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Numerical Simulation Study on Support of Auxiliary Ramp in Deep Mining of a Metal Mine
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Abstract: The stability of deep roadway is one of the keys and difficulties in deep mining. Taking the deep mining of a hard rock
metal mine as the engineering background, according to the ground pressure stress test results, FLAC3D was used to construct
the numerical model, and five representative altitudes were selected to quantitatively analyze the auxiliary ramp stability under
different support schemes from four aspects of stress, displacement, strain and plastic zone. The results show that when the
circular arch is supported by C30 shotcrete with a thickness of 100 mm, the auxiliary ramp can remain stable at elevations of 2
325 m or above, but it is unstable at elevations of 2 175 m and 1 950 m, so it needs to be strengthened. When the floor is laid
with C30 cast concrete with a thickness of 300 mm, the floor within the elevation range of 2 850 m to 1 950 m shows unstable
conditions. Three schemes of strengthening support were studied respectively: only increasing the shotcrete strength of the arc
arch support body, only increasing the shotcrete support thickness, and extending the arc arch support body into a
cylindrical support structure. The results indicate that none of these schemes can maintain the stability of the deep section of the

auxiliary ramp. A joint support scheme of “cylindrical structure+ sprayed steel fiber concrete + lagged floor building” was
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proposed. Calculation results has verified the feasibility of this scheme, which is recommended for the auxiliary ramp below the

elevation of 2 325 m in the mine. The supporting body is cylindge-shaped CF35 sprayed steel fiber concrete with a thickness of

100 mm.

Key words: Deep mining, Roadway support, Shotcrete, Roadway stability, Numerical simulation
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Table 1 The fitting equations based on ground stress

components at different elevations of three boreholes
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Fig.1 Fitting curves of three ground pressure stress components
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Table 2 Allowable displacement around tunnels and caverns
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Table 3 Fitting equations of allowable displacement of

roadway with buried depth in [ types of surrounding rock
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Table 4 The basis for discriminating the stability of shaft and roadway engineering
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Table 5 The basis for comprehensive judgment of

stability of shaft and roadway engineering
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Fig.3 Numerical models of auxiliary ramp
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Table 6 Physical and mechanical parameters of materials in numerical model

= PR /GPa BUAT SR/ MPa  BHEES1/MPa  NEEEEM /() HEL/ 24 W/ (g/cm?)
R (B 8.84 0.58 0.82 45.80 0.23 2.79
R R 8.95 0.54 0.91 43.46 0.20 2.76
TR (D 8.98 0.62 0.82 40.00 0.24 2.77
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Al 1 0.80 0.00 0.00 20.00 0.25 2.55
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Fig.4 Simulation calculation results of the section of auxiliary ramp at 2 325 m elevation
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R AR IR, AT AR R AR e . B HER 1Y
T TR AR BT 52 B B Sz N 7 TR)RE 2 T ) | JES Al T I
[N S Al e S AAVA A N R 71 VAU B N2 2
AP AT AR R AR RS

C30 M S 1R B+ A e v TR B = (9 B T H O 9
SRR 14.3 MPa, # BE N J) 408, 7 2 850 ~
1 950 m = F2 3 B P, 3t A S 4 0K BT 32 3 1Y R N )

523 /N Rl & DTN 10 A S 95 L . A B 1R 27 N Gk
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Table 7 Allowable displacement of surrounding

rock of roadweay at different buried depths

%9,
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Table 8 Results of comprehensive evaluation of

stability of supporting body

WA

R R/ RV RTENE RTNE
R /m m THR/m R /m ¥J{EH/m
2 850 350 0.009 6 0.028 0 0.018 8
2 550 650 0.016 1 0.047 8 0.032 0
2 325 875 0.021 0 0.062 8 0.041 9
2175 1025 0.024 2 0.072 7 0.048 5
1 950 1 250 0.029 2 0.087 6 0.058 4

I 7% B8 S A E R W) BRI AL R g v, AT
FARVFLRE R SRR L AE 2 850~2 325 m i R
BBl Y, SZ P AR AL RS HETE 0.004 8~0.020 5 m Z[f] , 1
RELRFF £2 5 s £ 2175~ 1950 m i Bl 4 o 8% ik 76
0.011 3~0.031 4 m, 2B 0 LI #5 A e A 384
FoUE s IR AE 2 850 m AL B & 4F 0.004 1~0.018 1
m Z ], AR TP AR E s 7E 2 550~1 950 m i [
NS TE 0.006 8~0.080 4 m 22 [A] . JEE AR Hr il 45
AEEE .

S TE PR L S AR R AR A R A R AR R L it
TO0 A5 Ak =2 4 R ¥4 R A — i A e 0 725 DS AR v
Wi A TE MR VR 1 0 AR TR R TR A B AN AR L AE
2 325 m e DA v R B, HE R RN JRC AR T i 1) S P 4R
AIEARFF PN 5 W AE 2 175~1 950 m =5 FE 0 Bl
AL 0 RS AR PR 3t 1 AR T R PR R s 7E BR B 2 850 ~
2 325 m i Bl Y, ARHETE S AR A 0 AE 3K 0.002 6~
0.038 0 m/m, Ht B4 fa i HE R R € s 7E 2 175~
1 950 m L A, hifi i 2838 0.007 8~0.050 8 m/m,
Bt R AR FE 2 s 7E 2 850 m K B AR B L U
B A 25 3% 0.001 5~0.013 3 m/m, P &4 T
— R RS L I R 7E 2 550~1 950 m
e R L P JIC AR A AR T 3K 0.006 9~0.076 7 m/m.,
HARATGE .

i 5 $9E R 1 18 o 5 T L 2 1 9 X T AR
B8R S AR b A A B B B DD S X, SR S
WAL T AT E RS s fER R 2 850~1 950 m 4b, K
M 38 P DX A T 5338 RS . RS A & 2B T 8 1) 98 1
I AT AR IR .

HRE e 5 P 2R G PP R AR X R ] S8R b 1
SCAP A R ARCEE AT R o 0 ) ) 0 25 SR L3R 8 AN
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m o ] Jij| Zﬁ;%
B F1 R F7 JESE I A Y [
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x99 ERBEEMHGSHAMNER
Table 9 Results of comprehensive evaluation of
stability of bottom plate
7 7S i 2 WX
pr PN g e i i
PRy R S LK DA L B
2850 faE ARE BREE BEE ARE AR AR
2550 R ARE BARE ARE ARE AR Ak
2325 FE ARE BARE ARE ARE ARE AR
2175 FE ARE BARE ARE ARE AR Al
1950 faE AfE BARE AMoE ARE ARE NEE

HRAE 1 3R 434, %l Bl A} 3 3 7 SR L C30 M 43 TR
BE L S B R SR E N 100 mm R AF T TR
22325 m M DL BN AT DO R A e (R 7R = 7R
2175 m M1 950 m FRIL A AT E R, 7 L 058 52
1. AR C30 e R BE A Al R R R
300 mm MISETR ERRR 2 850~1 950 m i Bl N
RIAATERE,

L ORBHEE B LY EFL

kT 0 RSl B AR 3 B S A AR AR AR
WHIET LR 4 a2y 5 % .

(1) PR AR 38 W7 1w R AR, 4 5 B g HE 2 4
AR 1) W5 S TR R - 5 B (AR IR MG iy C35.C40)

(2) BE s SR EE 4 S4B (R k150
mm.200 mm) ;

(3) i e [52] 5ICHE S 47 A Ay (8] 6 bR o i S 4

(4) “[BI G AR 25 4+ Wt Sk A 24F AR B + -+ S
R B A

B A8 B AT B AR S 3.1 BT AL AN i
Bk, FEFR 6 YFERN 1L 2 B R &R AN S L 0K
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Table 10 Physical and mechanical parameters of materials for simulation of strengthed support

M RE2 FR o A5 ) WAPER /GPa PLPIMRE/MPa  BiER S/ MPa  NEEIEEM /() MER/N A R/ (g/cm®)
C35 30.00 1.57 0.20 2.25
s BV BE
B 5 C40 35.00 1.75 0.20 2.25
CF30 30.00 2.37 6.50 37 0.20 2.35
5 5 4 2T 4 YR+ CF35 31.50 2.60 6.80 35 0.20 2.35
CF40 32.50 2.82 7.80 35 0.20 2.35

28415 SR C35 Fl C40 Mt IR B 4 S 3 IR
SRHERE 7S 2 2 175 m A1 950 m &b, [ AR 386 i Al
SR X5 P 5 2 SR R R R BB AR R R E
R TR EE R < R I ACHRE g Mg S TR 56 - 9 B LR
F S R = B S 100 mm BN SR S 305 28, R 2 LA
1885 2 175 m F1 1 950 m 5 BBl N SR IO R 8 1k

FECRFERE 2 3 Wi TE A 28 1 0L T L R 9I0E 32
PP AR JE BE A DU FA O A A A R FE R 150 mm,
200 mm fY WE VR BE + S8R 9F 48 SR A €30,
C35.C40 Mt iR & + 0 S 8178 45 R R,
JUEHEIN T 3R 0 R B O B L B H A SRR
R S 4P IR Ak TR E RS .

5 3 DRI T R SR 8 T TR X S s8R A AR S
e, 4 LU >R T TBM 4 32 4 Bl A4 3 T8, 7 18 A £ 5t I
BIE . 88 J5 Il 3+ A i, B J5 s SRR B8+ IR Al
WL 5 TEAE R 2 A SRR b K B R S A H 7 i S i
IR Y B — A B R 7 Sk . ¥ 100 mm
JEH) CA0 Mt Sf IR BE + E AT BT B S5 SR R,
100 mm J& C40 58 B 19« B f 4R 7 SCAP R AU 8 1 3%
Tl 77 A2 3.304~3.776 MPa BRI S, FE I S7 45 1
TR R A SRR R AR B IR {H T [l 4 RR B
JEC R 118 78 55 N S e HE R 00 A B 5 AR R e
HNFE TP A e R 26.254~29.241 MPa () JE R 7, 3%
— I SRR AP R A 3R T AT B T A R B Y R A
TR S AE A B R R AR 235 g B R P 5 TR G AR 5 S 47
TRZE G AL o 52 Hb 1 ) 55 FEAE S S8 AR W i 7 A= 1]
SR o N A o N R VA Rta o - E U 1 o )
Jr T A HE I S A A 2 BN R IR A 1T R BO
WA REARERS., GHME . ERFEA X
IR BE R AR B LT LA CA0 55 SR TR 5 A i ol 5] £
ARG A R LIE 2 175~1 950 m {5 2 3 [
(R ARH 35 T8 B AP AR DR B AR E

W% S5 4 2T A T e A 2 5 i TR B L 1T LA
P v FE AT o i, R IR TR BE PN R e B Ak Y 1 g 4
W R T DUBH 1k B4 B 19 7 AR R R R, BT R Y 3
i) Preh i ERE L E LT TRPER TN

I P o 7 08 0 A B e 38 Al B TR s i
F Y A 25 SA ARTEAR O (B 5 6 A S 5
SCHEBUBIPER . O ORI R IR SR AR B 2 A 52
RV e B 12 i TR0 2 R b N 35 R DR TR BE 1
JRE AR R S AP AN B 98 A8 ] 1 51 K S AP R B IR L AR
SRS AR 2 18] 18] SELRA I A o g L A S A
g AN 55 B R S AP R R 3 CRP PR 5 — S B A 4
B8) . R I AR A R - W 2T AR TR 5t 4
G SRR SO iE . P S S R RIT7E TR
ARSI R BA — @ E 2 )5, B AP &5
BE SR BE L J A, I (08 18 SR TR 5 - JFe Al 33 e [ J3
4 e AORE S A 7 A T 2 4R B AR ol A R R
TR BE LW 5 i A = A B . I W R
AT AR 19 o 67 430K Xof 14 A e A% 33 2 [ i S 4
PR JEE T - DTS 31 4 S AP PR 2 4 S B ME RO VR T
PE PR S A AR E 1
MRIGCRILT IR BE ) TG/ T 472—2015) MR
B+ 45 0 T HLYE ) (GB 50010—2010) (2015 4F
R« 2 B8 R i 4 B9 AF A, 2F 4 AR 30
mm, 5 EAE 0.75 mm., WL 4B &= 0.6% (K
) B2 2 X IR BE b B0y 5 EE Y 52 R R KU 0,76,
Sk VAT B WS B9 25 4 R R BT O BT
MPCESR L, IR 11,
11 DGR A 4ER B £ A9 IR D
MEREMRERE
Table 11 Design axial tensile strength and compressive

strength of sprayed steel fiber concrete

BTl i e R NNE WS

BESH 48 /MPa 8/ MPa
CF25 2.105 16.700
CF30 2.377 20.100
CF35 2.601 23.400
CF40 2.826 26.800

THEALAE R R L 25 5R T [ AT IR 45 44 -+ W 4R 2F
Y TR B Al I T R IR N5 ST AR L T AN AT 4
A AR T TR BE 19 ) # M RE  H T 32 0% )
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WA, FE 2 175 m Al 1 950 m ¥R =ARLN 7,
R 52 N 38 K T Ll Bt i B Eﬂ‘ﬁ"gizmkt,
T LY R RAAAE — A6 25 1 . BT 32 e v 7 A

Y = 4k 2 (8], T IR B A R E%uz!&ﬁlﬁ%
JEE 378 KT SR BT e 5 B L DR L &5 A A ) ) 48 A
AR VT DR R AR R E M . R R B
TR A SZAP AR RORHEFEE AT 100 mm JE Y CF35
W% 5t A 4T 4 VR 1

5 it

HR A5 Hi 7 7 3R 25 5% L B A FLAC3D #4 8 50 fE
FERL, Ve 5 MR RMER @ RE AR T A2 S R AR
S X YA 7 T, S A BT S TR S 80 O 6T S B AL
B3 L RIRS A A R L AR AN R 4598 .

(1) 7ERFEEE R 100 mm 1 C30 W55 % 1
LR IRHER R B A GETE 2 325 m KD bR
BEnl LR Ffa 2  AE 2 2 175 m M1 1 950 m kb3
P AR ERAS T BN S

(2) R HHJEREE K 300 mm B C30 B854 1R 5 1 Al
BEEHR  JEEARTE i 2 2 850~1 950 m U [l N e 9y

(3) MEATT A T AR I3 SICHE = 4 1 1) g S5 TR
% 5 R AN I e S TR BB A S b TR B | A e [ I HE
YA B R S S R RO S O L A5 R
ABEMERR G 2 325 m LATF 0 B P9 B4 4 B it 3 A
PR T T R0 R 5 4+ W I A £ 2 R R - 4 S i
JETBRA Y S BT UE T % R E e,
WA ILAE S 2 2 325 m LLF A% Bh &M E 8 100
mm JEAY R AR CF35 W59 27 4 1R e + S .
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