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Fig. 3 Curing stress application for CPB materials during

curing process

Table 1 Schemes and results of curing stress on the influence of strength for CPB materials

Uniaxial compressive strength (UCS)/MPa

No. Mass. Tailing tq Curing stress/

concentration/%  cement ratio kPa 3d 7d 14d 28 d
1 0 0.76 1.07 1.48 1.97
2 90 1.27 1.60 2.15 2.73
3 180 1.66 2.01 2.63 3.18
4 76 6 270 1.96 2.39 2.93 3.42
5 360 2.25 2.65 3.22 3.68
6 450 2.47 2.80 3.40 3.84
7 540 2.65 2.99 3.55 4.00
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Fig. 8 Binary SEM images of CPB materials: (a) 0 kPa; (b) 180 kPa; (c) 360 kPa; (d) 540 kPa

HRZ M, TEOFE I G4EE. Lyapunov Z4EEUFIAH
AR SERT, R RO - oAz Y,
AT TR v S 4E RO AT U . RO R D =
AR EMGOEEA, KE T IR Z DRI,
it o3 A A5 B [F) KN S X AR 3R K BB 1Y
AR, ARG AEXCH B A 2 AR 74 B A
T RANATEAEEA, B[RRI R
&= T

IgN =Dy -(—1gS)+b

L IgN AETHEITE; 1gS NETRKDAT
XHEL D AL ENA IR, B EUR T
BYHEEG b ONEHL

EHCRY R ERN, AR R E RN T
N, BRFRSE )N, EAR R IRAR R FLBREROR, 45
PR S, TR0 N oz, T dEEooR.
PAFRY R J18 0 kPa FE A 78 A R B HEAT 20 b7
MRPE I 8 HrAbEE f5 1) (A EIE, 8 o TR
THFE, FRPE S8 0 kPa B AR TR 3B T S i 4k
W 9 frox, Hat&4EE0N 0.97. RSB T7 %
THEASRFEYE /1N 180 kPa. 360 kPa Al 540 kPa
YER N BTSRRI S 48500 08 1.06. 1.16 Al
131,

lgN=-0.971g5+9.80
R2=0.982

20
W

o
(=)
T

o
W
T

Ig N (Number of box)

B
S
T

65 L 1 1 1 1
0.5 1.0 1.5 2.0 2.5 3.0

g S (Size of box)
9 FEYESIH 0 kPa B A SR AR 43 TR 4E 3L

Fig. 9 Fractal dimension of CPB materials under curing

stress of 0 kPa

N T VB R FEIEAR T G 4E R 5 IR 9 I 0 (55
ROCRS ve E) Z RV AL B R, AR T 8 5 579
JE 1 Z RIS Bl (] 10 FroR), RGN
THEXLHTG, [EFARREAR a4
TP TR R AN

Dy =0.957+6.222x10™p, R’=0.977
Kb p AFRPETT, kPa.

ZERRW], HEAFFEEMT, LEAR
Fe J3ANTE, A R TR SRR (O OW 45 4 e AR TR 1R A2



31 B x W

RIS, S5 TR0 B AR 78 AR B R AR L) 7

13+ Dp=0.957+6.222X 107 p, R?=0.977
12}

1.1k

Box-couting demension

1.0}

1 1

0 90

180 270 360 450 540
Curing stress/kPa

B 10 @S IR R R

Fig. 10 Evolution law between box-counting dimension

and curing stress

e, BEE RS AIRIHEm, T e B AT,
R EEA R E B AR TR AT I sg, K
Ry NBRLS K8 KA R AR A FLIRKHE
PR R TR IR (s SERERE N, B ALBRRR

33 FIREANEERFTIEREEZIATIES

BT IEAE H/KYE. RBRPRUKIB SR, 18
IKIERTR, KV R A KA R AR kA =4, A2
BB AR TR FLBR S M R A, A AN FFR
JE 5P AR N BARRIEAR R RO S, A]
13 B FE3 R I 00 B A 78 SE A 5 BE (1) 5 i AT 3 4
11 firos, BARRI W~ LA

1) $FEHEKIER . B g REH, NEFEYE
JIE X B AR T AR P FLBR G5 M s2 R, X AT A
GHIRIAN [\ 743 ERIE AP, Ik KA e B4

Gravity stress Gravity stress

B T EE SRR RRRATRAT
SNy ’ —
yg;gi v o\
l ® ' o, =
\. O ( L@

(a) (b) (c)
[ Tailings 0 Voids I Cement

M Hydration product —ww- Bonding force
B 1 FR4 S I IR AR T AR 5 S M LR 73 A &
Fig. 11 Mechanism analysis of curing stress on influence
of strength for CPB materials: (a) 0 kPa; (b) 270 kPa; (c)
540 kPa

160
140 |
< 120 F
v
=100
=
s 80r 252 — 0kPa
2 60} —— 90 kPa
= . —— 180kPa
= 40 —— 270kPa
—— 360 kPa
20 —— 450kPa

. . ‘ . L 540|kPa
0 2 4 6 8 10 12 14 16
Curing time/d
12 BTSRRI 7 5 7R i e OC &R it 48

Fig. 12 Relation curves between matric suction and curing

time for CPB materials

THFET TR AR IO 0K, B AR TE A P Al 3k
JRWBFI (G ALRERK I A7) & IRt RV 50 2R an B 12 e
s BEFRYI RSN, B PR TR SR A A B LK
POZETHEL, H AR TE A N A LIS K I 7T B R
P B (RIS TN, A TSR N AR T 2
(RIKALT= 4, ANTHASE 5 A% T8 SELAACFR) 558 B HE A

2) FRYE SRR AR TS AR KA S N IE T o
W], LS 32 WK E KA B N ) B 4R A
=B 13 s R AR A S R
FAPUETTL SR RISC R ML, BEE IR ST
N, EARTE I PN 8 R 5 AR A R A BRI BB e
BV A A KA S S PR A B, L A 7 T P S
HL R R 7 I ) S DL S 0 e e i s, B

——0kPa

——90kPa
—— 180 kPa
—~—270kPa
——360kPa
——450kPa

>
.
e
>

-
R

.
.o

Electric conductivity/(mS+cm™)
[\

0 2‘ 411 é é lb 1I2 1;1 16
Curing time/d
B 13 FARFEHA R SRS TR 2
Fig. 13 Relation curve between electrical conductivity and

curing stress for CPB materials



8 hEA O RYR

2021 E x A

b, IR T BN AT nsE K Y KA S N IE
NS A SRR A 0 7 26 5 2 R KA 4, 3t T
X AR TSI R B A A

3) FRIH TR R T8 AR 1K) FL R 45 44 A ARk
WS . BFeal RFIN, B IR s rsen,
e FLR K BOHES Dbk Y8 KA S N, 7
A KR, RIETFHREIER, Bk
SEARTEAS [ IR 97 I S04 T O 45 RAFAE UK
Z5, BEEFR RN, BRSO
FUZET BRSO E SR, FLRIZ# B L
PEYIPITIETE , PN DR 8] R AL BTN AR A
FEIRAR R S RERE N, B R SRS SRR A )N
T JSH R B AR TE SR B 2, AT (88 R T8 SRUAA
(7568 EZ 38 T o

4 ZEig

1) HER T H B R 7o AR R 4 iR 50 2
B, OURAh T s N RS IS TCES R IRY R JA
HKEE XA, TS A B R (1) E 1R
IR TR, A/ E RS IR =
PR, WO AT B R TR AR B BT B e R A
fi o

2) YR SN 0~540 kPa I, AR TSR
BRI o P T TR R T (B N TR T i, H 3
I R IR S, BB R IR
FES YRS M 2B — 0 KRR R R 7790
1 NI NP = R RN Y NP (BB B N B
BN, HE AR SRR I R S IR i A 2 A 2
IR R R

3) FRAPE IR, R T ALBRK R, E
B AR F IR KA S BT BE TR, 72 A2 BE 2 KAk
FER, TS R SRR O S5 R, (B AR T
TEAR PR 0 25 W) ER AR B AR S 2 5. FR9P R DK,
THFEAEEG; KPR 6. TREIRE N 76%, 7
15718 0~540 kPa fEFH 747 7 d B ARk
THE4EHCN 0.97~1.31,

4) FEI R S0 B AR TR I AR B A LR AE
T HTFHRYPEIIMER, FLBUKEJH L
WKL AHAURL AN KA P2 78 3 VR s FLBRIZB B,
BSLEREIN, KR BIEINGEA:, TERHNE AR
HAE S, BRSO S N s, i

7 o6 A e SR P i FEE 384

REFERENCES

[1T QI C C, FOURIE A. Cemented paste backfill for mineral
tailings management: review and future perspectives[J].
Minerals Engineering, 2019, 144(12): 1-21.

2] EBT, & E, RER, S ET2RORRHNEEN

SE L[] R OR S AR (A R BB, 2014, 45(2):
557-562.
WANG Hong-jiang, LI Hui, WU Ai-xiang, et al. New paste
definition based on grading of full tailings[J]. Journal of
Central South University(Science and Technology), 2014,
45(2): 557-562.

3] EAMK, BT, RER, £ SR E GRS BRI

WA, b EE LR ¥R, 2020, 3009):
2201-2205.
WANG Xiao-lin, WANG Hong-jiang, WU Ai-xiang, et al.
Wall slip drag reduction model of full tailings paste in
pipeline transportation[J]. The Chinese Journal of
Nonferrous Metals, 2020, 30(9): 2201-2205.

[4] LIANG C, FALL M. Mechanical and thermal properties of
cemented tailings materials at early ages: Influence of initial
temperature, curing stress and drainage conditions[J].
Construction and Building Materials, 2016, 125(10):
553-563.

[5] LU G D, FALL M, YANG Z H. An evolutive bounding
surface plasticity model for early-age cemented tailings
backfill under cyclic loading[J]. Soil Dynamics and
Earthquake Engineering, 2019, 117(2): 339-356.

[6] WANG Y, FALL M, WU A. Initial temperature-dependence
of strength development and self-desiccation in cemented
paste backfill that contains sodium silicate[J]. Cement &
Concrete Composites, 2016, 67(3): 101-110.

[77T WANG H, QIAO L. Coupled effect of cement-to-tailings
ratio and solid content on the early age strength of cemented
coarse tailings backfill[J]. Geotechnical and Geological
Engineering, 2018, 37(4): 2425-2435.

[8] CHENSM, WU A X, WANG Y M, et al. Coupled effects of
curing stress and curing temperature on mechanical and
physical properties of cemented paste backfill, Construction
and Building Materials, 2021, 273(9): 1-10.

[9] WANG J, FU J X, SONG W D, et al. Mechanical behavior,
acoustic emission properties and damage evolution of

cemented paste backfill considering structural feature[J].



315 x M

RIS, S5 TR0 B AR 78 AR B R AR L) 9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Construction and Building Materials, 2020, 261(6): 1-16.
AR, Whrbos, JHANE, & RAEAEE T R EUASR
AR FE[T). - T35, 2006, 20(3): 53-55.

DENG Dai-qiang, YAO Zhon-gliang, TANG Shao-hui, et al.
Study on constitutive model of damage of backfill under
uniaxial compressive loading[J]. Soil

Foundation, 2006, 20(3): 53—55.
JIANG H Q, FALL M, YILMAZ E, et al. Yang, Effect of

Engineering and

mineral admixtures on flow properties of fresh cemented
paste backfill: Assessment
thixotropy[J]. Powder Technology, 2020, 372(7): 258—266.

GHIRIAN A, FALL M. Strength evolution and deformation

of time dependency and

behaviour of cemented paste backfill at early ages: Effect of
curing stress, filling strategy and drainage[J]. International
Journal of Mining Science and Technology, 2016, 26(5):
809-817.

T B, YHERL T E AR L 35 P R I K 7 S
[D]. dbat: JERARHIR, 2017.

WANG Yong. Initial temperature-dependence of multi-field
property correlation and mechanical behaviors for cemented
paste backfill[D]. Beijing: University of Science and
Technology Beijing, 2017.

WANG C, VILLAESCUSA E. Influence of water salinity on
the properties of cemented tailings backfill[J]. Mining
Technology Transactions of the Institutions of Mining &
Metallurgy, 2013, 110(1): 62—65.

YILMAZ E, BELEM T, BUSSIERE B, et al. Curing time
effect on consolidation behaviour of cemented paste backfill
cement

containing  different and contents[J].

types
Construction & Building Materials, 2015, 75(75): 99—-111.
LIU L, XIN J, HUAN C, et al. Pore and strength
characteristics of cemented paste backfill using sulphide
tailings: Effect of sulphur content[J]. Construction and
Building Materials, 2020, 237(11): 1-13.

DONG Q, LIANG B, JIA L F, et al. Effect of sulfide on the
long-term strength of lead-zinc tailings cemented paste
backfill[J]. Construction and Building Materials, 2019,
200(3): 436—446.

THOMPSONB D, BAWDENW F, GRABINSKYM W. In

situ measurements of cemented paste backfill at the Cayeli

Mine[J]. Canadian Geotechnical Journal, 2012, 49(7):
755-772.
YILMAZ E. Investigating the hydrogeotechnical and

microstructural properties of cemented paste backfill using

the CUAPS apparatus[D]. Universit¢ du Québec a en

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Abitibi-Témiscamingue, 2010.

YANG L H, WANG H J, WU A X, et al. Effect of mixing
time on hydration kinetics and mechanical property of
cemented paste backfill[J].
Materials, 2020, 247(6): 1-9.
FAHEY M, HELINSKI M, FOURIE A. Development of

Construction and Building

specimen curing procedures that account for the influence of
effective stress during curing on the strength of cemented
mine backfill[J]. Geotechnical and Geological Engineering,
2011, 29(5): 709-723.

ALIREZA G. Coupled Thermo-Hydro-Mechanical-Chemical
(THMC) processes in cemented tailings backfill structures
and implications for their engineering design[D]. University
of Ottawa(Ottawa), 2016.

ALIREZA G, FALL M. Strength evolution and deformation
behaviour of cemented paste backfill at early ages: Effect of
curing stress, filling strategy and drainage[J]. International
Journal of Mining Science and Technology, 2016, 26(5):
809-817.

RERE, MBE, EUL, & HENYMEH T EREAK
IOV 45 K 8 AR AR [0]. TR RE 2 22 3R, 2015, 37(2):
145-149.

WU Ai-xiang, LIU Xiao-hui, WANG Hong-jiang, et al.
Microstructural evolution characteristics of an unclassified
tailing paste in constant shearing[J]. Chinese Journal of
Engineering, 2015, 37(2): 145—149.

SHU Z R, CHAN P W, LI Q S, et al. Characterization of
vertical wind velocity variability based on fractal dimension
analysis[J]. Journal of Wind Engineering and Industrial
Aerodynamics, 2021, 213(3): 1-8.

LI Q, LIU D, CAI Y, et al. Effects of natural micro-fracture
morphology, temperature and pressure on fluid flow in coals
through fractal theory combined with lattice Boltzmann
method[J]. Fuel, 2021, 286(15): 1-10.

INERTE, VB 7, B, MR R B AR R R L
DTCYEERIFR R &+ 1%, 2018, 39(S1): 297-302, 317.
SUN Yi-fei, SHEN Yang, LIU Hang-long, et al. Fractional
strain rate and its relation with fractal dimension of granular
soils[J]. Rock and Soil Mechanics, 2018, 39(S1): 297-302,
317.

AR, RERL R RORE s A AR A e B AN s 4 A T 1) 43 T
Hig[D]. Lifg: LigazikE, 2017.

WANG Yi-dong. Fractal theory of single particle crushing
strength and compression deformation of coarse granular

materials[D]. Shanghai: Shanghai Jiao Tong University,



10 A 05 R AR 2021 4F x
2017 [30] CHENGHY, WU S C, ZHANG X Q, et al. Effect of particle
[29] BE 72, &% M, AR, % HFERGBEREES/NSE gradation characteristics on yield stress of cemented paste

TERES TEARAE R R[], P 2 A PR RR, 2021,
17(3): 77-83.

CHEN Lian, YUAN Mei, XU Shi-qing, et al. Application of
digital image technology combined with island method in

coal fractal characteristics[J]. Journal of Safety Science and

[31]

backfill[J]. International Journal of Minerals, Metallurgy and
Materials, 2020, 27(1): 10-17.

WU A X, WANG Y, WANG H J, et al. Coupled effects of
cement type and water quality on the properties of cemented

paste backfill[J]. International Journal of Mineral Processing.

Technology, 2021, 17(3): 77-83. 2015, 143(9): 117—124.

Influence rules of curing stress on strength of cemented paste
backfill materials and its mechanism analysis

CHEN Shun-man"*?*°, WANG Wei"**° WU Ai-xiang’, WANG Yi-ming’

(1. State Key Laboratory of Mechanical Behavior and System Safety of Traffic Engineering Structures,
Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. Hebei technology and innovation center on safe and efficient mining of metal mine,
Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
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4. School of Civil and Resources Engineering, University of Science and Technology Beijing,
Beijing, 100083, China;
5. Key Laboratory of Roads and Railway Engineering Safety Control(Shijiazhuang Tiedao University),
Shijiazhuang 050043, China)

Abstract: To simulate the similar curing environment of field condition for cemented paste backfill(CPB)
materials, and analyze the influence of curing stress on the strength of cemented paste backfill materials, the total
tailings in one copper was selected as the research object, also the effect of the curing stress and curing time on the
strength of CPB was studied, the scanning electron microscope was used to observe the microstructure of cemented
paste backfill materials, and the computer image processing technology was applied for the binary processing for
the SEM image, then the fractal dimension method was adopted to the analysis of the compressive strength
mechanism. The results show that the strength of CPB materials is increased with the increase of curing stress, and
it shows the quadratic function of one variable, also the strength increases significantly with the increase of curing
time. The box-counting dimension increases with the increase of curing stress. The mechanism for the influence of
curing stress on the strength of cemented paste backfill materials is that: with the increase of curing stress, causing
the dissipation of pore pressure, the porous decreases greatly, and the hydration reaction is increased, forming the
new bearing frame of cemented paste backfill materials, the microstructure changes with the curing stress, which
resulting in the increase of strength for cemented paste backfill materials.
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