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Abstract: To address the challenges of slope protection and greening caused by severe weathering and uneven surfaces of
high slopes with frame beams on expressways, this paper takes a section of expressway in Shandong Province as the research
object. Through multi-dimensional comparative studies of flexible ecological bags, planting bags, and spray- mixing seed
technology, the construction process of flexible ecological bag vegetation establishment was optimized, and a flexible
ecological bag vegetation establishment application technology with strong regional applicability was developed. The results
show that: (1) Flexible ecological bags (PP non-woven geotextile) have characteristics of anti-aging, high and low
temperature resistance (-40 ~ 150°C), and water permeability without soil permeability, making them an optimal ecological
restoration technology for complex and steep slopes. (2) The optimized process of planting soil improvement, precise filling,
"top and twin-side bottom" shaped stacking, connection with buckles, layer-by-layer compaction and scientific maintenance
processes can form a stable composite system that works in synergy with the slope. (3) Application monitoring of this

technology found that the deep displacement of the slope was controlled within 5 mm, the cumulative settlement is less than
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3 mm, the vegetation coverage reaches 92% in 180 days, the construction period is shortened by 20%, and the later
maintenance cost is reduced by 35%. This technology effectively solves the problems of exposed frame beams, excessive
concrete volume and difficult re-greening, providing a replicable model for ecological protection of expressway slopes in
Shandong. In the future, the comprehensive benefits of this technology can be further enhanced through the integration of
material composites and intelligent monitoring.

Keywords: Flexible ecological bag; Ecological protection; High and steep slope; Construction technology; Quality control;

Vegetation establishment

B TR E S BT PO T, R A B A E KA IR SR 1A O AR, 13 DI
TEmER A B TREE R, BALE N2 et SRS R TERR SEE R 12, Sl al
WA BB R R Y BCE -3 E MRS & 105 3, RN T TE, Podis R il
ARSI, K B ERARLN B 4R AEBETE R S, URESE . B2k, SRR m i
MRS Bl AL G i BoR, InmR A AR B ARS8 T2, DR W B A A3 B 22
T (5 PN A o 0 B T S s ¥ DA 2 24 i TR S e 1 i e e HAE S R R R 1 7 oK
4, BEEER “GKF LRSI SRR, B A BB MRS A A
TR RS S CBEER T 1 “AS— R AEMET Z R IRPI R 5,

FHASREARZ NH TR RS 7L AESEE, HOGEMRH g5 gt faoE i 8100,
A BT X FE A BIA B E, i “MR—Rag— L3 W EER, WTRERT
T3 R E MR BRI AR B R ORI, AR SIS IE N — Al e B A AR 5 TR T RE 1 AL 3
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Table 1 Core technical indicators of flexible ecological bags

fabr AR o PUAEL VG IRAA
FAAS TR B 150 g/m? 120 g/m><150 g/m?
G\l L v 9.2 kN/m =6 kN/m
ACTE RO 8.5 kN/m =5 kN/m
BUERSNEACTERE (1500 h) T PE IR A 92% =80%
IR e (-40°C, 24 h) TRa Ttk ToR A5
i FrdR I fE (150°C, 2 h) TR, LAY oA
R 0.2~0.5 mm 0.1~0.8 mm
BERK 1.2x107 cm/s =1x10% cm/s

1.3 FEECH]. ESRHESRIE

T 38 FH 24 35 Vb 30%~40% A5, 28 20 mm §75 9 25 B Rk 4 5, R A KRN 15%
+2% (WL “FHR A EHRIEC” e, B/ 12 kg/mPHl 2.5 kg/m3 LU 40 5l 48 N3R35 H
BUIE. NPK E4 0 (BA T, [FRREYSE LBEENLE>1.5%. pH 6.5~7.5, /MK
TR, AR 400 mmx800 mm. ik FIE R AR SRR IEA G HANEFEF S5g. &
WS Sg. TR 3 g, BER g, 4520 2 g, HAMIEREE, 1ESALIHE, AR NEFM 8 g,
AT 5g. ZHRZE S %3 g, HBGREEET): 1ERABNS 2 g, BAS 2g (MFIEL
=9), HWERMWAEMEH. ERERANLEE, FRFEES 0.12~0.15m®, HARIEREIFHES
FHEL, BRI =95%, )R B ECRA e LA (8 10 mm) XBUERFHLECE AL (B
PE 12 mm) £R4%, B HRREAMIK T A TURREL 1) 80%, ik M3EIrRL.

1.4 FHTHASMNAZEEN

AFEHBEFAEK =40 m (0 25 t R4 (R L XCT25L5), SRR AT F5 4% (7 ik#x VP
1550A). WiEHL (fHZE HKP-480). Fif LALB AT HHL (5% GFS -200).

772 R e I W I 3 e T € s 365 d, A 100 m B 1 SMIARMY GRE 5m), WML % 3
MR IFM (5 C1~C3); & 50m ¥ 1 ANPTREMM A, 5 AVTRERI A (a5 J1~T5),
TRIZ RS MR FH A DR ISR BB R AR N ) MR R % a0k ids (R RR
HGLJ).

RGN E (A mxIm H77, 5 NEE) MHEPEAEKEN, WA 365 d.
2 SR
2.1 =FEARTGT RN WA

Bt i i BT I 1 R 2 R S B @ ek 1 R, GBI sR A E A RN e . 1R A4S
Wi AT ARVUANGERE, WM AERN, AR, BHRMEA=MEAREATRSIE (WK 2).

TN A EE PR o FIEMBIABOK, @KL . ANEfE, W52 pH 3~11 ) 113,
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REARPUI G SRR ks RIS RS HUAE YR BhEE 7y, RER LB, HR ol ZEIRFE DT, A
BHE-40~150°CHEREREE, FIEMN IR X -19~39°CIiR 2, Tifbsidtb. £, SERSEHILE
0.2~0.5 mm, BEREA FARE HIRE LA, AT IE K EENE, HR T EYIR R FE 814k,
TERG “98—MR—17 =YL, $8 om0 SR
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XTECH L A, AR S SER R H s A . RIAFM 5 ERE . R AR 2S5 77 BA &
BRI AR, BEAT RORANE BT 7 ARG, AMERIE “RMEAERR” NRIR ST %

R 2 =MBTFEARX AR

Table 2 Comparative Analysis of Three Protection Technologies

BRIEIER THARS AL M VR A A
PR AL PP/PET WU B Bt o2 Je L g LS TR+ e+ Rl 25 77
1 A5 i =50 a <90d <5 a (GHRALFHITE
PURLHR =8 kN/m (i) <0.5 kN/m o CREASTHMEZ)
FEKMERE BEAKAE L #HKEL (SR RiEK CHRIAKD
& AHN . A &R 26+ 1i] AP # 3
AL o o 90~180d (&) 30~60 d (JE¥HE) 180~240d (BT
ALIE (JT/m?) 185 90 (FFE T 108 CJ 7747 HieAS )
L1 R Hb I e T E AR FLALL UNGENEY 7 K78 B R HITE

22 TEREEHSREETTZMRML
221 FHARRHIE., MRS EE

AR, TREERIESRINERS, R TR R B PUR SM R RE, PR A
SRR Ao R JE A 50 m* v —dtt, BURERR IS K& AP pH, BIIRFT S HCEEEK .
KH 25 IR M mAeAEAEE, Al E TR, UG M 3~5 48, Wt Ne%E, #ifrmipEe
WTENGL, FERsEshl mE S RArE, B .

Fefih B ARSI R A v, RO S R AR ZE <50 mm. FE4Z a7 FIRAETAEND
T A TR AR EEEh AT 1:0.75 BN 150 mm,  1:0.5 By 100 mmo. A5G FE p s i 46 2 75
FESETETERE, & 10 JE#HT — KM B . R SEJ5 R PR VAL RE 200 m> /N SRl R SEfE, %5
SPEZ=90% NG MBI SR EATE RS, FNIRE =30 mm, EANZE S IEERRE, D
Fhhish Eiash. LA N e .

FEEMBOGE R, I 5 kg RFTERENFT (JRIE 2 mm, S48 50 Hz)  H b (a) [ Py 3y 5 sk,
B bR AR o JESE G 2 (A PR PR ZE N <10 mm, TR ESEMEA, FBARTTRRG . A A 4800 U
RUJG PEAEHE YY), TR S (R Gt AU R . A=Wt IR TS, RN A ORI, WOk
T 244
222 FEBEERE R M 5

R A SR P AU s 3 S5 R R i APy 20 o, AUBOS IEE H T T A AR 48, JEFhal
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AT R FRN, 5K FRACT 80%, MIHEATHMENE L AMERT, i 022 MR SUNE LK LA,
B 3~5 AL (LA 20 mm, RFER S0 mm), B fEREAL Ak 5~10 KiFLFh . U Wik H TR il
TREFI AL, BEp ST BN (AHA: Jer L 50%. F4E 10%. EFRAET 30%. TRIKA] 5%
FiE 7 1% SR 4%) IRG 5, HI5IWE TRAEET, EHIBREERE N 12 mm: BREEE, o
RIS, 7 78 o T S e, XU R X 3 B B AT RS

NORBE R ZF AT, S BT o5 2 S RE M o A FE D9 300 mm ) 7254% 500 mm [] FR AT [
B, R RH I S NS JRAERR, DA M RISl o A 50 Rk B2 e T k2D W 7K i 5 560 ' B S
TP, wIEF TR ZFR R 65%E T & 85%.

223 FEYPEH

FPEFLS AN 22, =B B

(D MIFRY G5 1~30d). FEK 1 %Ud (9:00 ATEL 16:00 J5), /K& 2.5 Lim?, KA ZALHEk
BISIWER, RN fE B A RN R I

(2) AERKWIFRYT (55 31~90 d)o /K 1 IR/ (2~3 d), KRG H AR, MG 7dMEmEg,
XA AT A >0.2 m?XIFTFLENME . 26 30 d /R 2 (10 g/m?), 5 60 d jiti NPK A& (15 g/m?).
AN LRRE—IR.

(3) FaEMzRP (B 91d~2a). HE/K 1/ (15~20d). Mg FAEET 1 ¥/180d. 1 ¥%/270 d,
PR 25~30 cmo LIEA BRI 1 R/ REBEFETR ARSI 1 PR /a, 0 BEIS D 7 i L B R 4
i, DAAERFREVAASE o
23 TEEARMAMKR
231 EbElYE )R E

WRIZAI C1L~C3 WIRHMCE W o, AR MR RKE R 4.2 mm (62T C2 WAL, L
JE55 90 d), ART (AMEKIERITMIE) (JTG D30-2015) FHER 10 mm FRAE. £74% S FER A i
M B Wika e, B LA 180 d i & M =S/ T 1 mm, RIVERRGHAR, MPBERIEEAKR,
A RN T AR E .

DUREALI 5 (T1~J5) W, KPR AN 2.8 mm (J3 W&, MET/ES 60 d. JIFEEEEFT
i L5E R IR 90 d N, Z JEHEARRE, RibUilEsE R 3 mm, #HEMTEER (<5 mm EHhx
#E), UEHATRA R EESE T E, A8l 7580k S i 1) Ja BT R% .

T I N A R R N AT M, e TR S BT SR A R B R RN )0 1.2 MPa, it T
JE KR S ZE 0.8 MPa, N AT A1 IR TH2) 40%, HoR LS. RFERBENE RS HE
TR AT E, GE TSRS, TP IR R
232 AEEME

Jite )5 90 d AW 8 S5 FE 15 65%, 180 d AfIE 4 92%, Z % 270d Eid 95%, T2 365d faE
YERRFAE 96% /it o TR TG BEIE 3 S0 808, R BRI R, R @SR R i .

F P S I 55 85%. TRIBHEVE R RIFI AR BAME . SR AR, NHTER
e b R EHERER RN, BREeT e, KA A A D T 3 F/a HIErsE
WAER: B AR ARG B AR KR, PO SEI G 55 ARAME AR E Z5fa e (LR E 3 thoE
YEVER . ERDFERE TRENES RS

JitE T )5 365 d, W EIEE NGRS EHVIEN 1.2%R 5% 1.8%, FLBER M 32%RTHE 38%, +
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BORK e JT IR 40% . W WU B) oK 2 30 I 2= g P YR 328, Sl 7K it O A A%: S R VR R AR S
WD 75%, W R AR SO A .

CAGER, M B TR Bl BV TR AR 2 8.6 ta, FEIGARL 6.3 ta, A AHIEAA L
12 ta. [FIRF, PREBIERON XIS 28 F B e it [ W PR ES, (Radk 1 B 2 FEE IR E 5187t
RS VG E
233 KAt

DU BOR FH R A BAS Y &€, i LA A 8600 m2, FAALIEAN 185 Jo/m?2, BiE AN 159.1
JiTt. MECTWHRMEA TS (AHHIEN 103.2 7576, JEIA 5 =97 2% H 43 7370, SI&EM 146.2 Ji70),
AJTRBEHWIMR BN & (12,9 570D, HEIEFIH 50 a BT ay LIRIRH G TR s, Ha
Az i A N R RO S R B AL S 0T 2 . LA 50 a A JESHREATIINGR, AR A A T5 G 4 A i A UL A L g
TRAEAE 77 PR L) 82%, KAWL ARE. Mo, ABRG R TAN 16d, BIFETER 45d
Gk 64%, AR T iR A i TN A s E 1T
3 W

B SXoF L 2R 0 23 VU v A B (L7 R B R I B D WS R AEAE 1) ER L 3 v, HEFF R A PET
HEABME NG RIRE US1e 2R B A O0 5 BT JE e R, w A RERPTEh iR v, AT SE KA
G, FETHERFIRH TSR T I ARG P o AR L 2R A8 P AS [ 4 DX ) 0B R O BRI G L 4T 22
AR AR E AL X AR TRV, ]I 2 1Y N TV B PR AR L Agi] (16T 5 m  IX P /K A iy
DUV AT i v i 355 1 B B ) S LA o B B R S PR DX A TG T 70, g — 5 M R A B VR 1) A A
R 5 R 1

AR (7~8 1) BEAKES, G5l RIEmBUK, s LSR8 8 Rmett. K,
WA HE A TR, TR R, RBERAEREST G~4 H) 8ifkFE (9~10 ) PRI,
AR TR S AR e U8, n A R ORbE TR AR &

BT AW IS B, e A A AR ERTE i A B 1 3 B 4 AT AT L & R A S 3 TR R A 1]
JEEARRK, AIFECLT A HEE— DRI SN BB 1:0.5 MIBEIR Y, ATEREREFZMAES
5 LRI DO BAT A SRR RS, W E S SRR, AT SR AR B R v 5 40
TR ENE RO FERS S E A AES T, ATl HOR i A AR AR A8 N B A O B A7 B TR
FE MR RN AR IR, A S I S T R A Y, BRI AL S R R i, SRR
58 VRS L TIUE S RG AT R, HEBD IR B R R RE AL O R AR 22y RSSO T T, A AERN
A FERIEEA b OE R T N RS IE N VEAEEARTN T, TR B SRR, A
A B THe 3 T K AR FE T AE, 0 BRI i e W 1R J2 U5 W B 1k o
4 ZiR

(D) A EEE AR R0 )5 PERE (DU =8 kKN/mD R H RS R4 (i -40~150°C
W2 PrEhi) LR AR HANE, I T A INERS R T E A S A S B E S, £
FORAAT Y BB E N TR amR A TEMEA R T 2.

) B RAFE L OOR . RIS SR B S R IR A O LAY, B
BT SER BRI T L S REEHik R

(3) TAERLH G b s R SR E AR S Uik &2 42 HI7E S5 mm 5 3 mm DA, B
BREIEAE 180 d WL E] 92%, THEGHUR S EIZTHE 1.8%, KEMAREBRAALG UK 75%, ik
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