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Backfilling quality-efficiency-benefit relation and its optimal control method

for solid backfilling mining

WU Zhongya'? ,ZHANG Qiang'*,ZHANG Hao'* ,ZHENG Qingxue’,LIU Hongjun®, TIAN Xiuguo*

(1.School of Mines, China University of Mining & Technology ,Xuzhou 221116, China; 2.Key Laboratory of Deep Coal Resource Mining ,Ministry of Education

of China,China

University of Mining & Technology ,Xuzhou 221116, China; 3.Kailuan ( Group) Limited Liability Corporation ,Tangshan 063006, China;

4.Kailuan Energy Chemical Co. ,Lid. ,Tangshan 063006, China)

Abstract: The relationship between backfilling quality-efficiency-benefit (referred to as “BQEB” ) is a problem that

is difficult to avoid in the theoretical design and engineering implementation in backfilling mining. Also, a quantita-

tive characterization method of the BQEB relationship has not yet been established.In this study, for solid non-dense

backfilling and dense backfilling mining, the concept, characterization theory and optimal controll method of BQEB has

been put forward. Take the process of gradual compaction of the backfill under the action of mechanical tamping

and the compaction of the overlying rock in the gob as the link, an analysis model based on the relationship be-
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tween the solid dense backfilling BQEB, backfilling process, backfill parameters and compact state of the backfill
is constructed.The relationship among BQEB is expounded, the meaning, solving process and calculating formula of
BQEB are presented with theoretical analysis method.Based on the single factor variable analysis method ,the influen-
cing laws of four backfilling process factors,namely tamping times, single tamping times, dumping time of single back-
filling shield and stack height, as well as two backfill factors, namely angle of repose and initial packing density of
backfill ,are studied, and four types of BQEB relationships are obtained. According to the BQEB relationship law
and combined with the key parameter design process of backfilling mining,a BQEB optimal control method is pro-
posed.The BQEB analysis of the T;292 backfilling face in Tangshan Mine shows that the surplus tamping times were
implemented during the backfilling ming,thereby the backfilling efficiency and benefit were reduced.lt is recommen-
ded to optimize the backfilling materials and reduce the tamping times, so as to ensure the backfilling effect and a-
chieve a better mining efficiency and benefits.

Key words: solid backfilling ; backfilling quality ; backfilling efficiency ; backfilling benefit; backfilling process; pre-

cise control

BRFEHOFRIEAR L RS 20 T bt seda
ERB DAL RS S FE L ZR WU [ (A i 5
7 BRI 2R R 2 8 — R 1k B R 78 + X7 S By
B RTINS D i R FE T
& FEBUT R AR HIE OB A M BOR  FeHHi
BRI B O AR R,

TEE R FEROT R 38 5 S SR BE B THER
R A )2 B BRI BBt de A o )= A i
R RS T HEA M PUETE A ), TURAR % )2
SR B 5 i 2R 5 Z B, FEsk
REZFEBURSCR R R T 2 BEA IR
SHEES 7 TR < S E - NN PR
LT MR B, FEBOCR MR B 5 B2 A1
TR T S AR AR R AR, (R LA PR IE S S 45 ] A%
RIS B TR B AR T E L, IR Z
ST LM E B3, AR T ZST 1
FEHICR M S O aa A AR 22 57 P SR T 205 e
RHOR BCRMR G (AR =207 ) 1Y E R R R TE
TR RS Ui B TR S H v LAt g [P

[ PR SETE BT R bR 1 IR T ASE i s Bk
FrFsBRT Rz P BRI F5 SEAR L, 5 BUE (R TE IR
TFRABCRFNR G W AR T 15 A TT R . SRR A
R — BRI A FEEOT R B R 2R, S 55
P iR RO B R e ST AR A A BT BUT R SR
BT 78 U R 1 R R Oy e R =
AR T AR R AR T R

e AR FEBCR R IT T, AT TR T e bt
IR S AUAE T, SOt T S BRE SR S5 S AL
PSEH B T IR SR FEBUR DR AT P UL 5
S8 TP A AR FE BRI F8 by X R ik
TEFCHGCRIETH T I, A H T T &R R 7E Rk

JR FEAE B R SR R BOR M i SO R A s ik
PRTF TR M B AR H R B X TR
s ARSI ST . £ bl g, H EiX T [ R 78 30T R
“ =2 WIE ST R AN RS A i, RIE L = AR B E R
MEIT LA R T 1%

SEFAUNS FEIOT R =200 i B R AR LA
HIOTEHATOSE, AL T 22 8ea B e
T, BEMS ORUE FEIRUROR I 51 o FESCR Pk i, % 58
BOPR A 2R A BE R 85

1 REFRZIXFEE

1.1 “=%H"RIAFEE

(o] AR TSR g B 70 HEL ) 28 S A R ] 40 o % S
FRIFIAR S S o AR S s R R A
SR ER AR, A T R BRI KR 554, — A%
BIARFT L, M LRI T =17 2k, &
XoF I 1) S SE A OREHEAT 75 S DA PR UIE T SEAR 2% S RE
PRIk % 552 7 JEURI A 9% 52 e R SR SRR | S Ak R
MR R RIS LAAEE R2ER

(ARSI, DL A 5 Y A0 380 75 5K 1Y
R L =R e R FE LA I o A
TR, FEHUSCR IR T e i & 5 R Y (e, B
FOR M 5 FEIEAOR 3 % A7 3 Fe S AR R [R5
FrIEAL R T AR AR SRR Bl S ) i A
X,

(2) B, MRS SERIR -« =80 KR L
AR FEIEOM B 75 SN BUR R R i B Al 5 7
WTZE R BRSO RS BRI, WK 1 PR, 7
REMTERAMET R F 2 mIH T 2RI
PR PR S0 | FEIRAS0R 288 5 SRR S A B I
I T2 F BT AR DG, M SRR £5 T 38 S 45 6 7t oR ot



www.chinacaj.net

F % 2021 4E4 46 %

3150 #H %
L .
2> 33
- =
_S?'\'k s
gv’ fi
FE TR %
by Fr i =
FEIHRHR | s
FARIE . R, MR

1 =30 TR R
Fig. 1 Internal relationship of BQEB

Lo SRR A I S b Ao b B 2 S SRR AE

C R TR RN

(1) FEIACR . SEHBCR BA SR AT, 6
TN BT WK 25 T KRBl & 1 T
AELTII R SCR FIFE SRR SRR IR 43R
By, Reas XN B SR B S8 0 DU I i 52
AR R 2 1o B 55 R Y LU AL

(2) FEHACR,, 5 RIEBORF IR K 2L
FREM, TR R TR B FTEARCER, EHFIH]
BRI R TEA B ST R R R R AL, X PR AT
AT LITHBRA [F) AR TR 5 L 1 BRI RS 4L
2553t WA |, T LASE BN [l A 2 4GE B A )
— FEBUHAN [FIT2R B B SESRCR RS L

(3) FEIARL AR . FEHARK £ R ST T AR TR
[ A B S A B R S I R SR SR B A . B
AR FE B A T R A8k i e e Ak FE SR AR AT 7
A, BIEAAE IS 8] AR R ¢ 7= A Bk i, FESROR A 45
FEMRCR Z 8] (IR R AE T, FAALIN ] N FEA B SR
R R 2 TR A AR — N LU AE, RIFER B L

“ R Z B O FR AT G DA gk g D oK
it FEHHCR S T T LM RBOC R @ SR eI T
LRGN R AR @ R AL R N A
M FEERT LT i, B SRR @ 255 R ST 1L
FEHICA ML) 8 SR A SR LA
L2 “Z=FRIEHE

P T LA T AR 52 5 40 Ak B A 75 SR A A 2 2 45—
FBORS FE LRI AT L3R, T 32 ) R A B AR R K
g, JE SO R0 SRAE L S o3 A 48 B T [ A S
FEHOTTEIATIEIT

[ A S FE AR SR T 2SR < S R
SO A Y 22 AL 1) 2 A i 12 LA e R
Vg R A X, AR R A SRR 3220 S5 L
FEENTR I SO RL S5 S8 50 . R AR TR R SRR

ANEER AR X R A 0] FESR s (] — 5 9, 2SR N 5
BB R FEBURE A 22 | 0 8% S R B T4 THT ) 7S

M I TSR R S5 52 iR 1 e T 1 U A
A A, T g = A7 B R 1 T SRR R BT
& ARSI SR TR R 5 2, Al SR A FE 45
OB SR A E A A, AR5 il SE B e 5
TR I A FH SRS B X IR 45 R A TR IR, AT L
P FESEO LS SR A S SRR AR R, B
TFRBRCR RN, SR A =230 Z B R,
] DA T SRR R SR AR A A

(1) FEICR %) T 18] A SE e 7, FEHAL
HFETA) MR ARG FE B0y 2 W08 SR
SRS S5 2 AL RO D 1 5 S
Ja BRI E A A 5 @ 2 5 SR A R
PR3 S UL L 5 ) SR il 5. R 3R 5 95 S R A E G 5K
;@ WA Z N RS F LR AR KR,

FEHUARTS S5 A H A

poVs(hy,B,n) =pV =p(h = h)dk (1)

X, po FEBRBHF SERTARTE ;p N SE B 5 5
JEAE; Vo R B SRR X s S AR v
N AN ST SRS S (R Ay O FEE DI 42
Bl FUUED; B oW FEHA R A SR B A5 hy A HERL S

BE s n RFFLREL h R d RFREE; b
BERE

FIFZ5 55 AR e SR A2 B D 38 4 58
B E MR IFE5 A SE M 5018 1E 15 RSN ) 5 0
AR F, SR TR IR A E S Fe A A b
FEM KR ;Q it IR S IR AR C R,
5 FE SR AR S M I R R K R L D) Bk
A ERAXBH LR S RIHATF LR HFEN R
i,

FELREGFLIFHEEMLRAN

¢ =0¢lky(p),o,.] (2)

X, @ WIS ko KF5 S5 FRIR M S L R
85 0,0 NIRRT SRR T AZ 1 d R A BN T,
A E AT TR AN ) W R A

(2) FRIHACR oI AR 3 B B[R] P 8 A
T AR s, RS IR . O DAFFSC/E B AR
FIVE RHE SR 7 B[] 5 @) LA B YK 75 S Hsf [) T 512
KBRS 5L R] 5 B M4l 75 LA 5 55 T 20 Wr Il &R 4K
IR SHGE I R AL, SR B SR — NP Y FE 3L
[ 5 () 15 BAA SF [] P B S B0 — AN 25 PN 1) 78 3
A5 TR



www.chinacaj.net

%510 4 B A AR FEBOT R =800 KA LA Az ) 05 vk 3151
Vp 301
n_cz(T1+ClT2+T3)_ 1\25
h —h,)dk > 207
( ) dkp (3) §/15—
Vs(hd ,B,TL) %,ﬁ -
Cy A +ctyn+ T, W 10t 3=0.024 4031 1
A, n AFCIEECR T, RSB E] 5 T, - , . ‘
USSR ST 5 T, 8 S R 0 R TN
HLEIRERS ] 3 o o 22 AL E ARk ALEE I 5 Av D L7 (a) BESH LR
KJEZAURHEH AR AL SRR s ¢ 5k Ty 25

SERTIE]; ¢, MIERIAFL T2 RE e, <1;¢, A
TR S ECE W ZE AR RiAe DR SRS ) e, =
1,

(3) FEIERL 45, FoSAAK AR i 1 A7 B[R] YR HY
R RN R RAE , BARA TR . (D T35 557 s [a] A~
SR I X 3k ) R | EL AR o TR SRR RN TR ST
AR @ &5 A PR IS 1] P ) e S e i
15 FEERLES

pp. hdk
M oCh = h,)dk (4)
A, s MAEREE; n, FRBERCR; r R &
Fos p MR s p, AR,

2 FEAR=ZHEZMEER

2.1 XEZmEZRIEZE

LM =00 A PR R A b S5 % 0 | TR T A
I R T2 GRS, Hod ) TR SR
PF  TAE T A B TR A — ELA S LA YR g
T SRS R R DA R Fe 38 T 25 4 St v A A 48 4l
DI, AR SC B4 M S8 T 25 M e A R S o0t =
el AR

WFoE R SRR S 8 FE . AR % B TR
B IR R TR T 2 S8 . 75 Sk
PAYR F5 SE ] AN S ARV RIS E] e B, SR
PR AR R TR AT AL AR AR LR, 45 S BURUE
KK R 3.5 m, KRG kO 1.5 m, FRIEH MR
FELHIA T p, N 15 kN/m®, TR T F Ul A, K
100 mm, FEHAEME d M 0.5 m, SRR 32 i K38 L
N ) o, 20 MPa, S SCHRPE R TE] 7, 2 2 min,
RFFSZIE] ¢, K7 0.5 min, BAAN L TE BE XTI SR
SEHLEVERE] 7, 8 3 min, VRS 77 SEWMRI R 8 e,
0.5, FFRSECGEMW R EL ¢, 1.2, WIEFE p A 500
JC, B ZSH p, 14,8 kN/m® ¥ LB n 4 IR,
FEAERA R IR A B N 46° MR E hy N 2.4 m,

FEIEA R 25 T e M I RO R TR
AL 75 5 I R B R N 2 PR

- S
5—77(-}7—77?—

\e]
(=}
T

3=1.69x+4.95

W

W

i3 R E/(MN » m3)
=

i 6 8 10
N F3/MPa
(b)) RLA3 55 5 2 2R 8
B2 SRR SR
Fig. 2 Compression characteristic of backfilling material
BT UL EIT R A5 T =800 i B R A =
Hop FE523 SRR SE A a5 W A 203k

k
©o=1-0.1085/1 - & +
1.690,  +4.95

X

2

(=}

0.042 8ln(or, - 1.202 3)
0.351 1 (5)
ki = 0.024 407
5.314 + 2.33h, — 0. 188 + 0. 12n
p=Po (h - h.)dk
(h = h,)dkp
n= (5. 314 + 2.33h, - 0. 188 + 0. 12n )
c, +ctn
vAv
(6)
(h = h,)dkp
= X
) [5. 314 + 2.33h, - 0. 188 + 0. 121 j
(&) +ctin
vAv
pp hdk
— (7)
p(h - ht>dk

2.2 FIEIZSHTMME
2.2.1 FEWE

&L 3 AT, A5 SEUREI 4 R R R HE | 95 S B
91 B SRR FRAR T 5. 5% , 8 FE IR 55 %
IR T 34. 0% F 53. 6% ; 75 SLIR BN 7 IRt
FEIRORR & T 12. 4% , B FEIARCR M AR AL 45 43
SITRFET 16.4%F1 25.9%

Bl 7 SE R $ o SR SRR AN By, (H 4
BRI s Y T 0Bl . Rt 7E0 2 I



3152 # 2

www.chinacaj.net

F % 2021 455 46 %

HoHKE %
D
(=}

S

=

I3 SEIREL
K3 B =80 KR

Fig. 3 Relation between tamping times and BQEB
HORMUHTHE T, W R EAR A 77 S B, D4R v 4
FETILIET
2.2.2  FRRITILNE]

HIT& 4 T, LIS SE S [E] 24 0.5 min S A&
Y, BAYK S5 SEHHEL A 0.2 min B FESEHORAR | sk
fi F R HUCR I BT 27. 1% ; Bk 55 520 ] R
1.2 min I AYFEIEFANAE | FES A F 8RR K %
ik T 33.3%,

40 -

21 \
0

S

EK

>}i:[

%(( =20 + \
il

P40t

—-—3"6%1 —0—%3%&?4‘“&3{1
-60

0.2 04 06 0 8 1.0 1.2
FAL YR F5 92 8] /min

K4 By Sembia) 5 =20 K&
Fig. 4 Relation between single tamping time and BQEB
BEE FAR T5 S TR A B e, FESE A | (H TR
ROR M FEEUEE AW/, PR, P a4 5 25 Sl
R LR T 7 Dol N5 SEEAIUAAY (o 4 R R T TR
eIy S IR T S USRI

60

40t

0F
@1—20» \\\\

—'—ﬁ%i — ﬁiﬁxﬁzﬂ]xﬁlﬁﬁ

10 s 20 25 3.0
FANSCRTE RS [R)/min

IS gkl 5 =300 KR
Fig. 5 Relation between dumping time and BQEB
2.2.3  HASORTORH ]
5 AT, LA SRR ] 2 min Sy 2

S %%

A

HE, B SRV R TE] R 1 min B 7R S0 AR | I
S M FRIROCR I & T 50% 5 B SZHRVE R ]
A 3 min B FESRANAR | SRR 5 I ST SRR Y FEAIG
T 25%,

Bl LA S SR PR ] A B R, Fe S AN AR (H
FEHRCR AR G AW/ PRI, mT L i 4 s 241
PG SR 2 06 L S AN AL BV REFL A B A O R e
ALHRE | AT S B ST AR AL o 14 T
2.2.4 HeRlEE

7 P 3 Z AL ) 2 26 AL A R SR S TG S
JE MR BE B UG R 5 E h 2.0~2. 8 m,,

40~ —— PSR
30| —e— FRIHAE
S 0l eI A
e 20
=l e
of .
=
110
v =20+
=30+
740 1 1 1 1 1
2.0 2.2 2.4 2.6 2.8
R /m

Bl6 HbhmmES. = %R
Fig. 6 Relation between stack height and BQEB

HEL 6 AT, LAHERHE BE 2.4 m 3L E, MR
FER 2 m B SRS R IR S 5 R BE T 1. 5% Fil
24.9% AH SR 25 1T 33.9%; MR E R
2.8 m W Y FESE A FE AR 400 F s T 12, 5% il
14. 8% (HFEIRL 25 FFE T 20. 2%,

il 2 Ak 5 5 A3, 70 S RN SR SRR AR W 4

e AR RIS R DU T R, DRI, 0 4 B ) e

mf“ RRAEFE L A I 47
2.3 FIEMBSHTIMME
2.3.1 HRLEMXT =30 W52

xR H UL IR R E"J‘h P SRR H AR & B A
JE R R 43°~50°,

30¢ —— TS
—e—FuBR

<iﬂﬁkﬁ
or \w——;
43 44 45 46 47 48 49 50

EIAR 22 B A/(°)

K7 FEHAR A RERBMG =80 KA
Fig. 7 Relation between angle of repose and BQEB

AP 7 AL, LA SR 2 A 46° g L, F AR

BOHHH %
S

2
A

(=]
T




4510 1

www.chinacaj.net

B AE ;[ R SRR TR =200 R MR D5 75 3153

BAAR 43°0] 7SR M R EUSCR o Bl = T 16.2%
6. 7% AT 4E FRET 11.4%; AR LB M A
50° B (1% 78 5 R 78 AR 43 0 BEAR T 5. 5% A
12. 2% A FEHAL AR 25 T 20. 7%,

Bl F AR B A K, 0 SR SR AR W T
Wi AH SRR 25 AN N 302 PR FE R B —
MG OL T, B F AR 2 B MR BE T, se iAokl HE & 50m
i, P PR S5 SV AR R AR B AR RIS 25 AN W
PN 3 (R FF SR BN AR | BRI BN B[] A 75 55 1 e
SRR, B SRR R FE S R 2 A8 22 (H i T8
BRI VR R AR T AR ISR R AR e
H R PR
2.3.2 FUIEMBIFLATAE

HRAESZ B, RS R 25 52117 25 23 Bl R e 7 13 ~
17 kN/m? X F[F) —Fh e S Rk 5, 380 5 75 S50 2%
K, TR Sy

30F

—=—
20} —e— FIHRE

RS R A
s 10}
iﬁ
so0f .
M*lo

,20_

-30

1I3 1I4 1I5 ll6 1I7
I5 ST 2 FE/(KN » m)
K8 FEUM R SCRAE S =M XA
Fig. 8 Relation between initial packing density and BQEB

Hi [l 8 W], LA SR B SERT AR E 15 kN/m’
FEEME, TR R S ST R 13 kN/m’ B FE 50 R
MR BRI T 5. 6% M 13.3% ,{H Fe 3834 25
AAR  FEIM R IR N 17 kKN/m® B Y 78 92K
MR T T 13.2% 1 13. 3% , {8 78 82155
A,

B2 T R 5 SERT A P, FE SR A
ORI AR TR AR XS PR R 25 S i 2
TG, BAASE A B] N V% BRI Z5 S R BURAE (A FEA
FRAELAR B ST, B 7 ISR AR B i B
A FE IR R ANAE | B SRR AR AR

3 REFARZHMHIEHFE

3.1 “Z=RXEKMR

I IR AT, =R Z AN R TR T
G MR G, T4k 4 RS

(1) A1 0R 4  BOR -804 T R%

TR =280 RN A S B v 78 S R T HG I 75

SPGB B = KR & 9
R

RO 2 /%

By

=

80 8I4 8I8 9I2 9I6
TR/ %
BlO “=80 kR (KMW1)
Fig. 9 BQEB Relation (type A)

“ SR IR C R TR AT

KN 85% (FEKHE N 4) @2
95. 5% (35 JLURBIG NN 7) I, FELACR TN FE AL 45
O F B 16.4% F 25.9%; 24 5 52 K FE AR &=
79. 4% (75 FLURBCH 1) B, SEHUHCR AR B30 85 4350
140 34. 0% 1 53. 6% .,

(2) 2870 2 R AAR SRR HE

T =50 A0 R 7 3 2o A Ak 2 AL 3 2
PEHLIE AR BE RN FEIOR S 20 T5 e M fR , slon) sE R
IR AT H Sk B T B SCHR VA RS R s/
FIEAYR 5 ST (/NI B0 i =30 KR
£kt 10 froR .,

30 L
2 g
20 -
-
10t -
% -
= Of -
it /l/
wr-1op /_/'
20 -
./
30 &7
-30 -20 -10 0 10 20 30
FRAHRUEE /%

Bl 10 “ =80 KR (FA2)
Fig. 10 BQEB Relation (type B)

“ER RO R AT AT
B,

(3) 265 3 WOR BRI M B B,

TXRPASARY ) IR S8 0 R e BE AR B AR B
FARIE O o b 30 e Rk g B ] i s N2
LR S 2 26 B LB v R S, it/ AR 22 2 A
F B3 Ak FE O AR G IR B R S, i
“C SR SRR M 11 PR

“EAR TR R A AN T



3154

=
e

www.chinacaj.net

§
A
£y HERL S 2.4 m
X :
11 |
BOr e TR —— TR
! . . . )
-45
76 80 84 88 92
TR/ %
(a) ERIRERER I L
301
201

OB/ %
=

A

SISV LT

w—

|
-10f l
-20 : . . . ;
76 80 8 8 92 9%

B 11 “ =30 KRR (KM 3)
Fig. 11 BQEB Relation (type C)

WE 11 (a) iR, L3 H 78. 3% (MR & B
J2.4 m) HEEE 90.8% (MK E E B R
2.8 m) B, SRHUHOCRIG N T 14. 8% , 7t WK 45 [%
KT 20.2% ; 7L HRFEMLE 76. 8% (k&
FEARZE 2 m) I, SEIARCR RN T 24. 9%, LI AL
RN T 33.9%,

WE 11(b) i, % H 82. 2% ( H AR L
Al 46°) I E R 95.5% (AR L B AW /T
43°) I}, FE AL RN 6. 7% , FE WAL 35 W T
11.4% ; B RKEARE 77. 7% ( AR L B KK
F50°) 0, RIHPOCR T T 12. 2%, 7o 8K 25 18
BT 20.7%.,

(4) 287 4 WU -BOREE R A,

PP B A 3 I Ak e A R R AR 2 L R
SFTIR R F5 SCHT A I AR R A =
R FR ML E 12 R,

TSR 85% (F5 LA E N 15 kN/m’ ) #2152
96. 2% (F AT EIEANZE 17 kN/m®) I, FEHRCR
BT 13.3%, IR 6 A A YR L RKEMRE
80.2% (F LI AEW/INE 13 kN/m*) i, FEIEA %
FEAR T 13.3% , FEHEEAEE
3.2 “ERCMAESIFGE

HRI T 24T AT, FEHE T 2 SRR TR A R B 8
BIosxde =20 pe AR OR [R RY S ), A e o B b i R
BREA T T ESHORPRIE =80 X R i
Moo A 52 7RI =207 A A i 04 P9 e Dy <

% #® 2021 4E55 46 %
15+
10}
e\\°
Al
g 0r——
& Sl | FF A LS KN/m?
| |
Y10t | —— IR
\ —o— RIS
-15F |
L - 1 1 J
80 84 88 92 96
FESEH /Y%

Bl 12 “Z80 KRR (A 4)
Fig. 12 BQEB Relation ( type D)

BT A I T 2280k 20 X 80 R sl
BRI ST a5 R, FERRAS [ D)2 A 0t J2 5 5 3
BRI T, SE B IS A 1Y e

S0 s o VT IS IR S S T M7 N 3 (1 ]
HrEE T, $& & e U as 09 7 A A . Bt = M R
SEHTAS (AR AR GRC ) |, /)N 35 SIS I [E] i R
B TA]

@R AKIEF.
PR AR

|

W= R TR
SRR A A S

e FEIH

i e T S

4e - et N 45, ik
SR AR AT /N
PRI 2 HUBPEL B LR

I T FEIA R R
SRAFNG T FE L HRRS
NI T ESH

.
WIFERBE. T0
R UTEE SR S A
R LZSH

M FE SRR A X
HEFRETZ

I FE SRR

N ST E  Lik
e P s bl e

BT AR RIS

F13 =30 Al ik
Fig. 13 BQEB optimal control method
WK 13 PR, AR % S se 3 T AR =20 I8
e B - O AR FF SR DX Il 5T 25 17 R
FAFO, /AT IR TF R B 1 @ AR 6 5 2 45 1 48 b
SR A R IR SR Y I B e 90 B R I K 1

>
>
RERSHH ]S R4 S0 AR
>
>
D




4510 1

www.chinacaj.net

B AE ;[ R SRR TR =200 R MR D5 75 3155

FESEOPPRE S FLGRIE , 75 1 SR B A T 0 A R i
WIHERBW R WEEATLRERHT LS
By KA @ BTl 578 S8 AR i 8 AL 45 R
DEARAE T B0 95 S UK XoF o7 f) L w8y 2 2 FE LT
ESHGE TR IR FE BT L TR T U2
BOR BB T FEI T2 © X 78 BOR MR & AT
H Sk FEs M AL , LA/ 75 92 ) 7 R I
[h] e FEIEAN R AME T2 YUt 8], 382 = 58 BRI

Mt

4 BT REFRZR S

4.1 FEI/EEHR

T,292 TAEEAFRE I8k = X, R 9 542,
SR F 34 120, TAEREAR T b5 B 5 ~
15.5 m; AR, SR RE 0~ 1.5 m; ELFENR NPT
Tl JBHE 1 m; AR IRA  JERE 4.6 m, T,292 T
VETH M RAFAE R AR AR, T B b R E S AE T
AR AN, TAERBEARSHOILE 1,

F1 T,292 TEITIEEER
Table 1 General situation of T, 292 backfilling face
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MRS SR p, M 15 kN/m” | TRAEL AT T U0 A,
4100 mm , FEHRPHE d 24 0.5 m, FEHUA I 52 e K 3
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Fig. 14 Tamping times and BQEB in T, 292 working face
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