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Fig. 1 Particle size distribution of tailing
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Table 1

fraction, %)

Chemical composition of tailings (mass

Si0, CaO MgO ALO; Fe S

33.02 15.68 1.82 2.56 10.37 4.55

Pb Mn F K P Cu

0.0095  0.085  0.080 0.37 0.049  0.065

AL MRAF. B Si Y Ca & &L 48%, AF
T AR R R R

2) BHAIKFERS T

IKFEFEFT R B TVLPE R 2t A - 4 A 0
T, KR ERAGER. AR REM
KAy, MAYER G LA AT LN 2R ICH R, 1E
Bl M 2% AR R AR R P A 2 A KR TR K A I
JSE 000 Ak 22 7K RE R A X KU KA A A £
HRIESERT AT Fe 48 ST, A UCRIGHI ] 4%IK FE [
NaOH EHIRH/KFEREFT 24 h(LA AR AL K FE
F&FF), 1EVESE pH=7 J-1E 50 C FIATHT . BEJS,
R WANG P s EoR, Bk F
BAEK RN 12 mm. Rk, A VSR T A s Ak /K e
FEFFKFER 12 mm. HABE 75 HA7KIR TR E R 0%.
0.1%. 0.2%- 0.3%. 0.4%.

3) KJe K

KR AT R R 22 KR
(P.032.5), RAKNHENFKK,
1.2 RFEFIF

A VAR K KWt KV 5 R T & k)
L4, JREREN 74% MR EEC . H e R, &b
BT AL K RS FT . KRR A, AR IMNE
H7KLE JI-5 BUBEFENL PR S min B 7R IERLRK 52
23957, BN 50 mm X 50 mm IR AR S, £
24 h BB E M EEEEERFVHEARERN
(20£1) °C, WBEH 90%)H 74 28 d, XA F|FRP
IR T A A v RS . RIS T T &
W 2,

2 Wiy =it

Table 2 Experimental scheme design

Mass Length of Content of

No. cl/t . alkalized alkalized
fraction/% . .
rice straw/mm  rice straw/%

C-0 14 74 12 0
C-1 1:4 74 12 0.1
C2 14 74 12 0.2
C3 14 74 12 0.3
C4 14 74 12 0.4

HRE: o/t 7J(/E5)%E’/I\B/‘]q:gi§tt

13 iRXE7sE
1.3.1 SHPB zha&s i as

ZA YRS K H 4 88 U I 4 4k AT (Split
Hopkinson pressure bar, SHPB) R4, 41 2 Aiw.
WE, NMAAREMT 107 s FTEHE S, TH
FAR DG B AR I0 B AR RGN 107~107 571,

2 SHPB R ARG K

Fig. 2 Schematic diagram of SHPB test system: 1—Absorbing bar; 2—Transmission bar; 3—Strain gauge; 4—Specimen;

S5—Incident bar; 6—Parallel light source; 7—Bullet; 8—Pressure chamber; 9—Nitrogen bottle; 10—Electronic counter; 11—
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Data processing system; 12— Yokowaga D1850e oscillograph; 13—Sdy2017A super dynamic strain amplifier; 14—Damper
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Table 3 Single impact load test results of backfill with different content of alkalized rice straw
No, Impactvelociy, Avesgesnin I, |y, Ity Avegesin ol
’ strength, o/MPa ’ strength, 6/MPa

C-0-1 4.68 52.89 8.32 C-2-3 5.54 86.15 10.96
C-0-2 5.32 59.84 9.14 C-2-4 6.13 101.3 14.31
C-0-3 5.64 89.84 9.76 C-3-1 4.75 54.42 9.49
C-0-4 6.12 101.28 12.50 C-3-2 5.32 77.64 11.59
C-1-1 4.66 49.45 8.49 C-3-3 5.62 88.90 12.18
C-1-2 5.20 63.03 9.64 C-3-4 5.93 104.27 15.67
C-1-3 5.63 84.65 10.27 C-4-1 4.53 54.21 9.08
C-1-4 6.08 97.94 12.83 C-4-2 527 61.50 9.88
C-2-1 4.67 52.08 8.99 C-4-3 5.66 91.84 11.63
C-2-2 5.34 69.2 10.36 C-4-4 6.06 101.61 13.94

R C-2-4 FoRT KRR AT S E N 0.2%, SHPUM-PIRARR,

R4 AFEBRACKTERFT S B T ARE A b o Ay B K 25
Table 4 Cyclic impact load test results of backfill with different content of alkalized rice straw
. Dynamic . . Dynamic .
No. Impca/c(tn;f'e;{(;)c o, compressive Avre;legeg/sst_rlam No. Imp Ca/c(tnrzlg)c ¥, compressive Avre;legeg/sst_rlam
strength, 6/MPa ? strength, 6/MPa ’
C-0-1 3.29 8.02 42.33 C-2-111 3.53 5.31 38.40
C-0-11 3.21 6.78 43.56 C-2-1v 3.26 3.66 36.40
C-0-111 3.40 4.14 37.69 C-3-1 3.20 9.36 45.24
C-0-1V 3.24 2.88 35.85 C-3-11 3.36 8.66 41.21
C-1-1 3.39 8.15 41.30 C-3-III 3.23 7.44 40.25
C-1-1 3.22 6.81 39.86 C-3-1v 3.39 4.39 32.00
C-1-111 3.18 4.62 35.64 C-4-1 3.32 8.32 43.24
C-1-1v 3.31 2.93 32.78 C-4-11 3.08 8.17 40.32
C-2-1 3.31 8.91 44.22 C-4-111 3.45 6.87 40.03
C-2-11 3.25 8.08 41.52 C-4-1vV 3.14 3.90 34.70

VERE: C-2-1V BRI KFEREFF SN 0.2%, 2 IV KT .
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Fig. 3 Stress wave balance test: (a) C-0-1; (b) C-0-2

1.3.2  SEM ik

FIF SEM(MLAG650, USA)XT B A [A & E bl ik
IKFEREFF I 78 AR BT RO S 82 . S B b i )
(P FRIEARIRAE T K LBE IR 24 h 2 absKIEK
R, FHAE 50 CRRHET TEMEPH_T. BT
PRI G R 2, TR A X I 4 A B
FHE 2 i B AT AT ORI .

2 GRS

2.1 BOMERE T FRIRARNS I EFIE
21,1 FUIEARI AR RGN

B 4 FToR N AN [ ks 80 6T B (1930 AL 38
AFFHy 52, 66+ 88, 101s '(H1% 3 A4, SHPB iR
B % A pp ol B I AL S, SRAS T3 R AR e 22
SRUN, ORNT HENFTT, THE T AU R b
N FITGE R IR B AR I S5 4B I A48 A [R5 =i
K FEREF ) R D I 245 70 S AR B 25 B o B AR Ak it
2. MK 4 AR, BEEILBCEY N AR N, BT
FIEARFE SIS PRSI, =& H R
ZREZMARBOR RS RECIRT 0.99). 4ik
IR RAFZE A 52 871, C-0~C-4 HH TSR BN S
PUESRE 4> 4 8.32. 8.49. 8.99. 9.49. 9.08 MPa,
B 5 DL 25 AR R N, B A B s o 12 VAT 3
n, HAEERCFERAR RN 101 s7 I, ShZSPUE
FERIMEINE 12,50, 12.83. 14.31. 15.67. 13.94
MPa. X ANHLG R B 7 A B A B 5 (1 AR S 3 51
RANE o I A2 R Ry 7 A8 R TR T I 1) o 3 P K
B BB NS 6E, 5 B AR TE B TR Y
WK R RE R, 1 HL R I e R FE AROR 300 1 1K
FEIEAAIE NS 7 ) 75 ORI A e R
AN, B BEE B BRI, 2GRl 1 N AR A
3 88 s, FEIAMREN AU R K P G R 0
BRG] 70 HUR B A B He 53t B 658 v 1) o A R
UK.

16| aco —Fitting curve  5-=0.000210¢’-0.04668¢ >+
v g; —Fitting curve 3.45368¢-73.40769
<« C- -Fitting curve R?=0.999
» C-3 ——Fitting curve i N
C-4 —Fitting curve
14 + i
=0.0000449¢3-0.00864¢+
0.60501£-5.33298
S ) R=0.996
=0.000174£°-0.03781¢>+ .
12 b 2.73267e-55.35063

R*=0.999

Dynamic compressive strength/MPa

10
A . a=0.000129¢-0.02798¢>+
7=0.00012463-0.026346>+ 5 (34256-39.7161
sk 1.86872¢-35.02412 R=0.998

1 1 R*=0.997 1 1 1 1
50 60 70 80 90 100
Average strain rate, /s

Bl 4 BhEPURRE S T B NAR R A& il 2

Fig. 4 Relationship curve between dynamic compressive

strength and average strain rate
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Fig. 7 Failure morphology of backfill with different content of alkalized rice straw under a single impact load



31 B x W

KR, 5. SHPB i fir 8K SR AKRERS AT R 5 T8 A B S I Ak R 9

TR AR RN T 52 s &2kl HEE
IR bk i B0 ) R AR O B R R R 75%
I 57 IV A% 28 (e o 1l B2 Y L 9 (3.340.5) /).
A ER i fof 3T A FBALK BB RS AT & 2R
HARZN AP NR 4. Bl 8 Fra NaHh ki fif
BN AR AL K FEAS A5 8 1) 78 AR B S P 5
FE i Bt e A, A 1) FEiZrkd
HE N BT 78 AR 27 B DU i S R AR R
Wy 81 R, C-0~C-4 A e KB AT E 58
FE3 N 8.02. 8.15. 891, 9.36. 8.32 MPa, il
E BN, A TR A R B A P 5 Y
N, AT IV IR, C-0~C-4 4 7R IAMREN S
PUE SR 4 AR/ N2 2.88 2.93. 3.66. 4.39. 3.90
MPa. X2 FCAERT LRy, Zepei i B Nk
TR RE R AR R, RO REE, 7
HARBRA—m bt b kB, E
RSO IR R, R BT a5,
HCPTAMER AT 2R W RE 1 IE T R R, SERIEAAZ
YRR TR, MRLURWTY RS F RIS,
FE S5 IV R s R AE TR . 2) AR [F) s AR 45
K FERE AT 1) 78 A4 B 25 0 e 7 R B B 0 R (HL v
C-1 HomE A E, 7R Sl KRER/RT &=
BN, TR AR 8RR K RE RS F A A4 3 5B (A
AR HEESA %) B e 45 R AL,
C-3 M7 EMAEA R s BT B 3 = 1 Bh a4t
JESRSE, AHEEARB AL KFEFREFF I C-0 2H 78 34,
SASPUEHEFE R 16.7%~79.7%. {EFHA PR3k

10

Dynamic compressive strength/MPa
N

| Il I IV
Number of impacts

8 ENAPUHSRLE MULIKKIK R 2k

Fig. 8

strength and number of impacts

Relation curve between dynamic compressive

A KRBT A foe s BAR IR N 0.3%, Zh Pk
SREEMMIE K. UhAh, C-3 5 C-4 Ak, fE
S5 11 U0 5 L v ol I 1) 28 285 70 M 9 BE 2l v T
C-0 A FesHiARss [ 55 IR R 3h A%
FE, R KRERE A R s 1 FesfiA Sk Y
FRE ), MRELE A B T IR SN R, w1
FEIR AR RE
2.2.2 Gy 4 B8R AN R BAL K R RS AT B

FEIRAAAR R, 77— A8 Y 2R

T IR 24 ook 4p 28 Bk AR AR AT X 78
SRR A7 — AR AP AR OS2, JEHL C-0 5 C-3
8 SR 1R B ) — AR 2 AT XS B p, i 9
Pizs. B9 AR 1) WERRE, KT
ik, AT EC T SRR A R e P ik
R EP B BYEAEN B AR IER B
REGUBE WA B B sl R Hm, BT
B B 1 T 2R B R, R W TE AR P R B 5%
W R, RPUERIZIIBET T N 2) AR AL
C-3 IR L A7 - I AR 2 Vi, MIARAE BE K
FILIRAD s AL KR AL FTE Fe SHAA AR N FE e g A%
AT, HHAESEA R N R CRE R, IR RE R
R 1R 7 e BRI AR IR RE s RN, Rk
FERD S T8 A B AL K R A5G A P 0 P AL TR 2 % 2 3
TP 2. BhAh, N IERIE(E A, BlikoK
REAE AT R BTN AL 77, (A TSI R 7R e
N RETEFEIRE, B IRA KRR RS AT (0 FE AR N g N
AR M, A K.

Stress/MPa

TN

0 O.OIOZ 0.604 0.(;06 0.008 0.(I)10
Strain
B9 AFEA KBRS 2 M R IEAR R - R it 2

Fig. 9 Stress strain curve of backfill under different

number of impacts



10 hEA O RYR

2021 - x A

2.2.3  FEIA T ECR A RS KRS RS AT S BN

NN RN

LLC-0 5 C-3 HFesH AT TR R, D HFEA
[ ph i BT SRR RIS, W — P E
Bl A /K ARG AT X TR SRR B 25 0 AR AL 520 - 181 10
FRN C-0 5 C-3 HARBAKFEAEIE R bt far i T
MBS TR 1) WEBARE, B
5 RB ALK REREAT (10 78 AR SRR R R 3R o iy &
BORTE S Z MBI Y. ERAL. R A,
FEREBUN BRI B (R T Reb o) —ERal. il
R, INTE, ABER T v A N CER 1T
ROk Sy e, BT A, PRBER
Pl ¥ T AR 2k 58 18 i (BB TILK i i y— 78 SEAR R R A
WRBOACGEIV ). QIEMFIMERET, &
5 RIS B AL K REREAT (19 78 AR SRR ORI 547
FEZES . o 1 et , P se A GURE 2 LA
HEU(C-3 AL S BN TRV ) 19 4 78 SR
DRSS BRI R 58 IR, R
KA, LEEIvE, H2 C-0 AR
INTE K ERGE, MR RBEE IS, B0,
X5 221 TEIASHURMREE . 2.2.2 1R BRI 2L
A —F. 2 IR, C-0 4 SRR A 1 £t
R EROE T, BARKERE, EILVPRE T AR
BEST; T C-3 H SR RE BR R T K TR % 4
REOERTS, ERA—ERRERE. 5 TV X
P, PRI R EERIOR, C-3 4Rk

PR RS R R EAR (IR B 1 el A /K R R AT B A
A1), RUIERTILA M AR, B KFERAT
SRR R, RMBER, A
A7 5 R R AR RE T (PR B T Tl e K R A AT 4 i 2R
fRREE YD), X5 2.2.1 J9HE E i OBCT B Ak
K REAREAT (¥ 78 A B AT 58 i3 ) 3 A5 470 s 56 P52 AR X
Bio ZxE, HIMCHERT, FEANBUE KA 2RI 1
A RN, SERRFE IR AL 3B B AL K RE A AT ) 78 3R
TRTE Ja S22 1 2 R BN Ja B RE DRI I RRUE 1k,
HA RS Ribdrttae, maBhTemdt TRk
24t

3 WALKFEFREF 5T EAR R R
MAER KX FR

T W E B K FE AL AT 5 7R S AR A R 4R
KEZR, fnhdifidl T ABEENIERE, FH
SEM-EDS 3KEL T C-3 AL, WK
11 . K 11(a)5 EDS 70 br4s AT 50, Biifh K
FERS AT R AL AV KA =P8 T (28 C-S-H
K5 CH), #&& 1K FERsF 5 78 A R A 2 ]
(PORREE SR, HEMT O T ik KRB RS FHE A s A 2
RPN BRI ENE T . DRk, Ak K REAS AT RS 4
Ry ke, RN PUATRMER 77, &5 T 7R
WA EAPUERE Shuhditiae, 552 hE
T AL 7K FE RS A I R D IR 45 e S AR B B = 3 &

C-0

C3 1 2

B 10 ¥R 8T AR AL KRR AT 5 & 1 e AR I 25

Fig. 10 Failure morphology of backfill with different content of alkalized rice straw under cyclic impact load
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Response of dynamic mechanical properties of alkali rice straw
based cemented tailings backfill under SHPB impact load

SONG Xue-peng', WANG Shi', WEI Mei-liang', LIU Wu', WANG Xiao-jun', TAO Tie-jun’, WANG Ji¢’

(1. School of Resources and Environmental Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China;
2. College of Civil Engineering Guizhou University, Guiyang 550025, China;
3. School of Architectural and Surveying & Mapping Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China)

Abstract: In the process of backfill mining, the backfill inevitably experiences dynamic disturbance such as
excavation and blasting, which reduces the stability of the backfill. Therefore, the low-cost and widely-sourced
agricultural waste rice straw was added to the cemented tailings backfill, and the dynamic mechanical
characteristics of the backfill with different contents of alkalized rice straw (alkalized by NaOH solution) under
uniaxial single and cyclic impact loads were studied by using split Hopkinson pressure bar (SHPB). The results
showed that: i) under single impact load, the strain rate enhancement effect of all the backfill was obvious, and the
dynamic compressive strength of the backfill was significantly improved due to the addition of alkalized rice straw.
With alkalized rice straw content increased from 0 to 0.4%, the dynamic compressive strength of the backfill first
increased and then decreased. The dynamic compressive strength of backfill increased by 14.06%—26.81%, and the
optimal addition amount of alkalized rice straw was 0.3%. ii) The strain of the backfill with alkalized rice straw
was greater. With the average strain rate increased, the damage degree of the backfill gradually intensified, but the
addition of alkalized rice straw could maintain the stability of the backfill, and the block was larger when the final
fragmentation failure occurs. iii) Under the cyclic impact load of the same number of impacts, the dynamic
compressive strength of the backfill with alkalized rice straw was greater, and the optimal addition amount of
alkalized rice straw was still 0.3%. iv) The surface of the alkalized rice straw was covered by cement hydration
products, which improved the adhesive strength between the alkalized rice straw and the backfill matrix. The
alkalized rice straw played a bridging role in the backfill, which inhibited the expansion of cracks, and provided
tension for the pre detached block, thus the dynamic mechanical characteristics of the backfill was improved. The
stability and impact resistance of the backfill are significantly improved by alkalized rice straw, which is more
conducive to improving the safety of underground operation.

Key words: Alkalized rice straw; impact load; cemented tailings backfill; dynamic compressive strength; SHPB
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