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Abstract: In order to research the formation method of ecological protection strategies of highway slope
when the slope does not have planting conditions, Slope Engineering has been combined with Extenics in
this paper, and the formation method of ecological slope protection strategy based on extension knowledge
mining been put forward through the research and summary of project cases. The general application
process of this method is as follows: (D Express the specific goal of ecological slope protection in the form
of basic-element. @ Mine the correlated knowledge about basic-element of the goal, and express this
knowledge in the form of correlation network. @) Mine the divergent knowledge of the basic-elements in
the correlation network, and express it in the form of divergent tree. @ Combined with professional
knowledge, we can find the basic-element or combination of basic-elements that can solve the problem from
the above divergent knowledge, and form the potential ecological slope protection strategies. ® Select bet-

ter scheme from the potential schemes through the comparison of technology and economy. The analysis of
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project cases shows that the method is feasible, which is helpful to get rid of the excessive dependence on
the designers experience, inspiration and other individual abilities in slope design, and has important prac-
tical value in slope engineering.

Key words: ecological slope protection; conflict problem; Extenics; extension knowledge; protection

scheme

TR L DX TR A T I 1 B B AN 1 M ST PR B 2 — BV AL G AT S B B 2
SR ARG TR Jorh SE R 45 4 Bl b S 07 Ji . 7 24 /i P 88 B A A B SO I I SR . EORE i R 1
TR GRS SEILN B A IR S8 Y BT TR R R G A bR IR AR 2
P2 BT MO A AL . BT BRI B A K b AR AR A R E . (AR IRk . st
i o 5 ) R — B AR IR S A . B AR ERIA L R DS S8 ) BRI R AR L HREHOB TR . R
. B IR R H A TR A Ak

J5E 5 38 A B ) 2 2 A 5 Sk O B A A BT R (RIS M A BE TR R ), LA dE 5 4 1 2
AR X REEIF2E | PR R R T ARSI BIRE L 8 RAERT. HRKIEE . HA TEROR N 5 R
SR e A= 25 AP v e S ) BB AT R0 %+ A REAE T v AR I SE B B0 R 3s L 7 A T 22 A e S 3 R R

X T A S AP S RN B IR X 28 P R ). A SCHT AT A AR B TR MOC L Za A, T
LGS M I B S A A R A b SR I RE A A L AEOG L Z L R AR, AE S I TR A
W TR AT RETH A wh 2 0 AR . FR T SR 28 AR 25 4P 3 o 58 IR ALY W 40 R0 PAZ 0 7 3 . AR SE o R
Wl XA IR A A AT AT Y. %07 I TR e B S TE S R AL B ep S R R . BT T IR L wlas
SEL AT R AT SRR A R 8 TR BOR N BUEEAR . TR if0 AN 4 Ff R I I 9 A 25 0 8 ) AU 1%
D7 3T LAHE B AR GBS AR 2 56 . IR A A i BE AR . B AT E 0 0 i TR I R R X AT 4
PRI TR A A o — 20 R

1 AT ¥R ANR 4 2 e AT 40 43 A IR 3E

A A TR ] 2 S0 1983 AR RIS 1 — 1T IR B PR T2 B e OB AR R BERL, R SR R Y AT
REPE LS TF 40 Q0B AR 5 07 i I F T e B0 v 4 0P i TR) R, DA SR A O i ) IS Xof 20 56 L R AR
AR ST R AR AT B R AN R IR T, mAEYIOT ML o0 A S RIURY . ot b
KR B=(0, C. V), K, ONX%, CHRE, V Ry & FHRAAE B B & (8, & E 0T LUZ 2 /s, il
D2 e PR . T AR A 4G A BOB AR L ARG RV R | 28 B AT L AT A R R e A A e TR A

IDNV-3: &N

O M—EGh &, iTmERZA RN EEIC, HFAXSRETE —FRIESH, BB = (0,c.0) —|
{COyc15v1) s (Oycssv)s =05 (Oscysv,) ) ={(Oscisv)s i =1, 2, =y ny. WIFZEHE, T —-FITAHE
it R S5 IR, AT L 2% R ) P 12 35 G R X 5 5 E b AR 4 A5 3 G 2 i ke

@ H—AFEITH K, aTUREE ZA R, BREXCE - 2ESN, Bl B = (O,cov) —|
{COrvcs01) s (Oacsvy) s oy (O, s, b, MAEIZEHL, 40— SO0 RE P 7 5 R B, AT L% A 5
B [ R0 A0F 118 JH b X 5 ) 0 1) i 35 G 2 fi e

2) 34 AT R EE

B ot M = 0, ¢, 0,0, WELIFLE—~ARAEY L M (O = (O, 1)y ¢,
e, (O, () B YWY 5T Mo() = (0, ()s /s W0, (0D)) HFEHW T M) = O, (),
(O (O s Al M) ~ M, () s 8L M) ~ M), 8 M) ~ M (1), FF55“~" Fomtie. WIE%EH,
FAHE— W 0 R R i P oF JiG IR R, n] L2 R 5 R 56 B 4 e 2% fige e

3) Za & AT R B

# By LA B, L, I8ME By @ % B, @, 3% Bi=B,, % B, Z{ & B.; % Bi 5 B, [ SCHSH



% 10 KRGS, . —EAXPHAFRRAERBNY TR ET F 101

B SCEL, WIFK B, B, 52& B, 12k By A B.=B; # B, 5 B, SCHESA B SC8L, WIFK B, . B, 8285 B, i
fE B, V B,=B; # B,=B,, B,=B;, ll Bj=B,, Wn[idfE Bi=B.=>B,. ff5“=" £ & F3x, fiill
S BAETE. AR FIRIERE, Y A HARAR S S, WL S T A B AR, R T A B AR S 5L
B, WAy 4% 2 T A P o I ) B 5 k.

4) ALY 43 AT I ER

AHEYE: BEHIT B = (O, c1s v) s MEBEDHEE—AFIT B, = (0,4 25 v) s ffl By Al B, WL
AR B. ek, B= B, + B, (R4, BB 5 B, o[ i), 8 B= B, @ B. (WMWK FE%, B B, 5 B, Al ; A
Oy s AT L TT AT AR — 5 WA o i A TR0 W g B = (O, ¢, (O, WFEZRMLT, &
I ala™> 0, ffiaB = (O, ¢, av)s B0 <<a<< 1}, FRIEITC B[ 4/NNaB, o> 10, FRIEIC B
AT KN oB. A4 DL E B, 24— AN LU AN RE AR YL B, nT L2 PN LA 5K Fi /N R TR R S
IG5 H AL TT LA A BT L 0 K i e T I () A

5) ek 43 b7 J5 B

FEAAT S 8 2 AT LB, B SR B S s BGHR L BE L R o SR . L W
SR B TR ¢ BT . IEE . UIE TR AR, AR SRR A S AT R A 2 A TR Y . BAT Y
(1) — X I rp R — IR 2 A — AN RRAE O R A S A A R AR R A DG Y. AR 4l DL B
2410 1) B — AN BE A T I ) R, AT L R H X R A S i Ok A

2 ETFrAHMRERENESPE AT REITEZ6
2.1 ITiEEHR

S A B BB . il 8 my BEEE 1 0,75 RN 6 m, JLPE ARSI
IR IZ AL B SR HEAT LR B 4, BROR IR SR 00 M RS B0 Ok i 3 HL AT A58 v T A e 7 3R

SR, AT B 2% R R AR AN T R R SR T L A I B B T S e A2 g i D PR
FUE . BRI RR E . —JGh S RIS A P g B . G S R R e P R 35 TR
P e mE 1 s, TSR RUE M DL S TR 0 A R AR SCGTE I E A, X BRI

IR AT ISR ERE
A___
s § T
g L
\
TR\ T

B 1 SBRAEERAGFFE
2.2 EBWPHARERLESHT
Z SR T R OR R R - AR G SR ) e B i B B A OR RS e . PRSI DL
FE4R i PR e A R T O SR B B i 2 A B PR B T L B Lk T K Y B A . T
REdE R Y R . (0, ARG LS, Simc AR SAEBGPIrSmEENMES, BirS %
PEZ IR v oE . ARIERTIR A vl P2 R B, o A XF 4 L BREAE . O TR AE A BB 45 L T ] LUAS 0BT M 30 e
KHL, T2 A8 5L 50 CBP AT L2 4 09 nT #6015 s 3XRE . i ml BB FH I 6 5 119 5 50 08 i e 3 A 1 28 1) .



102 B HFERFEFIROARAF RO http://xbbjb. swu. edu. cn % 46 %

ALY bR 2l S B B p A A . I H AR HEO0 G = U, Bmimees s, 8w . &
TREETE R Lo L= {Ls Ly Ly Ly Ly o) G BANE Y — 20 B2  Hovh £ = (B, MR . J0) . 4 =
(HeSd . B9 i, Taseiss A By ma) . 4 = (PmEs, B, 1:0.75), 4, = (PYEEGm, ¥,
1:0.20), L= (PUE . SERE. 2 m) . WZ b R AT HABA P =G = L. GA L. fTEBA KL T .
HAr G MELLSEBL, @iz 5 ) P J2 ] 3 27 vf i AN RH 25 ) el

BT M, = (B, HEE, o). SREZLATFFRN . LLM, gl & s, BTG5 Hr 5 342
B AR GV . AT ST Mo B AN 2 FR.

M, =CHTTRBE, FI%, v,)

/\_/“
\ Mozz(i&ﬁ1ﬁ%&v ﬁ‘:'{i/(t’%‘:"ﬁ, \702)
/__\_/

.~'\/\\/]\/f0:(i'&ﬁ*ﬁ%&i BEE, v)

N M, =CEA U, TR, vy

M, ~CHTTR, FHT v,)
[ ——
M ~GUSFHER IS, UREFE, v,

P
M ~CHREHE, TP, v,
B2 #HaM, #4ntR

XF M, B G ) — 26y o0 . BEEEAT R BT, B AR M, rR G T I TR B A R AR R 2T Y
AT KRBT AT AR B & HOR IE X 3R89 & JR T
My, = (BETHAE#E . PP, HA)
My, = (BETHAE#E . P2, BEA)
Mo, = (A S, PP, R4
Mo = Moy @D Moy,
Mo: = Moy, D Mo

M, = (iﬁﬁ*ﬁ%ﬁv ﬁ%a Vo1 ) *‘

I, B G GIESEL, B A B Fhof 2. 4hee Xt Mo, » Mo, 56 FREAF 1) s T 2 /o i, 18 4%
TSR
M,, = s AEME, v —
e mma o, AR, ) WMOZS Mo O M.,

Mo = R, it T )72, 50 FioAeD
M, = (éE/j\Smiﬂia ﬁﬁiﬁfﬁa %*EEE/{Z—%)

M,; = (ﬁf?&ljliﬁa Eﬁiﬁﬁ’ Vs ) *‘

7

Mosq - (i,z\ijlfﬁ, ﬁﬁiﬁfﬁ, E?ﬁ%&)

G

et




% 10 KRGS, . —EAXPHAFRRAERBNY TR ET F 103

M TS AR . Bl Mo, KB RYIOTU ARG B B AR G 454G th M,y KU ¥ ot 4r o
Br. SEBr b BAE R LR SR AT LSS A AR G o875 2 8 2 09 A B4 it o7 58 it T 05 AUk — 4P i
Fr A Wo A . 45 K R A,
Mgy = Ot FpAe . o, 35T
Moy, = CEUMBFPARE . Hoxd . BEHD
Mogi; = CIUMBFPARL . Hokd . SEIED
Moz = Mosn @ M,
Mosis = Mysiz D Mo

LR B H Moy s Moo » Moy - Moy R BIYIIC . 255 % 5 SE PR B0 » Al AU ) FER N 5% 132 AT
PAFFEI LA T A7« SR GRS 55 R 38D 30 0a P A0 HL 4 BT 75 BRI ARLJZ + B Mgy s Musis s Mows « Mooy Z55 15— 2 ]
A bR G 528, ol 2 70 30 300 78 7 00 F) AR it st ol R R A e ) A R PR A AR . A 1) AR RS
P T AT R A VAR e e A AR IO 45 5 WD 0T Moy Mos - Mo LA SCERAT 648 L L S5 BE . IZOTIESE A RS G
mi%%ﬂ%T%mxﬂﬁF MLE s 0 = My, o, o) = SR PN . T AR B SR A0 S8 B R

WA AL T 3, RIS VR B 52 B2 A H AR B 8 b i 2 AN 25 PR SE B EL bR . T AR o, Gy L.

PE— M AR B PRAE P 3 S B BB . A 5 AL SR U Ak R I AR A O XL A i ke 0 R Al

AL TCRAEZ A R, AT AR #) o0 M, 4k 22 it ﬁﬁ%%ﬁ P AT R

My = (FME)Z . 78 . LYF T BO
M, = (FiHE)= . 78 . BOEF T % BD
= (M2, &, v) —| IMyy = (FEZ . 8, AN
M,, = M, ® M,,

LA R M, BRI, nTUASRILUT RN A B 4 B LT A2 B BT - 3 £ BUCRD A BT
RIRIEIFIZ BT FE 4, sCRD 2 630 BBl LA Rkl - A8 32 s ok o O i 5 A0 24 07 . it vl AP AR 2
POy R R, SCBLEE L RPAE . NI (E B AR G S, BBz ok R AE . RTBCAE S . Sk CRD B, 3 CRD 3
T, WA T PP )Z, &, B A CVvO B A (V) BT = M. it nl 15 28 & 851
M, =M, =M, =G, WS4 Bl 2 0 07 B 35 7 3 BRI (00 30 v AT (50 3 ot T%ﬁﬁﬁf@wﬁ, LN S
ST R T %, THMR RS, Gy Lo SXRREE AT A5 B AL S i 2 Fh o 58 (B 3) ol 7 Bl B 1) o A 2
AR BB AR Y, B CHD A TR R o b 22 el AR AmLﬁMEKW% Xy R, g
R B G AERRE R A A L R4S B R EOR T A TR AR B TN . e, B Ak
A BT DA AR A TR AR B PR AN TR AL T K I T T S TR RS
B4, sLORD 28 B 2 PO TP P2 00 35+ VR R 2 . Rl T3R80 80 AR 052 F 59 0 T I it T
T 7 2 AR oC S ), XS T3 B o 20 & A2 Ef ot G YD, B 3 (D), (), (DL (), (D) 4§
A N TR AEAL . SR RBL T AT P B B T A RV AER S . B N T RS = R O B Fr.
T T AR 5 R i T

3 Jitowmass
3 W T B4 BT, R AR T RAR i TR S BRI, W AR A E. BIKEE, (
T S T A B . (E R B 2 R A M T BT R B Rl s (b)Y L (o) s (D BT LN T AR, (042 44
'mw®<@<b<yﬁ$%%§%£AAIﬁmﬁ PEGHEEEN, HAES S GhM S EE SRR
s (h) O Z2 A AR AR & BURP AT A0 7 58 . FR R, B st i .



B RKFFRO R FRR)

(€9) oy
B3 E2&5FPHFZH

MEL L2 53 B ol LA LA 3B 4 B H AR 2R o0 ki A3 RT3 20 B JEUBE . 424 H bR FE o0 iy Al
O AT DL N R B A 40 e 20 . AR A5 3 2 9 A 305 B . O 20 B A D o i B 41 R
GORL AEFZ I AT 3 AR R b EE AR TR . ML SR R R T REZ AT DAY IR ML
T AR E . TR SRR b AR R A B LA R A D T R A B AT AT L I R A A R A
XA AR B i ST HEAT IR A . R AT S AR D BT . RVEAT WSO A . WACB O A B R R SR R
iR DRI I [ 1) 7 0 AR 2R B — 1 T LABA S . SRS A TC M, A OGO rp A OGO R BRI T AR AR B
RS KX TT Mo BIAHIC AT+ IS Wl 4 it B A OC HE T vh B X G L RRAE L 5C TH AR AR A B0 45 0E AT
KT R AT B B 2 5 A S P R R T R

e T AN A5 AR R I 3z AT 30 R0 A2 4 7 32 ARG 3 A 25 B 4 B T 7 SR — R R AR AT

D BRG0S0 3 H b, I H AR DT R JE 23Rk k.

2) 2498 HAREE T AR SC LA, DUAH ¢ W 9 B 53R 08 3 b AL

3) FZHHAH I T B T Y A ORI . LA OB BB SR A X A R

4) N B K BB S5 el R TR RE A D ) A BE T B ST Y AL . AT IR IR RE i H A S
LAY 25 RN . BRI R S P B AR T &

i 1o S bR > AT G R LR R A A SRR TR A 4 PSSR NI AT R T R B L
B mPERLTT . EE MR Wil V2 A A BB, 22 B0 OO RO R A e IR . AT R 4 Y
Bii 4P 7 48 . A BB RERT B ABLAF U7 S mF . A% DUR R

TES 2 A0, AREZ 48 B AR DTHY A SC RN, RIDRE AR 200 B AH OC RT3 80 PR AN T 9 68 52 B AR 25
PR E R 7258 3 b, BRIZ A R0 00 K OB RIS . PR 4 5L 0 i 2 5 R F AT



% 10 & KRGS, . —EAXPHAFRRAERBNY TR ET F 105

AU, W2 H AR TE A e B R ROR 1Y 38 T DLA2 48 FAL e A R, e85 3 A6 b, I ARE ) o A0 X
TTAR B RN L ARSI O T 07 2 i A

4 % it

B S T AN B2 B AR X — Z5 AT A5 AR A I FARAH vh S B O J TR AR, AR SCHR M T — R T AT 4 R
i ) o S M 7 1% 38 1T SR R i 00 T 3 A D o i T AL A b o, OO AR R R, Tl X
JUH RSB RFAE  OC TR B9 B RS AN Wt AT 90 8 0 M JE RO B T A ke 1R RGBT IR . BT BE 65 45 &
Tl R B R O R R T 5. S b R P AR R B kW A, R A B s T
AR AR s AT S IR AT 3 AR A B B BT R R D A T AT LA R AR R A A BE
JI\ G0 RN BEAOBE. AR STy R B4 BT LR . TERT LS A PR BT SRR K T R AR
TR A BB BT R AT AT R . HA E R TR A (E

SE K

(1] g dfasnl. Hrs&Amiotde s (M1 dbat. AR ik, 2005,

[2] ALIF. Use of Vegetation for Slope Protection: Root Mechanical Properties of Some Tropical Plants [J]. International
Journal of Physical Sciences, 2010, 5(5): 496-506.

[3] MITCHELL D J, BARTON A P, FULLEN M A, et al. Field Studies of the Effects of Jute Geotextiles on Runoff and
Erosion in Shropshire, UK [J]. Soil Use and Management, 2003, 19(2): 182-184.

[4] GIUPPONI L, BORGONOVO G, GIORGI A, et al. How to Renew Soil Bioengineering for Slope Stabilization: Some
Proposals [J]. Landscape and Ecological Engineering, 2019, 15(1): 37-50.

(5] ZBHAm. REAREM AR M [M]. doat. ARZCH b, 2005,

[6] % 3¢ WHHHEGHAMERM [J]. B#RRFAH, 1983(1): 83-97.

(7] % 3¢ BR#e. TR IRal i 5Ok R [J]. Basii, 2013, 58(13): 1190-1199

(8] MHE#, 5 0. AR 57 G RAE I IE [J]. B4 4. 2014, 32(36) . 15-20.

[9] YANG CY, CAI W. Extenics: Theory. Method and Application [ M]. Peking: Science Press, 2013.

[10] sR4ifh. #r. AR EEMCH ., & R EKHEMA [T, B2 RS TR, 2014, 14(8): 280-284.

(1] FRppk. BT REG W EAAR B MR E DR EWITTR [T, AR, 2020, 37(2): 40-46.

(12 S4EM . 7 ¥, AR, %, @RI RS £ W 0 EM SifiEE [T, Pim K% %M AARSMO . 2020,
42(8) . 74-80.

(130 #% fh. PhEEE. £ B, 5. 20 BECHE D 30 T 8 RO SRR [T]. A8, 2019, 64(11): 33-39.

[14] 4P, EEI 24 BEH#F M ERAEEAR [J] A @Ee O HERMD . 2018, 14(11) : 246-248.

[15] BELLA G, BARBERO M, BARPI F, et al. An Innovative Bio-engineering Retaining Structure for Supporting Unstable
Soil [J]. J Rock Mech Geotech Eng, 2017, 9(2): 247-259.

[16] 2%, &M, ¥ T, . T PHCOCR BRI EMRY [J]. FERE M. 2019, 14(4): 619-626.

REHE 2%e





