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Tab. 1 Comparison of different materials and techniques of ecological slope protection
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Fig. 3 Slope protection structure with stone cage net
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Tab. 2 Comparative analysis of cage net structure and general flexible slope protection
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Tab. 3 Relationship between thickness and velocity of flow

B3t JELEE/mm ARG/ mm BUGF-#PRE/m I A (m - s71) WPRHE/ (m - s71)
70~100 0. 085 3.5 4.2
150~170
70~150 0.110 4.2 4.5
70~100 0. 085 3.6 5.5
oy AL 230~250
70~150 0. 120 4.5 6.1
70~120 0. 100 4.2 5.5
300
100~ 150 0. 125 5.0 6.4

AR 3 WY AE L o I 5 TR A R LR S U Fd4 BEMBEE(STEEER) SREXR
THIEMGER , At 2 S0y CUMAGEMZER)FR A Tab.4  Relationship between thickness and velocity of flow

TSI WX I R S A R, 3 4 A (assphalt overlay)
T A A 2 g T A U R B R S G R gy PE M WY KSR
XL ZE 3 R 4 R AR A 2 D A R R S mm_ BUE/mm (kg em?)  (mesT)
K RAARKI I FER 25 W 5 RN, A — R 1 Y 150~170° - 70-90 — 80~120 53
1 230~250 70~120 120~ 160 6.3

ARG ORI A RE ST I AR . TS P TR 22 S A JE
SRR R BOAE G, USRI B o U 7 14777 i v o
AR I R RE 3, IR 26 7 A0 SE 3 5 5 K ) 22 AL BRSO EL U 75 B 32 )= B A RS AR BT A0 1 i
FERLR 25 T ARSI T SRR AR ok A2 | A 228 ) D o ) B M RELAE B, TR B U
HEATAKHE w0, TS AR 28 2R o 1) P 2% 3 R AT A IR 2 X IO S 1A I 5 8 R B2 ), B e

300 100~ 150 60~200 7.0




116 KoM ok B T OB ¥ R 2018 4F 12 /A

TARESEPR, [l hp 2 AR AP EDR
3.2 WREHIEATFAENEEETSH

P ACRINTSE IR IOy S 27 PR RO, TR A6 3 96 478 4 1
KB TV, ELASHO L 72 P (PR AR AR IR O BEHE TR . Maccaferri 246 4722 Delf Ak
Tyt B TR £ RS O T UEIRAEI T BRI T ™ | 5 Tk
5 RSP0 B0 M7 0 0 0 T8 7, DO 0B B 7 96 L1 0 40
A

. h(1 + tanftang) sinf ()
(s =1)(1 —n) (tanp — tanfh)

b A T JZ AR NSRSk 22, R SR A0 T8 i i R S BB R AU T3 0R A5 5 0 WA o RS
ffsn A EHFTILBR  n=0.2~0. 3 ;s HHURRE 5KE B HAE, 208 2. 4,

FEENB KK b I R R E MO R ST, Rt A B BUEZAS AR U N OCHE . RRE Y
H b R R R A Sy AR RE B I T AR AR TR, % BB S 150, AH 56 58 132 S 3o b i O R
WRBIRZIITTE A5 T h EERIBUE, BNBROR R 1.2 £, WA k=(2) .

5> 0.12H(1 + tanftang)sinf
(s —=1)(1 —n)(tanp — tanf)

A H R E R BRINE , SR I 800

EMERAE U, 20 F(2) Hoi kA U S 5 38, 7E R 20 = 5 b % 08 TR AME T
BIR T IR Z IRIR N BB 1T 7 RIS UE SR S0 B v, 2 WA R 20 20 U HE B BE B 33 T - AN g
. EIRZEAGE HIBIRAE R P34 H R il As e P4 il A v | x5 8 R e 4 g i Hefa R/ i e it
S, MR SE PR TR v A B, A0 8 I rh LA RPRLAR 1 DR/ N AT A 8 ) Y B M AR e, IR 2B 2k i
Tk RO i A PR AL | A5 AN TR 3 G A ] 003 T A i O SR A RPRLAR Y R A T L, X e s R X B —
FERE X
3.3 BEMWEPRT

TR KA re oo e Y R F) 4 R e B BB 1) 2 A AR A A
SR E IR SRR RRER T (B 4) X Fh i B iR
SHERTIERE T HEAIE 05 W, BT R AA M3
PERT I aiHE iz a5t B Z AL, B IRBOR I, B AT e PR 4T
AR R, S5 F AR B BT /K A P BB 0 3858, JEEBE 50 em (941 8
FHCHE Wil LT 6 m/s, BEASHEAILL DT S e Ak Sk 1 B
AL B A A T A R T A B B e
W ZZROR ITCRPT I TR0 T AL 1 58 MK P S
BERE, T8 J5 1 AT 08 O M ab s TR, @47 e

(2)

,,,,,,,

= W PV 25/

MBI R P4 VTP I L T T I B
)FE]E<< YR TR FLYEY (GB 50286—2013) K #H B Fig. 4 TInstability of river bank slope in Yuanhe
5% [25] ’ 1345 P V8 R A e T 22 b L B RS 4 3 A River Basin, Wugong Mountain, Jiangxi

W2 PR A R % 2 F PN e BRRE T8 (3) 15
{hs =Hy[(U,/ U)" = 1]

U, =02n/(1+n) (3)

H, o Y.~V 10 + H,
U, =|— 17.6 ———d5, + 0.000 000 605 — —— (4)
50 Y 50



5 6 1 SCRESE 4, TV RRIAE I R A R BT 5 117

l,a < 15°

a - 20 (5)

K 20° < o < 90°

“ 125 +

AP b, HRHE TRV (m) 5 U, RIS, IS (4) L, FOR dyy SRR P RLAE (m) , 9, il y
VRIS KBTI (KN/m® ) 5 Hy S oA (m) 3 U, AL RS0 (m/s) 5 n S 5 B8 e A
T EITERA K B n=1/4 ~ 165 m HKCIHA 5 R, TR I 5 7 b ey o JHSR(5) 5
b, L1 2SS A R 9622 o O 5 O R VR

4 R PH LRI R G

(1) {03 vh A FH R A ZE A ORI R RIS . AETCAP B A I 0, 02 SR O 22 el 7K o
Wi 5 5 AR BUREAN T 2K 5 3 38 A BRI 703 2 1 Bk T 30 /K U o Rl RE T3 R BB nhBE T RN A
FHSE AT JE WA PR3 I bR AR A RO RS ANAS A b FE R nbR T A S AR A e —
i 2 S AN I T 8 S 1) A, B AR OR8N B IAE 4, A5 A4 PN 1 B A 2 ), OB AR I 5 B A 7K
VAR R IFARIZ ZIF AW i 47 I, A5 I B R A AR TR IR, S A W52 3R T, & Ao R 470 i 3 SR8
TUAFAE AN TRV B ) R | 455080 I 25 S 1 L8 Sy S 0 52 ) DR 3R, AR M S 2 B St S e 5% o AR 1Sy oo B
A1 JE R i f AR IURE ) 2T SRR RN R ARV WAT TS 6], iz FH B TS AR A S 1o DA 2 sl

(2) A1 FE R P35 2 R e e it 1 P i S0 R PRI A B 5 Il 5 U B T3 100 5 e AR AR b 2
KA R AL , AR A Fe VU, 2 S WA AT e 1 RE B0 e B AR AR, (HUZ: 7 A JE AT ] 3t
B e, U] 5 N S50 R IR 8 JHL A 2 22 i) ) SR BIR iy AR AT A 90 2 S

(3) HBAR AR A ML RVE AR S IR GE . AR AU A 8 R 2 1 R 1 4, R i AL
U AR X557 FE M 25 I A S8 A P, 1 ZE I B S5 R 1) g 2 Ve RE s A AR R e, B
AR R~ G TAENLERIEA TR 52 (5L 5l 8 DO PR 8 g 7 g — o7 78 O 3R B R AT
PERIREPEREMIBTE .

55 VLR = A T T i R R 32 A2 B RPRLAR A TR N3 5 SRS M Y JRERE R B LU AT G5
0 A B ) B A ARME A N7 SRR AR s S P TG AR AT 0 28 A TR AT 0 ) 0 A TR 4 Rt
B JEIRAT ST, A PR AR R, 5 T N LU RAS [ B i KT, O 58 8 K AR i VR TR A %8
P47 5 2 R DR A 5 AR A0 47 52 2R P LR/ (SECA PR A B IO 8 JBE 2 33 L 45 15 L o h 44
RIS o SRR B YA AREE TR A0 S I BAAR S5 A8 1 A8 bR BRI ] I 25 P SRR 25 K v AR 2 45 B I A A

I O SEAR R ~ 11 S R LS 5 R G A — IR
5 4

A TE M ZE R O A A R 2 T SR — i, © ZBORB 22 3t 1 3 52 P AR P IR RUFRICR: s 41 JE R 3
B TRER N TR T AL e R 00T R AR 28 ORI 3 R R 1) TRt i b e T R s 1 A i
PRSP I B RIS B T R AR R A RCR

IR TE A AP BOR B 2812 10 B AL R B A A B TR e (H e TS M Hak =, 41 M
LRI BT RE AR LA B A T P 45 A TR W PR X e TR R 5 0 — AP WIR 5 T 1K 28 [ R ) i DR 22 52
A1 T R BEHOR IBTTE | S e Bl A T R 1R A B, AR 2t A1 22 IR 3 4 A1 3 ] A 25 4 S sl vy 1oz, B
1K AZS SO

& £ X #:

[1] %2, B2 A SRR FRIA BE S A S H S [ ], PUJI3AEE, 1999, 18(1) : 19-24. (YANG Yun. Study on the river



118 KoOHooJk B T R ¥ M 2018 4F 12 A

[

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

eco-environmental improvement by rivers rich in nature[ J]. Sichuan Environment, 1999, 18(1): 19-24. (in Chinese) )
TRINE, SRR, FRARMe, AR PITTIE AR AR 0 A e R r BT[] JKaE TR, 2009(9) ¢ 107-110. (XU Chaohui,
BU Haibin, CHENG Weihua, et al. Development and application of ecological protection bank for inland waterway[ J]. Port and
Waterway Engineering, 2009(9) ; 107-110. (in Chinese) )
WY TR N[ T]. TP EJKF], 2005(4) ; 21-26. ( DONG Zheren. River health connotation[ J]. China Water, 2005
(4): 21-26. (in Chinese) )
WRCHE, AR, NI VTR LT SR A A A R SR A ST ()], JKis TR, 2018(1): 1-11. (CAO
Minxiong, SHEN Xia, YING Hanhai. Study on ecological structures of waterway regulation in the Yangtze River below Nanjing
[J]. Port and Waterway Engineering, 2018( 1) ; 1-11. (in Chinese) )
FEARRL. $2 = iIE e BT 2 S KRR 1], ME T/, 2017, 36(26) : 92-93. (DU Linfeng. Discussion on improving
the quality of waterway maintenance and management level[ J]. Value Engineering, 2017, 36(26) : 92-93. (in Chinese) )
XU T, KIS B RBEN[T]. KILRECE B 5388, 2015, 24 (3T 1) . 9- 14. (LIU Junwei. Discussion on
ecological waterway development of the Changjiang River [ J]. Resources and Environment in the Yangtze Basin, 2015, 24
(Suppll) ;: 9-14. (in Chinese) )
SR, X E. AR AT A A B B B A S bR TR [T]. TR S EBE, 2015, 29(6) : 783-785. (ZHANG
Wei, LIU Lei. Discussion on design concept and practical engineering application of inland river ecological waterway construction
[J]. Engineering and Construction, 2015, 29(6) ; 783-785. (in Chinese) )
B, AR, EIEHE BERRYGE FARESIRT]. P EAR R KRR, 2009(6) @ 92-95. (GU Xueyong, DONG
Zhanhui, WANG Meilin. Restoration and protection of near natural ecological rivers[ J]. China Rural Water and Hydropower,
2009(6) : 92-95. (in Chinese) )
D, ZREE, X EXMIE R A SBEE (M. dbat. AR E kL, 20150 ( MA Dianguang, LI
Huaguo, LIU Xin. Study on ecological management of soil bank slope in the reservoir areal M ]. Beijing: China Communications
Press, 2015. (in Chinese) )
ZE . HAS A 540 R R RN R 7 [ 1], A E AR K A K L, 2009 (10) @ 106- 108. ( HUANG Yilong.
Ecological embankment in Japan and its application in Shenzhen[ J]. China Rural Water and Hydropower, 2009(10) ; 106-108.
(in Chinese) )
THYY V, SOBEY I, TRUONG P. Canal and river bank stabilization for protection against flash flood and sea water intrusion in
central Vietnam[ J]. Cantho Press, 2006.
N, PR [ A ST AE e R R A RS [T ). K HE 1, 2007, 28(4) : 261-264. (SHI Yunxia, CHEN
Yimei. Revetment type of inland waterway and its development trends at home and abroad[ J]. Journal of Waterway and Harbor,
2007, 28(4) : 261-264. (in Chinese) )
A In, KV R IEAGE BIA TR QI RBR Y L BREIE [ R]. R S0 iz i il KK is TARER =TT b,
2007. (LI Yibing. Special topics on green environmental protection buildings in the middle and lower reaches of Yangtze River
[R]. Tianjin; Tianjin Research Institute for Water Transport Engineering, 2007. (in Chinese) )
TiEte. BRI GPTEE IR R R [J]. FeRBEA, 2011, 18(4) : 58. (DING Qinghua. Application of flexible
protection of ecological bag in river control[ J]. Technology and Market, 2011, 18(4) : 58. (in Chinese) )
HATAR, F4, T, =4+ TR ISR [ J]. A1 12, 2004, 25(11); 1800- 1804. . (XIAO Henglin,
WANG Zhao, ZHANG Jinfeng. Study on the design indexes of three dimensional geomat[ J]. Rock and Soil Mechanics, 2004,
25(11); 1800-1804. (in Chinese) )
W, EAcE, X023 SR ELE MR R SR E M. dba, P EUK R K AR A, 2006. (XU Shiguo, GAO
Yongmin, LIU Yingfei. Planning and construction of modern riverbank[ M]. Beijing: China Water and Power Press, 2006. (in
Chinese) )
JEBR. Y R Ly A S TRE X[ 1], thHi2zd, 1999, 17(3): 224-229. (ZHOU Yue. Some understanding
about soil-vegetation and slope eco-engineering[ J]. Journal of Mountain Science, 1999, 17(3); 224-229. (in Chinese) )
Fymidy, T, Bk SOWB R A S A S0 3 85 Ry 3% . 201410036458. 2 [ P]. 2014- 05-21. ( WANG Peifang,
WANG Chao, QIAN Jin. Landscape ladder type ecological stone cage revetment clean formation method ;201410036458. 2[ P ].
2014-05-21. (in Chinese) )
SOGGE R L. Finite element analysis of anchored bulkhead behavior[ D]. USA: University of Arizona, 1974.
SeRAE | d sl TR R R R 0 PRCP BB )] AR AHEL, 2007, 24(5) : 48-51. (CHAI



5 6 1 SCRESE 4, TV RRIAE I R A R BT 5 119

Hejun, MENG Yunwei, JIA Xueming. PFC* numerical simulation on earth stress of flexible gabion retaining wall[ J]. Journal of
Highway and Transportation Research and Development, 2007, 24(5) ; 48-51. (in Chinese) )

[21] KANDARIS P M. Use of gabion for localized slope stabilization in difficult terrain[ C] // The 37th U. S. Symposium on Rock
Mechanics, 1999.

[22] Hydraulic and Marine Structures Department of Delft Geotechnics. Reno Mattresses as Bank Protection in Navigation Fairways
[R]. Netherland: Delft Geotechnics, 1989.

[23] BMEE, BAt=, BIMAB. B ki g it B[ J]. W H T, 1998(6): 1-6. (MAO Changxi, DUAN
Xiangbao, MAO Peiyu. Stability calculation and analysis on slope protective blocks of breakwater[ J|. Port Engineering, 1998
(6): 1-6. (in Chinese) )

[24] BAUEE, BErEs, BOMAR, % EEFB R S [M]. dbat. & EKF K H kL, 2003, (MAO Changxi, DUAN
Xiangbao, MAO Peiyu, et al. Seepage of dikes and scour defence[ M]. Beijing: China Water Resources and Hydropower, 2003.
(in Chinese) )

[25] ERH, £k, Tt BT AEMSP MR ANE[T]. BRIUKFIEHL, 2009, 37(2) : 30-32. (WANG Junwei,
WANG Lizhi, WANG Hongbo. Calculation theory of slope protection based on stone cage net[ J]. Heilongjiang Science and
Technology of Water Conservancy, 2009, 37(2) : 30-32. (in Chinese) )

[26] whH by, 7B B, 40 90k e V0 ok P R sh B s sl i oS [ 0], WA Rk 2%, 1997, 9(4) . 307- 316. (HAN Qiwei, HE
Mingmin. The incipient motion and velocity of aggegated fine particles[ J]. Journal of Lake Sciences, 1997, 9(4) . 307-316.
(in Chinese) )

[27] W7, JAR, EFEG, 55, T IHEAM FNE R A G P EE T8 [ IS A AR S [T ], TS24 (TR
RR), 2013, 45(34F 1) . 63-66. (ZENG Zi, ZHOU Chen, WANG Leiguang, et al. Bioengineering stabilization of slope via
root-cable-gabion net flexible system[ J]. Journal of Sichuan University ( Engineering Science Edition) , 2013, 45( Suppll) ; 63-
66. (in Chinese) )

Preliminary study on eco-slope protection with stone cage under river scouring
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Abstract; Compared with the traditional slope protection, ecological slope protection emphasizes the stability of the
bank while achieving the goal of restoring the ecology and protecting the environment. This paper summarizes the
connotation and characteristics of river bank slope’s ecological protection and the protection technology commonly
used in the river bank slope, and mainly introduces the use of stone cage as a flexible slope protection method, and
its research progress and application in engineering at home and abroad. Through the analysis of the existing
theories and experiments, the main design parameters affecting the slope protection performance of the cage net
structure have been clarified. On this basis, considering the problems arising in the project, the topics that need
further study are proposed: anti-scouring characteristics of stone cage network structure, the relationship between
grading, thickness and impact velocity of rockfill material, and the combination of cage net and vegetation. Through
in-depth studies of the structure of the stone cage net, we hope to get more theoretical support, so as to better guide

the engineering practice.
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