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Application research of TRD as vertical barrier in a waste landfill
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Abstract: The effectiveness of trench cutting re-mixing deep wall (TRD) as vertical barrier in waste landfills remains
research interests concerning the design methodology, construction control points. This work, based on the final cover and
ecological restoration project of a landfill in a coastal plain region, evaluates the suitability of various types of vertical
barriers in accordance with the geological characteristics of the site. Subsequently, the work determines the final design
scheme employing TRD combined with high-pressure jet grouting piles (HIGP). The configuration includes a row of high-
pressure jet grouting pile (HIGP) with a 300 mm overlapping width between adjacent sections of TRD. Construction
parameters for TRD are established through trial wall-forming tests. The quality of TRD is assessed through in-situ reduced-
head water injection tests and laboratory tests on soil-cement block samples. The results of in-situ reduced-head water
injection tests show that the coefficient of permeability of TRD is from 1.13x1078 ¢cm/s to 6.67x1077 cm/s. Borehole samples
exhibit consistent sampling and uniform quality of TRD along the depth, with unconfined compression strength ranging
from 0.77 MPa to 1.76 MPa and coefficient of permeability from 1.61x107® cm/s to 9.96x1077 cm/s. Laboratory tests on
soil-cement blocks present unconfined compression strength ranging from 4.7 MPa to 23.1 MPa and coefficient of
permeability from 1.6x1078 cm/s to 9.0x10°® cm/s. These findings prove the satisfactory construction quality of TRD as

vertical barrier in coastal plain landfills, meeting the design specifications for landfill vertical barriers.

WS EE: 2023-12-26
EEWH: EXRARFEES (52178363) ; WHLAEKFRIINE (2022K166, 2023K195) .
EHENT: XRMH (2000 , 5, FCHMA, SLErRA, ETNFEGT RS HH M. E-mail: 1429574913@qq.com
SEEER: Rbek (1982—) , 5, WM, L, #%, FEAFEHERE LTRSS, E-mail: xiaobingxu@gxu.edu.cn.



533

XIJRBH, 5% TRD fE3E I 3% F3 7 7 BB 5 TRE T I N TR 7T 285

Key words: landfill; vertical barrier; TRD; unconfined compression strength; coefficient of permeability

0 51 &

bE 5 TR I T AR e, BEA AR TS b IR
SRR BRI IR T X . Dy 1 B R AR
PSR H I 3 e 1) SRR AT fE SRR ST R
MR H, EX A EI T A E . i
AR G 2 R AR P, P R v 2P AR B
MBS H, BIRTSHREGRY), 5
BB SR 3 R R PR B o 1 g SR OK AN
KB E G G, T AERS R G SRR, B
ARATEL R PAEM Y R P B fE Ja. R
SN A B, HA 3B 2BhibTs
P B A R 3% @ R R
LB B e B 2 s YT B A B,
FAEAEFEE P, [RS8 BHLE R Bl e R K
WA, A i B AR I R A — ANl ST 3 A
fe e s E],

BT, Amhiik PAEMyREEPEENAE
oy He B TR GRIE LR | BRI | KU 4
WERE . IRAEDIEEESE, R R B, HA ., B,
AN AL BB B TS S B 1. B ik H T
ML S U FERE B . - Bk
S, B RSN T IE BT, AR ROV S ERE N
GRS YRk B A TN R AR, %7V
EHVERT, 3E REURIEVARE )RS EAS [F] 47
T 1108 ~1x107 cm/s, (HHIEME R, Xl T
P ER MR EBY WERAR RE O] DU e e WA
BRPFIESR MRS, Forb sy He R mE ik B v 5 R FH AL AL
BHEL, FEFLH TN R KR A AR ) E A £
A, SR SR K Ve S TR IR AT
SR, M TI0E, HE T SRS, s
R A AEFE ST M2 SR P B ML )2
FEEFLI, & R EEN T2, R SRR
IR 2 B 24, A V& 1 3R TR & T
BB AR, B A — 5E 9 FE AN BT 5 M RE 1R 1 7K e
e, BEREORIEEEMEARA T 13107~
131075 cm/st®9, 7K T 458 P B8 i 1k 5 i %
JRAL B EAT R, AN R TR B
W, AR SRR, (FE i DR
B, ANIEAE 25t LU, MbE By 1555 FH AN
BRBE S AR BESEM KL, @ AR AT A 2
PR &N HE B A BB Y B e B I B s
FOORFEER, (H TIREEA R, BSR40

R R, il T T2 BRGNS

B P EIKYe L IESHE (Trench Cutting Re-
Mixing Deep Wall, TRD) & —Fffr 27K e i 54,
LA R B R SR FH A 8 ) LA B i A b2
SRIGVEACERE I HR H), B 25 3 V) Bl bR Rl
B, HPEEALHARRIFR BN, TEREH
— BRI IS I RE I 55 SR /K e RS . A
BT 551555, TRD JC75 AR I HE 17, i T
REER CHATE RS IR E L 90m) , TEEH
Mg GEH T L. Bt SRS Kt taE
HTFWERA . RS2, s gtk fy 211
B, BiEREOTIE 107 emys UM AL, B
Pt TR ASAESR /N TR R S, H AT, TRD
O 2 B T RS R /K MR AT A ] . S A1)
EERIUH R E AR o R B s I PR T
TRD {E A1 b7k B A4 o [ e e (1) iR i s, 485
AR TRD B FLICE SR 2 iy, B SIPERR AT
OFRBIE R BN 0.7x107°~0.9x107 cm/s,  HANFR
FEFRAL 2 RN, BRKPERELT s o R BT e s
Al 1.3~1.5 MPa, HANEREE AL Z F RN
XU 2507 A48 7 VR E % 61.5m () TRD 7£ 75 50K K
IKEFEGUHERS TREH TN, A8 I 4 SRR W RS
TRIBIE ZBOES] 100 cm/s, TSR IE 58 B 745 3
0.8 MPa, i 2 F 18 TFZHETR LK FE A B T 223K
T P ARAEUSOLRE E %R A0 TRD £/ & -
T T2 S AR Dy B e R KO 5 1 R T TR S
. HAT, TRD 745835 8 37 57 5 55 v i N
WAz . HARIEEA (TLAEFS) R TRD 7E4E
TR A TR TR R R KT 500 mm, 3%
ZHUNT 131070 enyst ™, EJESE) G5 AV IR A TR
DRI TRE, XL T TRD 5 XUCHEIR Z B+
KYek% (Cutter Soil-Mixing Wall, CSM) HIBh 545+,
ARI7T%E, 8 TRD WIEN 2. IRE. BiERHE
T & T X R 2% F, (HIRRE TR
ST S A SRR 4R

KR T HB IR MG H 58 & R AESBE
THE, WFF TRD fE ALK a7 I B pT 5 5 &
FHPERIRL P OR o A TR TP R X, JE
3y M A T P RS 25 B OB BT, A B VR
A T i R R 1 R B 5 Y R . A ST EH
BT LB IR TRD 6 B SRS %5 %
it T 7 RARIGAT I &5 R, 0 RS IA I 55
Bt A T EBA — 2 e RS ENE.



286 oo 4

2024 %5 B

1 TiE#tR

1.1 TGN

A BB S b TR SR JE T3 b R 3
B NAESBETREIE . 2 IREEY) 8 TiEE
VIR AR, PEON R ARTE, JLEE S SR
160 m, FEPHALMIFE N RIS EBR1% 1.3 km, FEAR
B SR B 2 600 m, JEIAIZHh Ay PRI AR
WE 1 PR, gy, -1, w i
110 7, BiHEES 330 000 m®, F 2009 £ 11 H
BRI NAE

ORI LA BT

JPEIX

/- T
B 1 AR XK EMENIRE

Fig. 1 Location and surroundings of a landfill
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Fig. 2 Layout plan of landfill division and boreholes
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Fig. 3 Anti-seepage structure
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Table 1 Physical and mechanical properties of soil layers
i Yok ZEE, BEy BRI o WEEM e THBERN K KTBERE W E4EE E/
h - m  (kN/m’) kPa ©) (cm/s) (cm/s) MPa
OFi+ WA 09~1.0 174 13.5 10.1 4.0x1076 2.8x1075 242
@1 R mys 1.7~5.6 17.1 14.2 10.0 6.8%1077 5.3%107 2.56
@ eI W 3.5~41 171 18.4 11.0 2.3x1073 3.2x1073 2.83
@5 b AR-RE% 1.0~23 154 11.6 26.0 3.2x1074 4.3%107* 4.50
@4 IR Y 29~55 174 15.1 11.0 6.1x1077 7.2x1077 2.70
@5 e W 157~18.7 165 10.6 8.5 5.4x1077 6.1x1077 1.92
@siNemE L W 3.1~109 17.6 15.3 10.9 3.0x1077 3.5%1077 2.93
G F+ T ¥H 1.7~58 18.1 26.2 11.3 3.6x1077 43x1077 441
G+t W 2.0~10.1 183 275 11.8 2.2x1076 2.8x1076 3.84
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Fig. 4 Typical geological profile
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Table 2 Quality requirements of vertical barrier
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Fig. 5 Profile of TRD vertical barrier
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Table 3 Construction parameters of TRD vertical barrier
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Fig. 7 On-site construction photo of TRD vertical barrier
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Fig. 8 On-site drilling and sealing
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Fig. 9 Photos of TRD borehole samples
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Fig. 10  Results of laboratory tests on TRD borehole samples

4.2 FEKIRLE

EEFLBUN SR 201~2709 %5 FLE3ET FALRE K
kKRS (il 11 B ME BB isrizgE &
B, HHOAEE NIRIG LS BRI, S7 8 IR AR B
SR ALK S R 12 fos, 45
RFRW: TRD T H B I FKF KR EEE R
BN 1.31x10°8~6.67x107 cov/s, AN 108 en/s &
%%, Hrh 709 FLEZEER T 1.31x10 8 eny/s, SAARLF]
2 ERK,



292 oo 4 H

2024 £ 5 B

43 AGREIRBRLE

KV R HR ) 5 P 6 1 A R T 3 LB B R
WARGREANISE R R — o i T I LI E
A3 03 Ak ik, /K TFFFY 28 d 5, HAF
56 /KR HH T IR MR Pk s B ke, 15 A
KU EARPGR AT UIRE 5 T 538 RE0R%, K+
R L H IR 13 Fos.

KV B ER ) T ) PR e s i B AR B D) R S
i ARG A R 14 Fios. B 14 (a) 5 1%
TRD B [75 55 i G0 BR $1 R 5 JE N 4.7 ~
23.1 MPa, 2 #ERY MEM KT 0.8 MPa 2
Ko B 14 (b) ZEREIR: TRD FEEBHBEE 158
ZHOH 1.589x1078~9.026x107° cm/s, I & a2
FE I 1077 em/s B EER o B FLBGE N W] 36k o
SN R RE LR R A B A P A R sh s, (K Hik
B e Stk LA B AR AN T 4%, X kU8 ik B
T M PR P 580 B AR B DI RE 2 35 R ORI 45 2
e R A7 1R 6 45 SR ) = R A

-

L06-17 1706-19 06
SFARUSER

0 1

E 11 TRD HRAIAMEK LKA
Fig. 11 In-situ reduced-head water injection test on TRD
vertical barrier

10*6,

VBIE U (cm/s)
>

-8 n n n n n n n n )

10 Z01 Z02 703 Z04 Z05 Z06 Z07 Z08 Z09
LS

B 12 [REFEKSKEKIRIEER

Fig. 12 Results of in-situ reduced-head water injection tests

L3

(b) BRI

B 13 ALY

Fig. 13 Soil-cement blocks and its cutting samples

FoM RIS /MPa

O 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56
KPR =

(a) FEMIPR TS50

107

1515 Z A (cn/s)

1078 ..........

DR B
(b) BERH

14 KRR IELER
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(2) HisE T AT TRD T H BB =5k
TR EBEEGISE AKFIEEE N 0.8 m/h, YIE|
RS TORBE I AR ALY 100 kg HIENFE IR
+, UIBER A K SR A EA 133, FIVIERE N
3.32m/h, WEIKAERIEE N 1.86 m/h, [ELIBIKIEE
BN 20%, KK 1, RAREEHEELS 6~
10 m/d, 351F 7 TRD 7EEEHEF i b X B+ Hb 2= )
it TG

(3) JEALFE K A K IR ER 45 R 215 REL
N 1.13x1078~6.67x1077 ecm/s; B FLEUE 6 45 R %
B]: TRD TEE PSR S RUY RUF B4 BT,
ARV IR BE 38— R, B BIWHIRRE, SOREL
MR PLE RN 0.77~1.76 MPa, HiBiE R¥HN
1.61x1078~9.96x107" cm/s; 7K Tk Hi i 45 Bk
. TCOPRGUE IR A 4.7~23.1 MPa, 515 251
INT 1x107 em/s. P ERTISE RE A TFE TRD
E LB VE 0 A2 b AR 7 B A R ) R R

SE

(1] VRN LS SR 79 i RO 1 T 7K 7 B R S B
B i) TREBS BT, 2022(14): 90-92.
PU Ye-feng. Analysis of the pollution law of landfill
leachate to groundwater and the seepage prevention
strategy[J]. Construction & Design for Project, 2022(14):
90-92.

(2] RZEWI, MBH. 2 o Sl i 3 A R o R = Y
BN KEIMIE KRR, 2020, 39(4): 99-104.
ZHU lJia-ming, YANG Yang. Econometric analysis on the
influencing factors of municipal solid waste in Anhui
Province[J]. Journal of Changchun Normal University,
2020, 39(4): 99-104.

(3] WHEEE. BUEA TS RV RIS B LB A R G T
PERERR FC[D]. B : LK%, 2008.

XIE Hai-jian. A study on contaminant transport in layered
media and the performance of landfill liner systems[D].
Hangzhou: Zhejiang University, 2008.

EEm, Was, MEE, % BKEREEAREIREMR
BRI Erh i TR A )] A i T Re,
2019, 35(2): 40-44.

WANG Zhi-gao, XIE Jin-liang, HAO Jian-qing, et al.
Engineering application of waterproof curtain technology
in the treatment of informal landfill[J]. Energy Saving of
Nonferrous Metallurgy, 2019, 35(2): 40-44.

FNE, EE, ), S AF S I BB A L
JRAFLI 37 v & A 5L 43 T [CD//2020 v [ RS R 2 2
SR EARES R ECGE R, b (hEZEARM
FIOEHERR)) T B A BRA ], 2020: 2644-2648.
WU Xiao-wen, WANG Feng, LI Xun, et al. Analysis of
the application of different types of vertical anti-seepage
curtains in solid waste landfills[C]//Proceedings of
Science and Technology Annual Conference of the
Chinese Society for Environmental Sciences in 2020
(Volume II). Beijing: Chinese Academic Journal (CD
Edition) Electronic Magazine Co., Ltd., 2020: 2644-2648.
FHENE. T LI 5 e e A Tt X T A SR o 8
FH[C)/rh IR Bl 52 45 2022 AERVFAHEARE S——
B TRESOR GRS N 7 23718 SR (). 2022:
368-370.

WANG Xu-xu. Application of vertical cut-off curtain to
sanitary landfill site in coastal area[C]//2022 Annual
Science and Technology Conference of the Chinese
Society for Environmental Sciences-Proceedings of
Environmental Engineering Technology Innovation and
Application Branch Field (II). 2022: 368-370.

MR, EPOR, Mgy, 5%, dEEPHA IR TR
7R R Y], S8 TR, 2013, 3138 T 1): 510-512,
584.

YE Sheng-hua, DAN Han-bo, TAO Ru-jun, et al.
Application of vertical anti-seepage in modern landfill[J].
Environmental Engineering, 2013, 31(S1): 510-512, 584.
KA, e, £RE MR ERE I REE
B35 WERE (KB 20 A (). FRBERL 2224, 2008, 28(5):
925-929.

ZHANG Wen-jie, CHEN Yun-min, ZHAN Liang-tong.
Transport of leachate through vertical curtain grouting in
landfills[J]. Acta Scientiae Circumstantiae, 2008, 28(5):
925-929.

WAEe, Areolml. SR MERE BB B A R T A b



294

o g

4b PR

2024 %5 B

[10]

[13]

[14]

[15]

W DA E g T N D). B B4 )E, 2003, 556
108-112.

DAI Wei-hua, YU lJi-yu. Application of curtain grouting
anti-seepage technology to Tianziling domestic waste
sanitary landfill field[J]. Nonferrous Metals, 2003, 55(S):
108-112.

ZESPRF, AR, XL 2 Sk AR AR I
Bz BRI ]. AR SBA, 2005, 27(6): 95-97.
LAN Shou-qi, XU Yong-fu, WANG Yan-ming.
Application of multi-drilled cement-soil mixing pile in
vertical anti-seepage of landfills[J]. Low Temperature
Architecture Technology, 2005, 27(6): 95-97.

. BRI B8 MR IR T dr o M B RE T A
JIE[D]. AU WK, 2011

LIU Wei. Service life of vertical cutoff walls for MSW
landfills and determination of its thickness[D]. Hangzhou:
Zhejiang University, 2011.

fRig L, #hAFL, X%, S5 RADIFIKYE - E L5,
(TRD){ESL R 54 a0 TR TP IR (7], 3R 4E 4,
2023, 53(10): 144-151.

XU Xiao-bing, HAN Xiao-fan, DENG Biao, et al.
Application of trench-cutting re-mixing deep-wall (TRD)
in a comprehensive renovation project of Ganjiang
River[J]. Building Structure, 2023, 53(10): 144-151.
BT = AR AR LR R A 5UE AR 7]
HFEARTFR, 2022, 49(22): 130-133.

ZHAO Guang-zhou. Application of three anti seepage
modes in the project at the downstream of Ganjiang
river[J]. Building Technology Development, 2022, 49(22):
130-133.

RIA. B O BEAI 5 B U EE SRR D
R R 2 LR E S 384 A
A AR B A 4 — S [EB/OL]. (2020-03-
20) [2023-12-24]. https://elaws.e-gov.go.jp/document?
lawid=352M50000102001.

Ministry of the Environment. Ministerial ordinance on
technical standards for final disposal places for general
waste and industrial waste: prime minister’s office-
ministry of health and welfare ordinance No. 1 of
1977[EB/OL].  (2020-03-20) [2023-12-24].
/lelaws.e-gov.go.jp/document?lawid=352M50000102001.
e, Bksk, 2, 55 TRD /KUE LB RE% 78 s
XURIEGT TR R RS AT, & TREER, 2014, 36(3
] 2): 222-226.

https:

(18]

(20]

(21]

WEI Xiang, LIANG Zhi-rong, LI Bo, et al. Application of
TRD cement-soil mixing wall in deep foundation pit
engineering in Wuhan area[J]. Chinese Journal of
Geotechnical Engineering, 2014, 36(S2): 222-226.

S, MAEH, ¥R, % TRD AR HE 2@ T
FEF R F] T LE AR, 2023, 52(14):
66-70.

WU Chao, ZHENG Xian-jun, JIANG Nan, et al.
Application research of TRD method in Wuhan rail transit
engineering[J]. Construction Technology, 2023, 52(14):
66-70.

XU X B, HU Q, HUANG T M, et al. Seepage failure of a
foundation pit with confined aquifer layers and its
reconstruction[J].
138: 106366.
FER, BERE. TRD Lik%EEKE LB R HR
5 TRESZED]. AL TRYR, 2012, 3408 H 1): 628-
633.

WANG Wei-dong, DI

Engineering Failure Analysis, 2022,

Guo-en. Technology and
engineering practice of cement-soil mixing wall with equal
thickness by TRD method[J].
Geotechnical Engineering, 2012, 34(S1): 628-633.
FBR, HHF, Bk 56 m & TRD TikfiFERETE
WS & K & KB b i B IR AT ST D). A e,
2014, 35(11): 3247-3252.

WANG Wei-dong, WENG Qi-ping, CHEN Yong-cai.

Chinese Journal of

Experimental investigation of construction of a 56 m deep
constant thickness cement-soil wall using trench cutting
re-mixing deep wall (TRD) method in deep aquifers[J].
Rock and Soil Mechanics, 2014, 35(11): 3247-3252.
EE, TEAR, BER. RiERZd TRD K
TR R AN S M 0], ROR TRE AR, 2015,
48(34F1) 2): 108-112.

HUANG Bing-de, WANG Wei-dong, DI Guo-en. Test and
analysis of strength of cement-soil wall constructed by
TRD method in soft soil of Shanghai[J]. China Civil
Engineering Journal, 2015, 48(S2): 108-112.

e N RIEATE T B A 2 e, AR i AR IR
Wi s+ TR AMTE: CIT 176—2012[S]. dbxi: &
IRl 2 S50 b H Rt 2012.

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Technical Code for

Geotechnical Engineering of Municipal Solid Waste

Sanitary Landfill: CJJ 176 —2012[S]. Beijing: China



3 1]

KRB, 55 TRD £33 % F 7 5 BB 5 TARE T AN TR 7T 295

Architecture & Building Press, 2012.

[22] e NERITANE M55 A 2 g i il, e N RIEAE

] o o i M B A B A R e R AR L R T A SR A A
HARRIE: GB 50869—2013[S]. dbxit: HETHRIH AR
#t, 2014,
Ministry of Housing and Urban-Rural Development of the
People’s Republic of China, General Administration of
Quality Supervision, Inspection and Quarantine of the
People’s Republic of China. Technical Code for Municipal
Solid Waste Sanitary Landfill: GB 50869 — 2013[S].
Beijing: China Planning Press, 2014.

(23] HEZKEEIER. ¥R 2 45 H 5 e i 3R R HEYE: DL/T
5425—2018[S]. dbat: [ H 7 kAL, 2019.
National Energy Administration. Technical Specification
for Deep Mixing Ground Treatment: DL/T 5425 —
2018[S]. Beijing: China Electric Power Press, 2019.

[24] e NERITANE M5 Ak 2 2 i, A TIHIK e 1
PSSR R AR JGI/T 303—2013[S]. db5: HEg
FTA H AL, 2014,

[ ]
EXTEMMBLIE (2024)

A TTREVESE (2024) #U5E T20244E10H
18—20HfEMUMAER L E AT, Ik, FHEZE
TRPSERE, TEET TR, FiAME
PORME TR E 22 8 TR s RS 2 B FHFUR R, (R
WA W2 BRMEB W . N 1 INsRER AL,
i e A B 5 18 e NS0 e 2 o e =
Tl TR R TR RIS, A TR e
I (2024) WIEEER “LilEE L TAEER" .
AREVAT, KRSZEBHRAAREREERS
AL TS E RFIABEHESM (LilE 1T

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Technical Specification for
Trench Cutting Re-Mixing Deep Wall: JGJ/T 303 —
2013[S]. Beijing: China Architecture & Building Press,
2014.

[25] e NERILANE A b5 ANk 2 @ it, [ 5K 7
SR . R R B 2 R RIS T bR GB/T
50081—2019[S]. Jbxai: = EER Tl ht:, 2019.
Ministry of Housing and Urban-Rural Development of the
People’s Republic of China, State Administration for
Market Regulation. Standard for Test Methods of Concrete
Physical and Mechanical Properties: GB/T 50081 —
2019[S]. Beijing: China Architecture & Building Press,
2019.

[26] He N R SLATE KRIES. K TS5 AR : SL/T
352—2020[S]. dbxT: HEKFZK L H R, 2021.
Ministry of Water Resources of the People’s Republic of
China. Test Code for Hydraulic Concrete: SL/T 352—
2020[S]. Beijing: China Water & Power Press, 2021.

Xi@atrTighitR (—S@H)

WritRe) o It b B SR o Rk H R
ALY EAL AT RS 5

£ E] ;
BN b A=
SWER:
BKEAN:

20244E10H18—20H C(18HIRFD
BUMAEZ 1L

il TR

KI5 o

(0571-88208775, xysong2020@163.com)

www.geo-forum.cn



