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Fig. 1 Lattice structure of organic materials
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Fig.2  Schematic diagram of skeleton material
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Fig.3 Comparison of water permeability of materials
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Fig. 4 Fatigue resistance of conventional materials
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Fig. 5 Fatigue resistance of skeleton material
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Fig. 6 Impact resistance of conventional materials
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Fig. 7 Impact resistance of organic skeleton materials
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Fig. 8 Cementation performance of organic skeleton materials

HITE 8 FT LA Y, W MURT R K PR I il £ i TR 5
B AR FRFEE 0l B v AR R, 8
809 A L 5 A AR I 1] AR R il 7 F R, A LA 2R
PR R T v B R /N AN 3. 6%, JLF- B AT
PR ARl L A HLE 2R AR 3 R R4S e
PEPERE , X T TR B T 50 A 11 A 8RB A AR
TH KR H

VLIRS R R A LA 2R RS B 4 A
P L e 58 5 AR A% G i S bR 1 iR B
VAt i 5 B A PR e R i S AR E MR 2K
il 36 BHLUS A ¥R B oA D0 R A R K AR D R AR E
PUOLRERE ST , IR bt BB A2 TR A SRR JBE A 2K

3 TIEiXIEsLHl

3.1 IE#R

FEAE AT BTl X, SR AT HLE 22 6
BB R A B 2 SR/ N M R IR 15
T EARZ 3. 4m, WS 5m, b FHIEA6.5m;2 5
WA EAEZ 3. 28 m, ATRS. 7 m, i FHEIRZ 6.7 m.
258 P RN ASCERI , R TR IR 3 R B R RDE |

S A AR AT FE B T AL 90,
TN R K KR P A A 3 emes™ o I 7R
@D—L‘AF&—] 90

/& /& . /&

RN

9 BRSHEHRTEE

Fig. 9 Schematic diagram of karst cave distribution shapes
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Table 1 Physical and mechanical indexes of rocks

BHAE BYPIEE B B RS WEE
% 4 /GPa i /GPa y/kN-m™® ¢/MPa ffig/°
1 0.512 1. 846 21.95 0.371 31
2 0.523 1.615 23.72 0.352 29
3 0. 547 1.433 22.43 0. 347 34
4 0.512 1.127 21.84 0.362 28
5 0.453 1.246 23.42 0.371 29
6 0. 547 1. 357 24.14 0.353 31
7 0.471 1.776 23. 66 0.375 32
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Fig. 10 Contours of cement mortar material after filling
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Fig. 11  Contours of organic skeleton material after filling
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Fig. 12 Simulation calculation model
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Table 2 Comparison of measured and calculated displacement

KA BHME

REEL
THAE/cm SEME/ cm w2/% THEAE/cm SEAE/ cm w2/ %
T3 1 9.512 9.127 4.22 10. 362 10. 738 —3.50
Al BE 1 6.153 6. 246 —1.49 7.371 7.476 —1.40
i EE 1 6.247 6.357 —1.73 8.353 8.519 —1.95
T T 2 1.512 1. 446 4.56 4.371 4.483 —2.49
el BE 2 1.423 1.615 —11.89 2.352 2.519 —6.63
A BE 2 1.247 1.433 —12.98 2.347 2.461 —4.63

MR 2 AT LA, B S I ) K 8 il (3 B8 (.
PN FRAETH R SR 0= h TR TR R % &
W B IR PRI RE M, AR S PR T A R K SE
PRAT — & By R T, O B2 il— s TR R L X 78
SRR T SCP# 50 B0 AT A — RE Y2 IR, DR H X ¥
(A% 22 B Mo R K B PE BRI T A rpid m]
LA, B S 5 B AT A 4R f R R 22

B KA 12.98% /N K 1. 4%, —HHA . g N S
TR A 15 2 6 3L 0 0 k328 46 % [ — D T 14 6 0 1020 30 40 50 60 70 80 90 100

) /d
B 14 2SERENE RS
Fig. 14 Vertical displacement of No. 2 cave roof

AW 5 EAT 96 d P AS T] T LI, ) 4SS 76 R A 7
WA, 15 205 8 500 F iR FE 85 89 Bl A R 28 1k
FUEE , HA RS SRt a] 4 56 R AN 13~16 fIF 7 .

-18 | | | |
LAl Sah
-4 — — — i 3 w E
-12 =
E o
S 10 — ] &
g -
o 8r B )
2 -6 . ] BY
¥ -4 r —8— A
‘ | ‘—(0— T 5
2 % T T —A— Amiske
0 ‘|‘maﬁé% Lo 40 b by
I N A S 0 10 20 30 40 50 60 70 80 90 100
0 10 20 30 40 50 60 70 80 90 100 i)/ d
i1l /d B 15 1SREEEKEMR
E 13 1 SHEERE LR Fig. 15 Horizontal displacement of No. 1 cave wall

Fig. 13 Vertical displacement of No. 1 cave roof
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Fig. 16 Horizontal displacement of No. 2 cave wall

FEIR (PR J 2R 08T DUOEAS AN B AE K7 1] i I
B BT 1 AR /N TR JERD AN R o B A A SCH
VEREE A5 i, i T 28R R K A B A, 7 )R
SRLS A R A T B AT A, B K7 ) e A
T i A% 5 S WK RS I AL L, i TR BERE T 22, H.
MR Z AL HORAET AR LR,
SCIPRCR S FESSUR AR BIAR . 1 IR S 45 R 5k
A 55 RUE AL 23 BT A HE A L — 2, SR MR AR AL
R 3 S RS PR O

5 & it

(1) B BRI A BILA) S5 i 2 2 B R B BBz, A
RO T e 40 0 ) LR Jo 4 R S P o, 0 ) o
FRIE R BRI A BRI, 507 OR A 5 )5
ST IR E B f A 454 5

(2) A L 2R R g v s s e, B R4
AR 32 K P RE U 55 PERE BT o i PR RE IE &5 YR Al ik
AE , FLAS R 5l BT TR OE T 1% e SE O L i)
T JEL S T T 35 B YA B AR R R RRE S B
BEYEREOR , S 1SRRI RE

(3 )8 2o 52 30 1 3k A vp HC (B 23 A 5 B3
LERXT L, —H WA AR A U OB AT RS DL
R B — B, R PE R 5 2 Mk

A E AT, AU Oy B R ML al DL & T
FEiE T

S 3k

(1] W 7T 57 M T 5 I X b 5 39 B At 4 B [ 7). el 4R T
PH AR 541, 2018(32) : 3451.
(2] JEESHr, 5 . b 05 6 b 5 ¢ 1 A R Oy AR

[3]

[4]

[6]

(7]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

[20]

(7], X343, 2018(50) : 182-184.
IR, SRR T, BRI, 45 V2 5 1 R FL e LA 3K
BWsE (1] 02 5 AR, 2018, 37(3) :652-661.
FRR L IMAEIE 2 . ST 255 75 R 1 175 ) Ak 2 AR F
F¢ [T ARARZGE R4, 2018, 35(3) : 23-28.

XS A P T A PR ST R AR W Ry B s [T, Bk
PEHESR ,2018,37(3): 77-81.

N SR, B S0, AR L R4 RORE SHE VPR R S s
FAEOGHERFE [T ]. 5 42 J1%, 2009, 12: 3803-3807.

TEB L, Sk, A, 45 3 2 R A T o i I s S SRR
TTEERERNR AT [T K SCHLST TR BT ,2012(3) - 84-87.
SRR TRAR RS S5 BE T IS B G 1 o 1 e
WL [T] ARk A BEBER , 2018, 35(3) : 52-58.

AN, AR i, SRR DXOR SRR B S R 1
IR AEAR RUBEIL[T]. Mo T 23 0] 5 A 22 4ig, 2019, 15(1)
93-100.

B A, ARG A 3G B S AL IR R R TR AT [T ]
BB HH, 2018,58(11) : 112-116.

AL R, BT A R b SRR e B 25 b P
HRI it TR 2017, (21):75-80.

Antonio Santo , Paolo Budetta , Giovanni Forte , et al. Karst
collapse susceptibility assessment: A case study on the Amalfi
Coast [J]. Geomorphology, 2017 ,285 :247-259

Hou Xian'gang, Shi Wenhao, Yang Yang, et al. A non-linear
flow model for the flow behavior of water inrush induced by the
karst collapse column[J]. RSC ADVANCES, 2018, 8(3) :
1656-1665.

Huang Fu, Zhao LianHeng, Ling TongHua, et al. Rock mass
collapse mechanism of concealed karst cave beneath deep tun-
nel [J]. International Journal of Rock Mechanics and Mining
Sciences, 2017,91:133-138.

Liu Honglei, Li Lianchong, Li Zhichao.Numerical Modelling of
Mining-induced Inrushes from Subjacent Water Conducting
Karst Collapse Columns in Northern China [J]. MINE WA-
TER AND THE ENVIRONMENT, 2018 ,37(4) :652-662.
R Sharapov , N Lodigina . Calculation of the Strip Foundation
on Solid Elastic Base, Taking into Account the Karst Collapse
[A]//IOP Conference Series[ C]: Materials Science and Engi-
neering,2017,221(1): 012-023.

LiJ P,Nie QK, Liu Q S, et al. Risk assessment method of
karst ground collapse based on weight back analysis [J]. Rock
and Soil Mechanics,2018,39(4) :1395-1400.

Paul L. Broughton; Darrell Cotterill. Breccia pipe and sinkhole
linked fluidized beds and debris flows in the Athabasca Oil
Sands: dynamics of evaporite karst collapse-induced fault
block [J]. Bulletin of Canadian Petroleum Geology 2017 , 65
(1):200-234.

Frumldn Amos, Zaidner Yossi, Na'aman Israel, et ai. Sagging
and collapse sinkholes over hypogenic hydrothermal karst in a
carbonate terrain [J].Geomorphology 2015,229:45-57 .

Arul Kumar M, Capolungo 1., McCabe R J, et al. Characteriz-



F39% HE3M JEI AR AL SRR ST VAR 5 S PR AR SRR E RS A 425

ing the role of adjoining twins at grain boundaries in hexagonal B WY [J]. 5 A 125 TR 244, 2016, 35(5) -

close packed materials. [J]. Scientific Reports, 2019, 9 (1) : 980-988.

38-46. [22] sk, W SCM  BEAR 52, A5 K AL 3 JR A0 1 2 o T2 T 3
(21)  BUHs 2R, £ 578t B i S N Al 22 R He AR 86 R B ge E 7T, TR HLF 40, 2019, 27(3) : 659-667.

Analysis of support performance and stability of the underground karst
cave filled with organic skeleton material

ZHOU Jiejun', CHENG Feng?, WU Di*, XIE Tingyong', SU Xiazheng'
(1. China Nonferrous Metal (Guilin)Geology and Mining Co. Lid . , Guilin, Guangxi 541004, China ;2. School of Architecture and
Transportation Engineering , Guilin University of Electronic Tecchnology , Guilin , Guangxi 541004, China)

Abstract Based on the adsorption of organic skeleton material, we analyzed the mechanism of organic materials
reducing the conductivity of rock mineral electrolytes. The good water permeability, fatigue resistance, impact re-
sistance and cementation performance of the organic skeleton material are verified by penetration tests and anti-fa-
tigue tests. Under the condition of static load, we made an actual cave filling application to verify the filling effect
and material performance and obtain the variation law of subsidence displacement by establishing a simulation mod-
el. The results show that the organic composite material can reduce the activity coefficient of mineral elements, de-
crease the dielectric constant, and form stable lattice structure when combined with mineral particles. As the filling
material for karst cave treatment, organic skeleton material is superior to the traditional filling material in terms of
structure and durability, which can meet the material requirements of strength, stability and permeability in the
karst ground collapse treatment project, and effectively improve anti-settlement ability of the foundation. The nu-
merical analysis in site filling construction process is well consistent with displacement change law and settlement
trend from field monitoring, which indicates that the calculation parameters of the numerical simulation are reason-

able, and the simulation deformation law obtained can be applied to guide project construction.

Key words organic matter, skeleton material, structural performance, numerical simulation
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