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Comparative Analysis of the Application of Grid Room and Grid at the
Junction of Roadbed Widening and Filling and Excavation

FU Bilong', JIA Yue®, LIU Fengling’
(1. Guangdong Guanghui Expressway Co. ,Ltd. , Expansion Management Office Guangzhou, Guangzhou, Guangdong 510623, China;
2. School of High Engineering Chang'an University, Xi'an, Shaanxi 710064, China)

Abstract; Given the pressing need for reconstruction and expansion projects to alleviate ever-increasing traffic pressure,
a systematic investigation into the reinforcement performance of geocells and geogrids under various working conditions is
imperative, as current comparisons of their reinforcement effects remain inadequate. The physical and mechanical param-
eters of the soil were determined through triaxial compression tests, and subgrade models corresponding to different work-
ing conditions were established using the finite element software Abaqus to conduct a comparative analysis of settlement
and lateral displacement. The results are as follows. Both geocells and geogrids can effectively reduce subgrade settle-
ment and lateral displacement under various working conditions. Under the condition of a 10m fill height, the reinforce-
ment effect of the geogrid is relatively weak , whereas the geocell still demonstrates good reinforcement performance. Un-
der the longitudinal cut-and-fill transition condition, reinforcement in the middle and bottom layers has little effect on set-
tlement, while reinforcement in the top layer has a significant impact; moreover, a greater number of top reinforcement
layers leads to better reinforcement effects. The tensile strength of the geogrid also influences the soil reinforcement
effect, specifically, the higher the tensile strength, the more significant the reinforcement effect on the soil. The rein-
forcement mechanisms of geocells and geogrids under different working conditions were elucidated, providing a theoretical
basis and technical support for the design and construction of practical engineering projects.
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K078 B #1:2025-10-10 &8 B #1:2026-02-28

EEWE . By @£ (SIFY-2024-019-001)

PEB R AT (1990—) , 53, AR, T2 A s N B B P TR . E-mail :309314152@ qq. com
BEAEE B 5 (2001—) , 53 B LIRS0 AR, DR 5 1) 9 £ A% % o E-mail :915885209@ qq. com



98 KA 5 R TR 24

W24 %

B2 20 KR R, AS3E Y, A v
OB TEVE TGRS AT SR, BB S R ik
FETARAZ DR T BRI, B IH B AL A 22 S0
W 5 % i B TR T 285 485 4 2, B o 2 B 55 T
R R ) BT, 6 35 335 10 o [ 7 2K B M i o
BIEPF S RN E R 2 E, TR ER =
AEFARAR 25454, Sl W R BRI B M R L
(HDPE) J 285 5 S0 i 0 i fof 24
JETE A TR S INAT J2 I, 4% 28 77 A 0 1) Bl T 400 )
AASTE o PRI 22 ST AR 9 24 R R 3 KT )32 o T
T Bk DL % TR R Y TR
I SRR IR T R AW 2 I S T
) A IR DR B8 E AT — R 6 B 1) = 4 ST R R A
A1 S 5 MM 45 R ] £ R 2 B g
BRI TN AT, PR B 2 P SE 3, b T
EEE, 32 B T2 B Bk B L 3 10 B 3 5
T

UTAESR , K2 F WIS T+ TH % 15 1 T
ARG B T A A 10 T, 8 25 3 3 R TR0 B AR A7
ARSI T 28 b TS 2 10 8 1) SR LR TR I
REA Ak A RGP T I 5 5 AR LI, LI ARG I 18 i 77
PR JE IR TT A8 o 7k B 4T e o i e s T
R 4 TAR 5 A FR 22 MR SE] T - TR 2 N A
BESEAEAR ST T R S24T 0, 32 7 T
BN B TR, ST TR vk kT B b
DN B SE IR AT FE T A ) B R BE 30 3 W B4
1iE, B0 UE T+ AR SN D5 i, T b N B i 4R
i Ae . F T 4R R R R 5
HIRG 14 Tk 22 HEA TR IR BRI S PR T U0 E 1 Bl
W, G IR AT T L, TR R A
BT B0 1 BE T AR , e R BE S R A T
WA I UL desr T — A% e A7 R
31 8% b RS A i 249 5 LA B s Sz ik AR5 1Y T
A M 75 90 R 2ot [T A B 15k 8 T A
Ak T - AR B i) 24 ot - A [l 38 e 5 K
ST RIS, A3 BT T 4% 5 R 25 0 B i - A5
AR . % R e AR A BT
VX M b P T SR TR B A 1 A
SEBEATREBLOAT , UE I T RS A A S % e 1 K T

G B SR 1) 7 7 2 Bk 25 SRR O S0, L
SRS IZ B R 25 5 2 /N T B 0 10 22 S 0
W TE 2R X e b e i N R B
YEHEFT— RIS X 00 2 W], TE4H S8 BRI+
(1 T30S 1R 45 A 15— J2 = A A A5 J2 i T B g

il N B S P R 1) ) R B SR DICRE, UE ] T b A
ARS8 S B DOC I AT A 19 4 o £
Flo 3K AR AT ABAQUS A5 FROTH & v T +
TS = AR RE AR TR AT TR S i T
TN SR A B I S FIAE T A AR ML, BEAT T
O S A AR A T AR 8 S O g PR
FOHT T T S SRR B AE RS 30 7 2T 1Y
N 1 AR A B A L e IV B i R s e D9 & B
R RS RS R AR O RS A A A
B H ISR Z AR Sy @I H A 28 R DT
KRS R X AT T

N TR IX — [, AR Y SE 3 abaqus ZPF
AL, Xk LG A3 BT A [ e JBE A S ) A B R A TR
55 b TR 47 B0 T 79 25 S DR S5 K1 8 [
N5 2R R — I, Bk b A% = 5 b ARl
Xof EHEANEBOR , S br TR SR AL BB 225 5 1 %
R

1 AR N A IOk — Rl S

BRI AL R IRUST T e o % EN e TR
SJI3 A1 YK1983 +714.31 47 85. 80 m 4b FF BUX Ak
B AR L, 1 TR MR e CA B M JE Tt
FITEY 2 (JTG D30—2015) (2N T 5 4 Ji B 2 0
HEY P ITG C20—2011) (A % 4 T ik ae B ) 2
(JTG3430—2020) (1) AH & K A UR I, B X5 B 56 A0
JEH A IE R T OUH & AR A ke . = ahialRE
F B AR A 100 mm, 555 2k 200 mm , B4 015 4
FEMT 2 BE R 1.75 g/em’, K %N 17.87% il
& IREE 43 B AE 100,200,300 ,400 kPa [ JE T #F
17 =5 B G5 A HE K BT V1S, B 3R B 10 A
BESREEASLRLE . dse iR an i 2 s, IR s i
A 22 107 3 Wt i) S AR AR AL A 2R AN 3 B/, T i
FIiAE A BRI - A SR BN E 4 R

- e ‘II

Bl EREERRLLIH



%34 fPER TR, 45 A & SRS E B L DR 08 I 32 28 A i 1 FE X Ee 43 A 99
TR 4 AT A R — 20 P S R

1:88 JI1435) 2k 27. 38°F1 69. 49 kPa, 5 — 4H 1Y) E 5 £

- o SRR S 27. 91°H 67. 02 kPa, % EEFIAEER

§ |50 PR BRI % TR R A S R Z A, 3k

8 12 16 20
AR K%

B2 BRATEESRMESKEXRHL

TR - (38 B S RGIA T — BT o TS Y

FESESI N 157, R S1 0 24 KPa.
2 BARIACE.

2.1 FREFHBSH
b TS R T KA R I A G R AR
KARALTE A P 1 PR R P 2 i A Ay A TR A

1000

800}
[+
[T}
< 600t
R ‘
E 400
& = [HFE100 kPa
200 - [# /5200 kPa
- [F{[R300 kPa
ok v [l JE400 kPa
0 4 8 12 16
A5 /%
(b) k% 41

B3 7 EEE T e R 3 S a4 R 5K 7R 2k

1000 ¢
800
<
Ay
= 600
R
E 400
= T—
g = [H [£100 kPa
200 - [}] JE200 kPa
-+ [H F£300 kPa
ol v [H [E400 kPa
0 4 8 12 16
Al 1) SN A5/ %
(a) W% — 4l
1000
900 |
800 | r=0ctan27.38° +69.49
700
600 |
£
£ s00f
& 400 -
300 e
200 f \
100 | \
i
0 200 400 600 300 1000 1200 1400
o/kPa
(a) ik5e—41

1000
900
800
700
600
500
400
300
200

w77

0 200 400 600 800 1000 1200 1400 1600
o/kPa

(b) 5% 41

r=0otan27.91° +67.02

7/kPa

B4 ARt HEREREERL

WL TARE . b TAR P S RO 1 &
I 3 IO 5% ARl H S TR Y, ik S I 0 AR
A, BER R SR AS BT AR ADL - TR 2 27 A
BORIRZE . DRI, SR PR SR AR R 5 AN 58 4l FH
T THEE W AR, AR AT ABAQUS HR [ 47 Y
SIBPEAKG T, BRI A — D P, AN AE

e - T 2 i A A T 4 A [ 1) T A e
RTC SRS £ TR AR B T R S
T HIBYEA R S R AL 7 E OB R R Y
UMAT 3o et ok £ 05 b i) i )

TEGAHEAT RN, U0 SRR g D TEAR, W R T R
E R —Ump/Emljlﬁl%fﬁ]iﬂﬁﬁﬁ]iﬂfﬁﬁ,lﬁt
B &g = O g/ E ey » B2 BB PP I8 KT
AR R R SR R T A SRR R LR AN B TR 14 ) 2
Pho TR BEE A A R4 i AR BR T, 2R+
A BT ALIN, 3 38 5 H e i BR T 0z Rz
[0 7 A St AR AR FRANAL o SRR AR P BT TR DAy /1Y
ZHESLARATT C3D8, - TS 2 1 RS AU SR H 5
BANE A K O AR, PR OT 2 Y g = 4k DO YT R PR T
M3D4, [IRFICI A 32 F7, A] e+ TS %A A%



100

IR S TR 4

W24 %

WHTHAEAREARZ TR 2Rk, LT ER R
JE0.6 mm, + TASHHEEE S 3 mm, 4 T4 Wbk
SRR 1 R, SR g AS RS8Nk 2
fime R L TAES L TR L
0,3 /2 PR an R 4 A% = B A8 LR T £ A Ta
LU, DU 8% o) He VR TR 0 ) g2 ik o K T A% = vh
A B e R B, 6 A R BN A AR AN RE
WA S (4000 1) 24 SR AR X — RS T, B A B IAT
L5 TN EE Y R ] Drucker-Prager £508Y , Jiri 1 IF] bR £
e

f=q-ptang -d =0 (1)

\/[(0'1 _0'2)2 + (o, _0'3)2 + (03 _U])ZJ

7= 2

(2)

p:<0-1+0;+0-3) (3)
B2V ST SN SN NS | /5 =~ N SV s N Sl T IS S A B
I/NFERE TS sp RFRINE T 59 AR BT 3B Fd 535
BT OIIN I ARER 5, 5 R SRR
FEE ARG 12,
TEVTH NS Z5AF T, S50 B I d 5 -1 )i 728 5
JEZH (BRI d Fl e) dlad DT 20 20 OCHK «

tang = /?Tsmg

2 4)
LN
3
d _ ﬂcosg (5)

¢ sinzg
1
N

o ANEEEE A ;¢ AFR T

x1 TIRES5TTHRMAFESE

Ky Fir i i JE 4 S R IR PR
RS /(KN - m-%) E./MPa E./MPa A v o./MPa
+ T 9.2 7500.0 0.001 0 400.0
T (HE R B 100 kKN/m) 9.2 583.3 0.001 0 33.3
T (HE R E 300 kN/m) 9.2 1000.0 0.001 0 100.0

%2 tHRBEAWITESHEE HEBEN
RS HORAI B — e

- R 7 FEAESM FR @:VM%E AL
/(kN-m®) ¢/(°) ¢/kPa  E/MPa v
BRI 20 15 24 65 0.30
e 20 15 24 55 0.31
BRI 25 22 45 800 1500 0.26
b3 19 25 47 600 0.30

2.2 EMXE

A% o AR5 4R 2 [ A S 220
A I P XA 2RO R SE e e AR XS
S A, N DO T A TR 8l b AR, P Y
P2 DL E AL IR BRI B BRI AT 2 1 i 5 2R
TERE T AL 2 B O A [ i SO A BROGTHSE A
i 8
2.3 IHEBREH

TEXS PR Sl B B S EA T = AR BB
YR i TR A AT A L DR G A i O A 2
(Initial ) HO3S A5 7R JEGHR oz - 11X He =4>J7 ) 1)
HIBEHEAT T 295, 78 yoz -1 LX)« J5 1) il 2 J7 1] 14
ASTEHEAT T RRAE CRE UL A1 U3) , B ™ A= TR
A o AL xoy “FIfi Ei E T U3 = URl =UR2 =0

(R BRI AT, BRI T 2 5w 189 57 4 AR JH: Al 79 4~
7 1) B E A 1 ER RE ) B 6 b TS 5 RN - TS A
BCE 1A R B X FR s 260 FEWT AR 53 3 26 (Ini-
tial ) /P52 BGA A AR I B8 5 T SRS — D 2P
(Step-1) HxdE + AL |+ TR 2 F0 -+ TS it n
RIS fr B, 755 —A> 53 B 28 (Step-2) Hhita i &b &6 fip
2o DAPEEE 10 m S 40, (& S St fin e i AR
S e AR LA

5 MEmiaR G SEHERNERE

3 BRAEHLE 0L
BE3m
S ) T i T SO, 25 R 3 m
(AR R I, I = T A o Ul 6 i o
T AR AR S AL A ), TS E
5 A AR A5 J5 %) 1 ) TR 2 18] B b L

3.1



ArEE e, 45 % 3 AR e Bk F 9 S B 58 S Ak 9 1o X L3 H7 101

%3
T— 8 Pin o
2.65
12as1s 375 7 375 375
T TR 4 1 4 1 4 1 47 1 T 1rn1 7
@ Ll m?ﬁgm m%m m:%m mi%m m %

(b) 4 ek
6 3miEFMAIR
HE 8 i, £ T =5 & T st ae A 2osi >
3 m TSR RE i 5K, BARIE A 1+ T
ke > TS CHThiss 300 kN/m) > 4 T A%

(a) 3 = T O0L% g TR = 1

(c) PUFL 55 (100 KN/m) = T4 M 1 00 8 1 37T B 2 &

(PLRLSEAE 100 kN/m) o JCREXT HE A7 2% 4 i 2
I R UTRE Ay 0. 106 m, + TS 5 7 8 o 1) de K
UUFE 0.041 m, £ TR (HLHLERE 100 kN/m) i
T BB A B YT 0. 071 m, b TR (HTHr 5 AL
300 kN/m ) finfifi i 25 A e R DTRE N 0. 066 m TK-F-
PEAEXT LI M p 2R L B Y e ROK -2 8% 0. 175
m, TR ST 5 25 1) foe KK P62 8% 4 0. 043 m,
TR (HTHESE I 100 kN/m o) i fy 8% 5 14 5 KoK
SRS 0. 107 m, = THEAH(HTHL5EE 300 kN/m)
TN AL ) B ROKFAE A% 0 0.096 m 7RI 2
KRR T A AR = SN AR 3 DR AR A
YOI R, SRR PR R S A
F19 SR T e 5 ) LR 38 3 oA PR Al AR R A8 ] , o 7K -
PEAZ A BRI 5 T b A% 22— b = 4 B3 IR 4G
Fay , 36 BE X S S it o S 25 R I 1) 29 577, BHL L
FEME RS B AIE o OO R 1 SRR 3 A
JEE, DRI A TS 2 e AR ey o 1205 B A

a
s

$EEEST

-,

a

258

4280

(b) o A% % 1L 17 YT B 2

(d) B (300 KN/m)-E Tk A 00 66 1 9T % 2 1%

7 3m TRRETERE

020 —w—3
— 3L THE

015 —a—3J2 & T K HIH(HT 7 98 2 100 kN/m)
——3J2 1 T ML 95 £300 KN/m

0.10} .
015 1 1 1 1 1 1 J
0 5 10 15 20 25 30
B T5 K BE 25/m
(a) Z& R UL X L

—
f=}
T T T

B 3 TR B S /m

5]
(=]
T T T

%1

2.3 3P L THE
I ——3J2 & A% (BT L5 £ 100 kN/m)
300 % 35 TAHRGHURL #2300 kN/m)
-0.020.000.020.040.060.080.100.120.140.160.18
7K P47 % H/m
(b) 7KV FL#E X Ll

8 BEREIES3 m EILRMBILL

5 RS I A i 8 % 1 TR 2 1 B E P A 1]
10— 11 P
HI P 11 RIS, A% % 5 A TAR M RE A 22D

3.2 BEIOm
10 m 3E AL R g A7 & an &l 9 FioR .
T AR AR S A AR, A E



102

IR S TR 4

%24 %

10 m TRURERI TR R S K088, B iRy -+ T
FeaE > £ TARME(PTREER EE 300 kN/m) > £ TA% A
(PLHLSRSE 100 kN/m) o PURER LE 70 A p 3% i ik
B R ULRE A 0. 278 m, o TS 4 il i 22k ) de K
UUFEH 0. 118 m, £ T RS (HLHLERE 100 kN/m) i
i BB A e RUTRE A 0. 225 m, b TR (HTHr s AL
300 kN/m) finffi 25 A9 f R DTRE N 0. 213 mo IR
PEREXT LM vh 2R L B A e R OK 0288 0. 493
m, TR S A 6 25 1) foe KK P 6282 4 0. 138 m,
TR (HTRESE I 100 kN/mo) i fy 8% 6 14 5 KoK
SRS 0.383 m, - THEAH(HTHL5EE 300 kN/m)
TN AR ) B R OKFAE S 0 0.359 mo b TARAXS
10 m TALTCRE R SACHRAZ R IRAR /N, 10 m =Y
BUE AR ER AN, I RS, R AR
M) AZ T W B, A LA 78 50 A #4E LR A

U, u2
+1.728¢-01
+1.331e-01

344 -
+5.374¢-02
+1.404¢-02
-2.566¢-02
-6.536e-02
-1.051¢-01
-1.448¢-01
-1.845¢-01
-2.242¢-01
-2.639¢-01
-3.036¢-01

(a) F T 00 [T b 2

U, 02
+1.323¢-01
+1.002¢-01
+6.807¢:
+3.594¢-02
+3.817¢-03
-2.831¢-02
-6.043¢-02
-9.256¢-02
-1.247¢-01
-1.568¢-01
-1.889¢-01
-2.211¢-01
-2.532¢-01

(c) PUHL 5 JE(100 KN/m) -1 T 4% HF T 38 % 1 7T P 2 /)

& 10

S i
—-— T TH=E
| +iI$§W(ﬁ}I§§F100 KN/m)
—v— b A% ML 55 2300 kN/m)
0 5 10 15
Lk T () 8 25/m

(a) 72 57 ULFE X H

20 25 30

[ 11

4 YRR
P AR o) LA S AL I AL TSR A S B

4 TH 1 B 25 /m

IS T R 3 L 5 S0k M R A B i
R 2 BN AL Dy = 4 S AR 29 Sl — 4E i,
HETE 10 m TOURIAA RAFAINE 8O o

1 26.5 |
| 16.75 L 975
14.0013.751 3.751,3.751 3,751 3.751 3,75

5" 4T 4T A AF B
[ O T O O |

® o OH OE OH® OB @ % 1 )z
= .5 5
Wi 2
2k
& plig
[ 48.5 !
.
B9 10 mEFMA TR
U0
+3.010¢-02
+1.678¢-02
+3.471e-03
-9.843¢-03
-2.316¢-02
-3.647¢-02
-4.978¢-02
-6.310e-02
-7.641e-02
-8.972¢-02
-1.030¢-01
-1.164¢-01
-1.297e-01
(b) - T A% % 100 i) 370 B 1
U, 02
+1.235¢-01
.303¢
+6.253¢-02
+3.202¢-02
+1.522¢-03
-2.898¢-02
-5.948¢-02
-8.999¢-02

225e01

(d) P 55 £ (300 kKN/m)L T A% MIE T 0 8 1) T B 2 Pl

10 m TREBEinE=E

0 -
2 -
4 L
6 -
T L
- TH=E
10 —— = TS HICBL 2 35 2100 kN/m)
n N . —— = A% ML $r 5 FE300 kKN/m)
0.0 0.1 0.2 0.3 0.4 0.5
K AL H/m
(b) 7KV AL A X Lb

BREES 10 m R TRAAHITEE

TN A T 00, i B An1Al 12 B
FCrp b TR SN I DU AT U R 5y L
—JZ IS L A | L A R — S

TRPCY A 0] PR TOCEEAAMI ), AN 20T A S BRI i — R R — 2 . &



%3 FEETE | 45 < A 2 S M BT B ik DF 6 B SR 5 S ALK ) B PO L3 103

TAS WG OO B E AR . T R R R ORI 0.274 m,
¥ =5+ TASMHIN G J5 K -0 2 1 O e “

[z] 13_@ 14 Fﬁﬂ—'\'o b~ - 18.7 31.3 P
] 14 T A, A R A e B, e o B
SR AT BB TR — 22 AR 9 22 o 577 R A7 % A X LG j

+ T % 5+ AW REA 08D M HIZ AL A T
BORIR = , EARUIE S )2 1 TR = > B2 T
W > — 2L THE > — )2 1 T, HApizE+ sk
A 0 A7 B 1 B R TR D 0. 232 m, [ )2+ T
I A5 8% s 1) e KSTERE R 0. 251 m, — 2+ A%

12

1

= = Y
05 B LR KB H0. 254m , — 24 T A% B 12 ARRELRIE LR
ZEs . y &
U, 02 U, U2
+8.162¢-01 +4,587¢-01
+7.090¢-01 +3.962¢-01
+6.018¢-01 +3.336¢-01
+4.946¢-01 +2.710¢-01
+3.874¢-01 +2.084¢-01
+2.802¢-01 +1.458¢-01
+1.730¢-01 +8.318¢-02
+6.581¢-02 +2.058¢-02
-4.140¢-02 -4.201¢-02
-1.486¢-01 -1.046¢-01
-2.558¢-01 -1.672¢-01
-3.630¢-01 -2.298¢-01
-4.702¢-01 -2.924¢-01
(a) L BEARUK T = [ (b) T — Jz 4% KA = &
bt 2+5 835¢-01
o €=
13:338:3} +5.050e-01
+2.864¢-01 +4.265¢-01
+2.308¢-01 +3.480e-01
+1.752¢-01 +2.695¢-01
+1.196¢-01 +1.910¢-01
+g.2(2)gcg +1.125¢-01
+8.. O + -
34200 1 3.305¢-02
G -4.455¢-02
lisads -1.230e-01
Eg0L 2.015¢-01
2.140¢-01 boiz01e01
-2.696¢-01 ¥ises di
(c) THFH 5 24 AL B = (d) To — 2 A% A K AL B = 8]

u,u2
+4.665¢-01
+4.035¢-01
+3.404¢-01
+2.774¢-01
+2.143¢-01
+1.513¢-01
+8.823¢-02
+2.519¢-02
-3.785¢-02
-1.009¢-01
1.639¢-01
2:270e-01
-2.900¢-01

(&) TR 5 )2 4% MK AL %8 = [

E13 EEZRIAAECBZE

0.00
| =%+t
0.00 T —— TR+ T %
005k —TRE 005k —TR2ELTHK=E
— TR —— Ti1)Z £ T4
-0.10 F TR PR RLZ 010k —— Ti2JZ = Tt
E 015} E
] I
%0201 g 0151
-0.25 0.20 F
-0.30 F
0.25F
035F <
40— 0N e
B A B IR 2 /m B A B 16 25/m
(a) % = U 3 0 L (b) A% 4 M T 4% 5 ) L

B 14 HEEEXRIRABITLE



104 TR 5 i TR

%24 %

5 &4 &

AR SR Abaqus 5558 A RO ey
ISP TE RIS S AL+ T AR = S A TAR N
TOCHEATIE ST, X FU AR5 4 T8 2= 5 4 T i
Xof AN TR T80 B fin B s8R AR B LR 4548

(1) A% 5+ TARAIREA R VB & Ik
PFIEET )25 U 57K 8% IRREI INEHZ ZE A T
10 1) 25 S0, DT/ N Hh o S5 e i G ) B T F
B, AR T 22 FUUR AR B MG T AR

(2) Bl 6 320 1o (A 1S I, A = I A 5 SR AT3 9K
8 TAS AN AR AT T | % 2 A AN A
R 22 S K, BRILIE T 3 m B, SR As = ]
WK UL R 2 61% , KL RE 2 T5% |, (5 ot A
WAT /N KT R 24 37 % |, KB R 24 45%
LI 10 m B, & 9 A% = A 0N i KU R 2
58% KA LY T2% , o i A% Mt v] 9/ )N 5 R TR
B 23% ,IKFAIFE L 27%

(3) Y MIEE LA T, i 5
JECHB A X 25 S ma AR /I, AU 6 PR 5 Jon 3
AT A IO HHv 50 G 3505 22 J2 o #3 4 [] 1) Jon T 8028
PR st 8 TSUTE B8 AR T 77 74 )22

S 3Lk
(U] BR BE,E U BRKHE, 45, 3y 8 28 B 1 AL TP iy

AE SRR A BT [ J]. 3 25 () 5 AR 2% 41, 2018,
14(01) :273-279.

[2] Jiang Kang, Fu Liang Gao, Wei Fang. Treatment mecha-
nism research on the roadbed widening with geosynthetics
[J]. Applied Mechanics and Materials, 2024 (2012) .
1789-1793.

[3] ILuZ, Zhao Y, Liu J, et al. Engineering properties and
micropore structure of clay-based foamed lightweight soil
[J]. Journal of Materials in Civil Engineering, 2024 ,36
(03) :04023598.

[4] #KAR K REA HRERAT £ TR E 5
NERE R 3 5 I B AF T [ J/OL ). $ksh TR 74,
1-12 [ 2026-03-09 ]. https://link. cnki. net/urlid/32.
1349. TB. 20250331. 0853. 002.

(5] skukik, ok 6 £ A% = A RDRL £ 09 SR 2 57 ik
AR e HATBROTSE B [T ] W ZR ¥ Tolk K2 "2 4R,
2025,57(11) ;71-84.

[6] Halder K, Chakraborty D. Influence of soil spatial varia-
bility on the response of strip footing on geocell-reinforced
slope [ J ]. Computers and Geotechnics, 2020, 122,
103533.

(7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Feng L, Neto A J, Zornberg J. Evaluation of the elastic
modulus improvement in geocell-reinforced unbound ag-
gregates: Full-scale experimental sections on a highway
[ J]. Transportation Geotechnics,2024,49.101444.
B BLAa L BROBR,SE L TARMEA L AR S
FAE S BEAR 98 TR rh B B IR e e BT [T ] 28 i 528
A ,2020,36(03) .7-13.
Jia Y, Guo Y, Morsy M A, et al. Experimental evalua-
tion on bearing performance of tire cell-geogrid reinforced
subgrades [ ] ].
101944.
WL, R, FifF v, 55, - TR AT L P43k
SRR REWIFEL) ] A 157 ,2025,46 (10) :3033-
3044.
Btk M, B A AT X R TR
Wim AR BT [T ] K SCHB B T 3 )5, 2021 ,48
(06) :113-121.

Hajiazizi M, Arkawazi F A S. Experimental investiga-

Transportation Geotechnics, 2026, 59 .

tion of the effect of using expanded polystyrene geofoam
and geogrid in different forms on vertical earth pressure
on high-filled cut-and-cover roadway tunnel[ J].
Engineering,2024 ,11(01) :1-30.

Onal Yakup, Calisici Mustafa, Kayadelen Cafer, et al.

Cogent

A comparative experimental study of geocell and geogrid-
reinforced highway base layers under repeated loads[ J].
Road Materials and Pavement Design, 2023,24 (12)
2877-2892.
OS2 0%, BT £ AR E X R LRI
FERER M WESE [T ] PO AR Al B, 2025 (02) : 56-
59,142.
BB, IR BUESY, . b RS SN R IR Sl
JESEAT A B BN T3 RO [T]. 5+ J1 %7, 2024, 45
(S1).771-782.
SRUKVK, X A BT VL - HEE A, A5 RS [
IRV it B AN TR B )y 1 i RS 95 [ ).
FiE R ,2022,41(06) :308-315.
EI T A AT, 1 FEAE. b TR A R ol R A B
B F BB [T]. & 1712 ,2018,39(S1) :325-
332.
B RL, AR iR R, SE. 5 AN SERUN T Y
LA AU 77 v R BIR R A T e SR F 5
[J]. 2 24,2025 ,38(10) :158-172.
o W AL A &SR TR AT v e
AR EAR TR ,2011,44(82) :37-40.
Eail, B AT 18, % WEERTT L TR
i TE B A b R T RRE RIS AT [V ] A S,
2018,39(S1) :311-317.

(T#% 128 M)



128 KA 5 R TR 24

%24 %

b TR PR A FE AR BEZE [T ] N BT, 2022, 44
(06) :129-133.

[10] JF ¥, 5 A%, 2. Il SRR A v vk 1 — 4
Occam J7 1 [ J]. ¥ 516 #,2021,45 (05) ; 1320-
1328.

[11] Chaerul V A, Djajal G P F S, Pratomo P M, et al. I-
dentifying seawater intrusion in coastal areas using the
transient electromagnetic method at Santolo Beach, Ga-
rut, West Java, Indonesia[ J]. Geosystems and Geoen-
vironment, 2026,5(01) :100440.

[12]  Yu Chuantao, Zhang Xi, Chen Weiying, et al. Detec-
tion of water-enriched goaf via the semi-airborne transi-
ent electromagnetic method[ J]. Journal of Applied Geo-
physics, 2023,212.105011.

[13] fRIEE,ATRESEL, 3%, 45 B RETE AR iL
SCEFEXT O LT ]. i AR 2 2 4l (HUBRBE 2 R
2022,52(03) :744-753.

[14] Yuan Zhanbo, Wu Muyang, Fu Nengyi, et al. Research

on 1-D forward modeling and inversion of TEM consider-

ing induced polarization effects[ J]. Journal of Applied

Geophysics, 2025,241.105844.

[15] Jiao Junjun, Cheng Jiulong, Liu Yuben, et al. Inver-
sion of TEM measurement data via a quantum particle

swarm optimization algorithm with the elite opposition-

[16]

[17]

[18]

[19]

(20]

[21]

(22]

based learning strategy[ J ]. Computers & Geosciences,
2023,174 :105334.

7SS B A 7 S EE A N (7N ST ST 5
Fpk LG rb (9 B WF ST R [T ] TR M i 2 41,
2024,32(05) :1798-1813.

HER L JT,E L A A RS asEY
PESHORHRPEDFFE [T ] 71,2024 ,33(S2) :345-
350.

TR PN B SE AN AF AL TR B AR SRR
TR B AR IR AT T [T ] ARAEK Ak |, 2025,
43(06) :32-37.

SO, BT ARG 55 £L7 48 45 He 4 v BH %
BERNAIR A 58 [ 1], P48 T/ 2% 4, 2025, 19 (11) ;
3014-3021.

FRuEGER, XN R P, A R T A XL R BEL AR B 19
A LR — 4 Occam S 5 H AfE o L 42 1Y A A 530 125
L] U 51464,2020,44 (03) :559-567.
EBUEE =, 8, % BB R L-PSO
W], S BRI HE A4 ,2022,65(04) :1482-1493.
Xu Zhengyu, Liu Longhuan, Liao Xian, et al. Research
and application of small-loop transient electromagnetic
inversion method using improved FLCPSO-IFAH optimi-
zation algorithm [ J ]. Journal of Applied Geophysics,
2025,239:105759.

(L% 104 )

[21] 5k %,Bk 58,4, 55 BN T i
&gl Jyma B R BUE AT ()] A 12,2021 ,42
(10) :2865-2874.

[22] JTGD30—2015 />Rt S]. dba: AR
A AR B BR2A F] ,2015.

[23] JTGC20—2011 /36 T AR M I ZE M [ S]. Lo,
N BRAEE H R B A B2 7], 2011

[24] JTG3430—2020 AB{+ TR MAELS]. dbat: AR
A3 A IR B2 W], 2020.

[25] kB, X0 By, ARAREE 45, ) -THRAG I HR & 1F
TFUE 2 E R S AL RUN B SE [ J/OL]. A+ TR 2
%, 1-10 [ 2025-12-17 ]. https://link. cnki. net/urlid/
32.1124. TU.20251127. 1010. 002.

[26]

(27]

[28]

[29]

/NG T TEA TR, SRR, A UREROE IR T 4k g SR
TR SR B A AL A S OBL I AT ST [ /0L A A1
Sy b T AR 24, 1-13 [ 2025-12-17 ]. hitps://link.
cnki. net/urlid/42. 1397. 03.20251126. 1007. 001.
WRAUAT, BP0, Y8 3, 5. THRAEFRE T #ist &
THOULAS A i) 17 K% 5 B2 95 AL AT 5 [ J/OL . 7%
[ 2% 4R, 1-17 [ 2025-12-17 ]. https://doi. org/10.
13544/j. cnki. jeg. 2025-0034.

KRG i TR S PR AR LB AN T i
[M]. Jbat: A EDKAK L R, 2019.
RTINS R T, 55 s A R Tk + T
A 4 SR AR E M [T ] AR LR A4 (HARE)
£ ,2016,37(05) . 741-74.



