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Stress Analysis and Strength Design Model of Backfill in High-Level Stopes
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North China University of Science and Technology, Tangshan 063210, Hebei, China)

Abstract: Aiming at the mechanical characteristics of backfill in high-level stopes of Zhongguan Iron Mine in Hebei
Province, analytical models for lateral pressure, shear stress and vertical stress of high-level stopes were established ,
and the influence laws of stope width, height and length on the stress distribution of backfill were clarified. A strength
design model for backfill in high-level stopes with stress distribution taken into consideration was proposed, and the
reliability of the model was verified through engineering application. The results show that the lateral pressure reaches the
maximum at the bottom of the backfill on the side contacting uncemented or low-ratio cemented backfill ; the shear stress
increases first and then decreases, peaking at the middle of the backfill, and is significantly affected by stope width and
height; the vertical stress of backfill increases linearly with stope length; when the stope length exceeds 45 m, the
influence of exposed height on vertical stress becomes gradually prominent. Based on the comprehensive consideration of
the stress distribution characteristics of backfill, the shear force at the contact surface of the surrounding rock and the
included angle of the horizontal plane, three types of backfill strength design models were constructed. In combination
with the working conditions of Zhongguan Iron Mine, a differentiated strength design scheme was selected. Industrial
tests on site have verified the accuracy and reliability of the proposed backfill strength design model.
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Fig.3 Schematic diagram of high-level stope division
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Fig.4 Stress characteristics of ore room backfill
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Fig.5 Mechanical model of cemented backfill under lateral pressure

ZTALT RS FEBUATE R B 7 1) ETRRR K 110
RO A DAy SF- T 7 A (], e A 5 SR IO g e
PR

2

Uy.=27f=xf(y) (1)

X @ SN TT R



76 owm LB o546 %
(1) o« TR 15 T FE AR A s g 23 A R [ 9 S AR 5 B 7 1]
o _ iﬂy) cF () 2 D IEAR (220 ) B A e 25 g SEAA 5 A i 2 R A 4 ik
ox 2 ' M,y SRy SR A B iim s E T ] o AN [ 9 B S 4

PR (2) o AT A PR ER M T an &l 6 Fis
o= ﬁf(y) S 3£ () +Fily) (3) FH Il 6 AT, TR AT 20 2B Al B, e
6 (R g S S DR T 5 T 22 (AR b 3 AR

2 SO BT BRI, FR D et 7 B
WFE ST o, MPYIRIA 7,

BNCRE
g, =AYygx Bgy 2By B

3, 3
Txyz_)ngz[l#y ‘43]—

Avg(—ly“ e 2y —Bj +pg(3y2 ty —B] (5)
B T8 B 4
AP A AR S FERD SR R4l se B T 2R 48
y NIRRT ETE ;g I NGB s B O FEsR L

AR FESECA T 3 A AR, 455 v SCBRAT 1g 1X
RGEESHL, 3 Bt A ) FE SR 5 v 2 A0 53 4 1

(4)

W 125 A2 T 25% ~ 40% , I H AE A ) 7o A T8
JESRMT AR R B RLARTR], RIS B X e g i AR 1k
BURME AR, FER — T8 BT, Y s U 5 8 5 ¥ R
50 m B KA 80 m B, IR B 45 s G e e R e 45
FRIUAM AR,

L5 L TIR M IR Hh 58 4 5 B8 ) 1] i 45 AR
Bl L A I &5 Fe IR 12 il 0 B 20y B, e SELAA B 0 e
BTG R B 37 2 R v B R ) 3 RV R R R
PN VESWAT N S R B 3 E iy

R (5) TR FRIEAR IR ER BT DI g . FE A B
JEM 10 m B K% 18 m ZEEE S EH 50 m Y K% 80 m
BF, AN [R] 5 B SR IR RS 55 YD 1 3 el 7 Fos

b
0 _(a) 0 _( ) 0 _(C) —s— H=80 m
L 01 01 L 01
~ =] [
2 £ &
Q-0.2 F = 0.2+ = -0.2F
=03l =03 = sl
0.4 L -0.4 0.4
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5-4-3-2-101234°75 -75 50 -25 0 25 50 75 9 -6 -3 0 3 6 9
W FHUATEETT 1]/ m W FEHUA TEBETT 1]/ m WS FEHEAR S5 8 J5 1] /m
(a) 10 m; (b) 15 m; (¢) 18 m
6 REIEEFEIREREAMES
Fig.6 Lateral pressure at bottom of backfill with different widths
25 1.4
(a) 1.5LM) ()
1.2
2.0
L2 1.0F
I < I
&5l & &
= = 0.9 =08}
~ ~ ~
R R R
21.0 26l 206
R I R
e 05 —s— H=80 m = —s— H=80 m RO4r —s— H=80 m
) —— H=70m 03 —— H=T0m 02 —— H=T0m
—— H=60 m —— H=60 m ’ —— H=60 m
0r —— H=50m ok —— H=50m 0 —— H=50m
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5-4-3-2-101 23 45 7.5 -5.0 -25 0 25 50 75 -9 -6 -3 0 3 6 9
W FEHUA TE T 1]/ m WAL ETT 1 /m W FEBUATEREJ7 17 /m

(a) 10 m; (b) 15m; (c¢) 18 m
B 7 REZEEFREEREBETI S

Fig.7

Shear stress at bottom of backfill with different widths



55 2 3 it

W B R 3 FE BUAR Lz 1 A A7 -5 5 BE LAY 77

1P 7 Al A, SRS A A A SE AR IS JER 0 B9 1) )
Ty B IIG W IN AEAE H 1% A L R S L
591 T Al T ) BE 4 Y ROV AR O . FEAE A Ay T —
fml  FESELARAL T IEMBRAR S, S5 VIR Jy i T 0 1) 3k

45 AR o R R R 25 ST AR (2 A iz ) — 000 2 i
EIT FEfi A OGS FEIEUAR (14900 1) 2 SRCZ T i, BTD10
BEZ 3K s AH ST e A BT S T e A S 4
fih g 52 TRl AR S T — 2, ﬁ@]fﬁfiﬁ‘ﬁ?[‘“ﬁ
BTRREM, SRS — T, R TR 2
e BERE R S UI N ) AR R B BeR g s A
STUIHE A R = BEHE R A R R W T i, L, 5
W BCR Y FE SR A BE 3 5 B2 X0 R HLAS E AT 2

(a)

—a— B=10 m
—— B=15m
—A— B=18m

0F

-0.1

«
a
z
S -02r
g
= 03t
04}
1 1 1 1 1 1
9 6 3 0 3 6 9
W FC B GE 7 1] /m

R

D) SRR B 6 i BE 60 m K 0], wE BE A IR 10,
1518 m I, FE AR 00 7 A0 8 1) 107 3 43 A 15 15
mE 8 Fiw,

m & 8 TN, FRAELR S B N M S RBY BN
2t pE , AR fb e gk, RIS SR AR SE R i 10 m 2
WK 2 18 m B, SRR BN R 1 185 U1 7 A7 20k
N XU BH TR LA G I 0N | HG P R N ) A R
BRI 2 FRSEAAR I B B R S S S R XU
MR, P FE TP R B T B v 38 2 4 R T SR A B
JE AR T B AR RT3 v 07 0 R i AT 4
T HARE M

2.5

(b) —s— B=10m
—— B=15m
—A— B=18m

~
<
T

VIR J) /MPa
S i

S
n

5 FEHUA SEBE T 1 /m

(a) MIHEST; (b) BIEIRLH
E8 AREEFBEGERIBMEAMEYIN A5 (H=60 m)

Fig.8 Lateral pressure and shear stress distribution at bottom of backfill with different widths (H=60 m)

23 EENOBWRERERSH
5 B R FEBUA R BN ) Rk [ H E
TS5 T A 2 AL 0 R I, W 3 B g ok
AR FEIUA . AR SR F 2 BV T BT A A
FE TR S K A R BRI T 458, B 78 3 AR — 0] 2%
g A i 48 AR H M % e R (R 22 7
A SR RS FE A 2 ] (4 3 ELEEE 7, 1024 FEHEAA
T3 — MR FRERAT FE BT, % B Z MR 4515
BERETT
BT R SRR, m BRI e A
FENAL SR (I
_ vl - 20 [ygL/z + ygHeoto _ v,8L - 2Cj y
2Ktang f 2Ktang

2Ktan
) (6)

APy, MRS SEHARE L, keg/m’ sy WO 11 % JE,
kg/m’ ;g AWHE IR LL ; L 9 FEBURKE ; € WSS

HUABER J1 50 AP LA M ,0=45+0/2,0 N
SRR BT 16 WM 6L N B A 5 f R TR A )

exp( -

r“ FH F e B BOR ) SE AT BV 1 R BT
L55 TR XTSRS A T R B B
PRIE B 1 SRR R Z B SE AR, AnlET 9 B,

1.0

—=a— H=30m
—eo— H=45m
[ |—— H=60 m

e
%

TS/ MPa
s 2
- (=)

e
N
T

(s 1 1 1 1 1
30 40 50 60 70 80
KK JE /m

9 FREEREFREENNSREKE . SENXER

Fig.9 Relationship between vertical stress of backfill with

different heights and stope length and height

9 KB, Ry i BE— 2 I, ST BV 5 2R
G BERUE EHRR R o SR KIE/NT 45 m I,



78 7R

T

o 46 %

JER FEBARTE B AR R G KIER T 45 m
I, FESFCAR T L 7 Bl o B3 OB i R, SRR ik
FE L 45 m ZJ5 SR BE X SRR TR EN ST
Wi . R RERUN, FEEUR B 7 Tk A 2= BB S
AR Y T S b S5 4, BEI SR T I LS,
AR BIRo F Ed  BEAS H ik = [l SR
DURSZHE P A E g DR T 0 ) 3% R 3 e B AR
RN, B R BERE N, I 743 1) 5 A Wy
HOR, R G KRB R — Ik FHE S BEES 8 T e P
A, RN 2 B L A, BB E R F TR B
P T FCIRUA It 2R 37 85 JEE 1A 42 il 78 AR 2 1
Jo7 30 T PR B ST AR I TR ) R ) e
PN 3w Dt ot

3 A T AL 0N 5 5 9
BB
3.1 REFREEMNBEEERMBRZESHN
S 3 T A 4 i D0 R RS FE AR R R R
THBEAL A DLT AR (. (D e A 3 5 4% 1] ]
PERRE; @ BT N ST UT RS 5 O STIUAS [l 4
i T = 9 B0 B 5 R b 5 5 R 3 [ R A
@ Rz RN ), A e RS E
MR T1 2250 B 1, — AP I FE AR — D R =5
DX 5 — M D AR IR 2 sl e FE e 4 sE R i, Fodme 5 5
RAEREIRT B AS SR b R TR 21 1 16 T g
H P, KA E SN W, — L RRG L TR S
SR 17 P DN R [ 22 i v 1 9 BT 90 4108 S, S AR 107
] 5 KT e 1 R B, — 20 R 9 Jie 4% FE UM IR TR0 )
TR S-S5 /KF WA o, AR HEES R AP — AR
e — LR R A e ik L P, BT
1L, ST A SE SR B 45 2 52 T3 AR ] 10 B

~

=

,,
L
e

.
B
.
B
.
B
N
‘é\\/“‘
O

™% X2 %

10 EREFIEEBNIBEZ N

Stress analysis of single-sided exposed cemented backfill

Fig. 10

3.2 REFTEFBEMIBEZEITEER

— BRI I 45 e IR A 55 SR 7 T A0 B L 42 o
LAETESTY 7, Hl T sk sz & 77 P, i 52 BR.
485 55 5 1 46 7 AR 5 1T £ L 2 fih 1 1) 55 1) 0
S 5/KF-HiF M g vl Re kA FRREMAS L, Fit,
HRAE B IIUELE O , 45 & A Rl K- 1 2 £ 22 1 1% T
i 45 FE SELAR AL 5 B 68 B R T ke A 3 A
ARV AT A5 B T HR AR A

1) BRI 1, 24 a=45°+¢/2 B=90°1}, BITA N HE
2 R ) P B ASFEAZRE R, GRS, W RS T
TN F R,

F = (W - 28,) sina + P, cosa (7)
m%m Lt TR,
T = Ble + [(W = 2S,) cosa — P,sina] tang (8)
cosa

IR 10 RS TR LA B SR 125 -
WEIRAS T F<T, MBI S 2 AL PN

BL
4 [(W = 2S,) cosa — P,sina] tang
_ cosa

F = 9
: (W - 28,) sina + P, cosa (9)

S, FESRACH IR T B FE A A S TR 73k
RIS R, il s 1) ) - 7 e S SRR A i
HEPETRE , AT T e SE AR L ¢

c= [F,(Wsina + P cosa) — (Wcosae = P, sina) X

tang — 2X(F sina — cosatang) ] /

BL . :
[ + 2BH" r_(F sina — cosatang) J (10)

cosa
h H R aS FERURBIE i s PR iS58

2) B2, M B=a=45°+¢/2 B, AR E R
BB 7 P, fo I 45 70 B A T TR 3 T sl v 7 A T R
PRI FERIIR | SO JBE 25 FESFL R 5 79 00 B ] o B 4%
FRMEIAR BT L) Sy S, SRR Sh 5 A, TR AR
R F Bil 5 T, 01 % B sh ik 2 4 &
BoF, M AR 2 A TSR T SRR L
A1)

F (Wsina + P cosa) — (Weosa — P, sina) tang — 2X
‘7 BL

cosx

+2BH'r,

(11)

3) B3, 2 0°<p=<90°, U A TEIE A Al

F 3 PARITR , JB 4 e sEC A v 0 B ] ™ A 422 fh
R BIYI T S 5K e f oM AL R, iR R
W F PR T AR AN 2 R F, S
% 5L/R A ' Rankine 94 3l 4 J& g iF 64977 1] £ 1 55 v



552

P 45 < Y BOR S SE LA I AT 5 i B B AR 79

D, e AR 3 SR AR BT L (12) .
¢ = [ (Waina + P,cosr) cosp — (Weosa — Pysine) sing —2X] /
[BLcosgD

+ ZBH*rS} (12)

COs&X
Kr =C/C N F[0,1],CH—FBERL T
Bk Y BT RS A 1R T, €N g Fe Bk
BRI X ArplaAs s
3.3 RERERSTRESRESHNER

N FASERL 1,2 F1 3, 254 T Sk H AR S5 45 1
SR N FEBUARSR B IEAT BET, AR 1 R TR SR 7 45 4
SHCT FRIAAR BT & 11 fras, R L A,

4.0
@ —a— B=9m
351 —— B=12m
£ —+— B=15m
2 30l —+— B-18m
~
Ag —— B=21m
2.5
=
=
2.0
=
e 1sh
1.0
1 1 1 1 1 1 1
20 30 40 50 60 70 80
FOHEAARE R/ m
4.0
(©) —=— B=9m
35F —e— B=12m
I
=
Z 30t
f:d
B a5t
=
=
2.0
ﬁ’ 0
% L5t
1.0 |

20 30 40 50 60 70 80
TR T L/ m

B 1 SRR B [ B, SRR T8 B B A e
RFEEE /N R M Ko 3 R AR R R SRR
B, B 1 5 0 B A 28 4 B B B A /N SR LA TE )
B Bt R 3 B g D A A o) 28 A IS, 33X 5 22 T A4 A3 BT
2R3 LRI 50 m M, SR EHEH30 m
BAZE 60 m B, G5 N 9 m 0 78 SR B 5R
1.51 MPaTt % 2.59 MPa, 254k R Ky 72.0% , 1fij 56 & Hy
15 m MY FEIIARBE T AR LR A 2 56% , 3 146 B
JEE A/ IN Y FE LA T 2 R e 1R A b B AURR PR, A
U1 RIS A T A T M R AR R
JE 5 v o 5 e R AR A A IR

4.0
(b) —s— B=9m

35 —— B=12m
g —— B=15m
E 3.0 b —— B=18m
P —— B=21m
B 2S5t
e
=
2.0 F
=
B1stE

1.0

1 1 1 1

1 1 1
20 30 40 50 60 70 80
FERUR R T/ m

FEBUR B3 / MPa

20 30 40 50 60 70 80
FHUR BT/ m

(a) RIBEIE 30 m; (b) RIGKE 40 m; (¢) RFHKE 50 m; (d) RIFGKE 60 m

B 11
Fig. 11

B 2 ORGSR G 25 S 80T e iR v 0
B 120, S8 A E AR 2 iR e LA VR IS &6
T S RS R A% | L0 B T SR A A 5y | e 2 58 v
BN EUR, MR TERE N 9 m K 50 m B, 5T
BUARFEEEH 30 m 38 F 60 m, 7oA T 158 B
1.45 MPa 27} % 2.93 MPa, 145 i %, {H 55 B i 2 7
L FE RS /NI B T A AR LR PR RRAE . D340, 2R
Yk FE I 40 m J& , FRIUABE T8 B i 2 b 2 % v
HINE W AR BE X VLR IR G R |, Fe R ) 2
78 1o P R 3 R SR LA B ) G RE R R

B 3 AR R 3 25 00 S 80T 7 O 5 15 B

B | AERBENSH T RIEFEITEE

Design strength of backfill in model 1 with different stope structural parameters

K13 fro, FHIE 13 T R0 3 2 p i 4 1 i A R
B, 258 W SRR TE &2 452 TR T 1
R, SRR 1R 2 A B BERY 3 FE BT E
BRI T (ARG G00 B 2 R R R
BF(H=30 m) , Wi BE Pl R 37 5 B AR Ak P22, 25 K
FUF NI MEZF AR Y REEEIEKE 60 m
B, B X I T B 1 5 T 2R i M 5, FE R 15 m ik
/NEEO m, BT B SN AR AT 30%, X Ul TE
B BCR S Bl g R e B K, R ) 1) 2 TR
BRSO DS , Vi L TR X SR BT T s i R R S T
455 BRI 4540 A BEE AR



(a) RFHKE 30 m; (b) RIFKIF 40 m; (¢) RFHKIE 50 m; (d) RFHEKE 60 m
B 13 #HE 3 AERFZEHMSH T RIEEIEITEE

Fig. 13 Design strength of backfill in model 3 with different stope structural parameters
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P 45 < Y BOR S SE LA I AT 5 i B B AR 81

25 LTI 3l H AT e AR B0 B AR A 1
BA 2 MR 3 (TR IR MRS SR A BN 9,12,
15 m i, FEIER R S E SR H < 30 m [, 3
FARERY 1 04T FE AR R B BE I B O 2 A L eI
ARG SR T H > 30 m I e R 2 HEfT
FEIARR T o G, AT X
H AT A F=SEPRIG o0, dES FE AR B ST WLk 1,

R HXKT BRFEIREERITRE
Table 1  Design strength of backfill in south area of

Zhongguan Iron Mine

SRR, U IR Rk K /m FEIABET
m Y /m A B3/ MPa
L <30 1.26
30 < L <40 1.43
=30 40 < L <50 1.51
0 50 < L <60 1.60
L <30 232
30 < L <40 2.67
H = 60
40 < L <50 2.93
50 < L < 60 3.13
L <30 1.17
30 < L <40 1.32
=30 40 < L <50 1.37
. 50 < L <60 1.44
L <30 1.95
30 < L <40 2.25
=60 40 < L <50 2.46
50 < L <60 2.62
L <30 1.12
= .
"= 30 30 < L <40 1.24
40 < L <50 1.28
s 50 < L <60 1.34
L<30 1.74
30 < L <40 1.99
f =60 40 < L <50 2.18
50 < L < 60 232

4  TAENH

HR A H AR B R XA P2 S BR, 75230~ - 170 m
IV BB IS e 5 137 S4 RIGVE IR, 40 5
KK BEARRSLET B B2 i 5 e 8RBT
W 15 m @ 60 m K50 m, i ey &
13.4 J7 ¢, 23w 12.3 5 t, MR IKE] 93% L) I,
iR 1 FoRFGTEE 15 m R 60 m K JE 40~50 m
B T, PEBUE I 2( H = 60 m ) 145 3 v /5 s 1A
PR EEAMET 2.18 MPa, #iEit, U3 R HIKEVEL 1:6 B
WHRTE 729% W FRAPIC S R E R EAT 7038, 28 d SR )5
HURE S0 BRSBTS Bl 2.35 MPa, it /2 S 2K

R0 7 MRS R R H e AR SR 2R e
FFRAHSBH L, FF R &5 o 5 WA B i 78 B 2 7% 1
KB, FEHUR ST PR N oE sk g R A AR, HL

TAEREAVET R, FEIACR R AR PSR R IRRR
SEMERCAS . UF SR 1) FESELAA R 5 T SRR A ] K
VA FEEL ARG B A B BEBE AR IR e e e 4, Rk
PR SR B = R 2K

5 #E5iB

1) (= BBk 3 g 7 7 AR 5 61 2 4 S
TR BN, H R 2 o 5 0 1) 1 ) 3 55 B D)7
FIAE FEAEAAR R L 00 L 2 1 K /N Y o A
iF, FCOAE (B v 5 5 1 {1 32 2 50 v B S 5 e 107 ) 50k
Yk B BRI G R YR K T 45 m B,
7 120 BE 1 S0 p ST 8 I AR 0 R ST R AR
FESELAR e B /N L 8 e B ORI, T LA Y ) £
38 IR IR T 8 R o Az TR A L
i

2) L& B Bk  FE AR I 7 4 A L S v
T A B AN [) BRU{RL, 43 331 A 57 1 X6 vy % 1 94 284 1
(REEARY 1) VA JEG 0 0 T AR T S (BN 2) M AT R A
VBT (AR 3) SR, B T 3 AT AL Y IE
A, XF ok & B BOR Y, Y Fn R 2 R =
BEH < 30 m B, ECFHASERD | kA7 Fe ek B kit 24
H > 30 m I B AR 2 kAT 7o SEUAR E %3,

3) DL BEIX 58 15 m .5 60 m K 50 m
13784 SRyl vt 4, 56 F AL 2 5545 B FE AR T
SRIEDN 2.18 MPa, HL R KWP L 126 B E
72% M FeIERE, 28 d SN B B R SR, AR A ]
SR B rp, FOAER AR BRI 52 4 | TR 2 , S0 E T I
iR AT ASE IR ) T P 58 R R T T ik A T R
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