAMH, &2



274 My TFESHR (http://www.tcsae.org)

2023 4F

- 158 B O JURE EE T HE B RN FLBR 3 78 I R LA BB 5 K
W, I IERALBR B R S B IENE T . BEE BURLIE
et RERHERE, 2R 2 A SR EORLE K TE
NI, LB Je 5 gk 5 ez @ LI 3R
WAL E T E SN A oy, Mm@kt +
B DA o R A A g by, R I AT 4
R PR TR I R iR e T2 2, IR - AT BT R
B KR A, AR s N R RN
BRI REEHS LEBEERR TR, %
FE B S - BB I 45 M R OB IE R 1 2IA I TORAS, e LA
TEBTAE N4k de sy, dkimF R R AR 135 M0k 5 HE
FANFLIGHE 7P - 3 HURE B A0 - T A 8 5 R
A EE KV R e iR K R BT, ISR
SERIA B FURAS K AE i 5 RS HE KR B R BE, 7RI il
CEONL T, RAHKREREIH T “Reig” %,

G0 R ' W 1 i 10 S <TI0 VA 11 T VA
T, A A VE AT A 2 b T AR 2R T R R R A TR
&, PR £ R L FCRGLESS 5 HEL “BRIE” IR . M
WO N - bR i A A5 L BRI R S AR AR 1) - RS
T4 ) A BRAIE R 50 B ] P9 4 S B 0

TR BT, KR R I i AR A A 2 S AL
FLAREKI T Ry T05 S AS0 A1 A68 BT EAK T
A90, Wbk tJ7EH NSO [ EIRT N68. AS0 Fl A68
[ Ogoldoo 1551179 7.8 F1 5.0, i KAIZEFLIZ S B4
N T E K i B A R ) R R AR A, TRl
HR I BB K RCRANT A90.N50 - TATHE A 4555051
BRI RR R TER E, (HEEER AR, '
Wy b R DR SR RN E T B A R LU E R, AT
R b T AR .

t T H A g B AR PR, X LA B A
N IR T B BT B B B, AW A
PR RS T R+ TATBIE T “geig” L5t
T 0T IA%E DAJG 15 Bh R /s i S R AR 1z B S idk
TR Z IR IIHEF o

4 2 it

1) AFXEWAh b5, AR - A 2 B PR K AT S
VEREEAEE . TP R, 50, 90 A1 120 g/m* +
A H IR KRR FE R s % TR R, 120 g/im?
b AR R AT SR R .

2) b TAT A R LAR AN R B i S it P 4 R
IRE ST SRk ALAR AN R 35 438 1 b A e % Ve oy
BEISVRIE RS T R IR R A TR M R 2 =
KV e ST A, AR RE AR AR H 1) T %
FBCRFLBR R L TAT, 50 5 S 50UH T 1 8% K 4L
FRRORL R AR, BRI K e

3) “Dplg” GO RJE R EES TR gL T
Z B BURL B A IE R SR B s AR A . LA AT
I I O G E 1) 7 S R 23 b g kv e AR
TR TR 5 T 2 SR KB R 5

4) I “Beig” BRI TT R Re 8 AL BRI )

TRAEFE BT, H A2 TAT EJ7 3 do (. N Tk
AR A IR 0 B0 90%) WIRHE K, KWl
“OpIE” PLGOR AT IR T A ANE R R S R AR
AT

5) MWANFE L TATRI K DERE ) LoRE, TR
5 4 DX DM S B TR A 68 g/m?” I A
SRR I DR - 5 5 S T AR R 90 g/m (9 T
A 22 18] (RIS B et o

(& £ x #

(11 FEAEd, VR, FREEEE, S8 A HERDTHEKSORBT T LR
D). HEENU TFE2A4R, 2014, 32(4): 343-349.
WANG Shaoli, XU Di, CHEN Haorui, et al. Review on
research of farmland drainage technology[J]. Journal of
Drainage and Irrigation Machinery Engineering, 2014, 32(4):
343-349. (in Chinese with English abstract)

2] WA, SEF. KREEBUREIRHERED]. ARREY
i, 2022, 31(4): 12-30.

E Youhao, MA Yuping. Advances in research on cropland
waterlogging disaster[J]. Journal of Natural Disasters, 2022,
31(4): 12-30. (in Chinese with English abstract)

3] FARB, FEF, EIRE, & OEEX ARSI EN R

JE ER TR - 3K EAE B M 0], ROk TRESAR, 2020,
36(10): 116-123.
ZHOU Liying, LI Ruiping, MIAO Qingfeng, et al. Effects of
different sand ratios on infiltration and water-salt movement
of heavy saline-alkali soil in Hetao irrigation area[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2020, 36(10):
116-123. (in Chinese with English abstract)

[4] kKR, EFRL, KRR, 5 WEEREELE R
KB ERPEPANT]. Ol T2 4R, 2022, 38(1): 158-168
ZHANG Meien, WANG Chunyi, SONG Yanling, et al. Risk
assessment of summer peanut drought and waterlogging
disaster during growth periods in Henan Province of Chinal[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2022, 38(1):
158-168. (in Chinese with English abstract)

[5] &, E4HE, TR, & FREREHKEAR R R
PR SR, P EAESLZER, 2021, 29(4): 633-639.
TAN Pan, WANG Shichao, FU Tonggang, et al
Development history, present situation, and the prospect of
subsurface drainage technology in China[J]. Chinese Journal
of Eco-Agriculture, 2021, 29(4): 633-639. (in Chinese with
English abstract)

(6] FI 4, T, B, 25 BEEHOKBA TG # Eh i mr
FBERRT]. BEBHEK 2R, 2022, 41(Supp. 2): 45-51.
YIN Guangsheng, WANG Xiang, CHEN Chong, et al.
Review of subsurface drains on the control of saline-alkali
land[J]. Journal of Irrigation and Drainage, 2022, 41(Supp. 2):
45-51. (in Chinese with English abstract)

(71 EAW, FiR, PP, % KEAGIREEHKRS68
FIETHT]. ARl TRE2EHR, 2022, 38(4): 99-104.
WANG Shaoli, LI Yinong, TAO Yuan, et al. Capacity
improvement of solar photovoltaic subsurface pipe drainage

system[J]. Transactions of the Chinese Society of



2 3]

[ SULSECH

FF PR 5 AR A AR SR R R

275

[10]

(1]

[12]

[13]

[16]

[17]

Agricultural Engineering (Transactions of the CSAE), 2022,
38(4): 99-104. (in Chinese with English abstract)
GHANE E, DIALAMEH B, ABDALAAL Y,
Knitted-sock geotextile envelopes increase drain inflow in
subsurface  drainage systems[J]. Agricultural Water
Management, 2022, 274: 107939.

Mraatk, BAA, B0, %5 ML TR E AR A
TAKRERIBBMA]. R TR, 2020, 36(2): 130-139.
CHEN Mingyuan, HUANG Jiesheng, ZENG Wenzhi, et al.
Characteristics of water and salt transport in subsurface pipes
with
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2020, 36(2):
130-139. (in Chinese with English abstract)
YANNOPOULOS S I, GRISMER M E, BALI K M, et al.
Evolution of the materials and methods used for subsurface
drainage of agricultural lands from antiquity to the present[J].
Water, 2020, 12(6): 1767.

BAHCECI I, NACAR A S, TOPALHASAN L, et al. A new
drainpipe—envelope concept for subsurface drainage systems

et al.

geotextiles under salt  dischargeconditions[J].

in irrigated agriculture[J].
67(supp. ): 40-50.

DU C, XU C, YANG Y, et al. Filtration performance of
nonwoven geotextile filtering fine-grained soil under normal
compressive stresses[J]. Applied Sciences, 2022, 12(24):
12638.

NIEC J, SPYCHALA M, MAZURKIEWICZ J. Septic tank
effluent pretreatment using different filter materials as a
prevention from clogging[J].
Engineering, 2016, 19(1): 15-25
STUYT L, DIERICKX W. Design and performance of
materials for subsurface drainage systems in agriculture[J].
Agricultural Water Management, 2006, 86(1/2): 50-59.
Prate,  XUERGR, ROCH,  SF ILHEARRNEX A& /NP
B AR AR 2 AR [T]. K B, 2022, 41(6):
121-130.

CHEN lJinhua, LIU Ruina, WU Wen’ge, et al. Spatiotemporal
variation of climate-induced waterlogging for winter wheat in

Irrigation & Drainage, 2018,

Environment Protection

Jianghuai Region[J]. Journal of Irrigation and Drainage, 2022,
41(6): 121-130. (in Chinese with English abstract)

FRCRY, BEOH, AEARER, S ORI ME L
R OK R T LA AR R D], ARk TR AR
2022, 38(2): 87-94.

WANG Chengyu, MU Li, LI Senyu, et al. Effects of water
redundancy stress at the jointing stage on the yield formation
mechanism of summer maize in Huaibei Plain of China[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2022, 38(2): 87-94.
(in Chinese with English abstract)

EME, LS, b, 7R i o R E K R ROR
BFFE[I). TE RS, 2021, 42(4): 456-462.

WANG Yan, TIAN Shengchang, ZUO Zhong. Research of
desalting effect of improved underground drainage pipe in
saline-alkali soil of Ningxia[J]. Journal of Ningxia University,
2021, 42(4): 456-462. (in Chinese with English abstract)
RIT, RHG. LIRS R KA E MR ],
BeER, 2019, 56(1): 227-241.

[19]

[20]

[21]

[24]

[26]

WU Kening, ZHAO Rui. Soil texture classification and its
application in China[J]. Acta Pedologica Sinica, 2019, 56(1):
227-241. (in Chinese with English abstract)

OJAGHLOU H, SOHRABI T, RAHIMI H, et al. Laboratory
study of the soil clay percent influence on the need for
subsurface drainage system envelopes[C]/ 9th World
Congress of the International Commission of Agricultural
Engineering. Quebec, Canada:
Agricultural and Biological Engineers, 2010.

IREe, MWTE, RGN S WEREX N EK R E S
AR 1 IR BT ST [T]. REME K AR, 2022, 41(4):
141-148.

HU Lingling, YANG Shuqing, LIANG Zhihang, et al. An
experimental study on wrapping materials of subsurface drain
for farmland in the downstream Hetao Irrigation District[J].
Journal of Irrigation and Drainage, 2022, 41(4): 141-148. (in
Chinese with English abstract)

A, TN, T, 25 FEFEEKER K AR
KB A B R AR IR 7). FI KR, 2022(11):
18-25.

LI Jie, WANG Hongyu, WANG Ya, et al. An Experimental
investigation of envelopes filter material based on reuse of
returned water from subsurface drainage tubing[J]. Water
Saving Irrigation, 2022(11): 18-25. (in Chinese with English
abstract)

XUSCH, Bk, FTUBAE, S PR AN E K L A
AMUIERL RIS AL [I]. R TR, 2013, 29(18):
109-116.

LIU Wenlong, LUO Wan, JIA Zhonghua, et al.
Experimental study on geotextile envelope for subsurface
drainage in Yellow River Delta[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions
of the CSAE), 2013, 29(18): 109-116. (in Chinese with
English abstract)

RER, T/, MEE, & TERIGEXHDKEE LT
A SMERHE K SR EPERED]. Al TRE2A 4R, 2021,
37(8): 68-75.

RONG Zhen, WANG Shaoli, HAO Ruixia, et al.
Permeability and anti-clogging performance of geotextile
envelope material around subsurface drainage pipe in Yinbei

American Society of

Irrigation District in Ningxia[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2021, 37(8): 68-75. (in Chinese with English
abstract)

KALORE S A, SIVAKUMAR B G. Improved design criteria
for nonwoven geotextile filters with internally stable and
unstable soils[J]. Geotextiles and Geomembranes, 2022,
50(6): 1120-1134.

RER. B AMURRE K S Pk R IR AT 7T [D]. K-
RIFE TR, 2021.

RONG Zhen. Experimental Research on Permeability and
Anti-Clogging Performance of Envelope Material Around
Drainage Tube[D]. Taiyuan: Taiyuan University of
Technology, 2021. (in Chinese with English abstract)
WEGGEL J R, WARD N D. A model for filter cake
formation on geotextiles: Theory[J].
Geomembranes, 2012, 31(4): 51-61.

Geotextiles and



276 Ak TR (http://www.tcsae.org) 2023 &

[27] LI G, WEST A J, DENSMORE A L, et al. Connectivity of wide-grading soils with particles migration[J]. Rock and Soil
earthquake-triggered landslides with the fluvial network: Mechanics, 2021, 42(1): 125-134. (in Chinese with English
Implications for landslide sediment transport after the 2008 abstract)

Wenchuan earthquake[J]. Journal of Geophysical Research: [30] TCHISTIAKOV A A, KOTTSOVA A K, SHVALYUKEV,
Earth Surface, 2016, 121(4): 703-724. et al. Physico-chemical factors of clay particle migration and

[28] ZHANG S, ZHANG L M, CHEN H X. Relationships among formation damage[J]. Moscow University Geology Bulletin,
three repeated large-scale debris flows at Pubugou Ravine in 2022, 77(5): 552-558.
the Wenchuan earthquake zone[J]. Canadian Geotechnical [31] ANNAPAREDDY V S R, SUFIAN A, BORE T, et al. Spatial
Journal, 2014, 51(9): 951-965. and temporal evolution of particle migration in gap-graded

[29] ZkZR, JraidE, XRT, £ PRGTRAER T AR L3 granular soils: Insights from experimental observations[J].
BRI, B %, 2021, 42(1): 125-134. Journal of Geotechnical and Geoenvironmental Engineering,
ZHU Qin, SU Lijun, LIU Zhenyu, et al. Study of seepage in 2023, 149(3): 04022135.

Comparative test on the anti-filtration effect of geotextile envelope
material around subsurface drainage pipe using two kinds of soil

ZHANG Ying'ao!, WANG Shaoli?, HAO Ruixia'*, RONG Zhen®

(1. College of Water Resource Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Department of
Irrigation and Drainage, China Institute of Water Resources and Hydropower Research, Beijing 100048, China; 3. Powerchina Huadong
Engineering Corporation Limited, Hangzhou 311122, China)

Abstract: Geotextiles are widely used as drainage pipe envelope materials in the construction of modern farmland drainage
systems, due to the many product series, stable performance, and convenient transportation. Furthermore, the complex and
diverse soil conditions have gradually promoted the mechanized manufacturing technology of subsurface drainage pipes in
China. However, the unreasonable selection of geotextiles can lead to serious blockages of subsurface drainage pipes in many
irrigation areas, and even premature loss of drainage functions. Therefore, it is urgent to select the geotextiles suitable for the
local soil characteristics in the construction of farmland subsurface drainage engineering. The drainage pipe blockage can be
effectively prevented while maintaining relatively stable water permeability. In this study, a systematic comparison was
conducted to clarify the anti-filtration effect of geotextile envelope material around subsurface drainage pipes. An indoor
hydraulic permeability test was also carried out using four kinds of hot-melt spun-bonded nonwoven geotextiles. Two kinds of
soil samples were collected from Bengbu City, Anhui Province, and Pingluo County, Ningxia Hui Autonomous Region, China.
The drainage flow, soil, and geotextile permeability were measured on the two kinds of soil samples under different geotextile
protection measures. The permeability and anti-clogging performance of different geotextiles were then evaluated to analyze
the drainage flow that increased with time (referred to as “hump”) from the perspective of particle migration. The test results
showed that the infiltration water flow induced the soil particles to rearrange, and then fill the pores in the early stage of
drainage, particularly after the subsurface drainage pipe was laid and the soil was backfilled. Subsequently, the permeability of
soil and geotextiles was reduced significantly, leading to a decrease in the drainage flow, as the soil compactness and the
gradual silting of geotextiles increased with time. With the advancement of the test process, the geotextile suitable for the soil
was discharged with the fine particles (such as the clay and powder particles) through particle screening, whereas, some coarse
particles (such as sand particles) were intercepted with the fabric pores. As such, a well-permeable soil permeable skeleton was
gradually formed around the drainage pipe, which in turn triggered the rise of drainage flow. At the same time, the test found
that the equivalent pore size of geotextile failed to measure the permeability performance. Specifically, the equivalent pore size
of the geotextile was too large to easily make the soil skeleton with the sand, as the construction material was damaged,
causing the drainage flow. Excellent adaptability between the soil and geotextiles was observed in the silty sand loam in the
Pingluo area of Ningxia and geotextiles with a mass of 68 g per unit area, while the silty loam in the Bengbu area of Anhui and
geotextiles with a mass of 90 g per unit area. The characteristic particle size (dyy) of soil above the geotextile increased by
more than 20%, compared with the original soil. In addition, the experiment also successfully verified whether the soil and
geotextile fit well, according to the “hump” phenomenon. Once the "hump" phenomenon occurred, it infers that the drainage
system maintained the higher permeability for a long time, indicating the better water permeability and anti-sedimentation
performance of geotextile. It was different from the continuous decline of the drainage flow caused by the geotextile siltation.
Consequently, the geotextiles can be expected to screen the soil characteristics in the two target areas. The findings can provide
a theoretical basis and technical support to optimize the subsurface drainage pipe envelope materials in similar irrigation areas.

Keywords: subsurface drainage; geotextiles; soil properties; permeability; anti-clogging; particle migration
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