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Study on Mechanical Properties and Ratio Optimization of Backfill
Based on Orthogonal Test
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Abstract; Aiming at the problems of high mining cost and difficulty in disposal of solid wastes such as waste
rocks and tailings, waste rock and tailings are used as experimental materials to determine influence laws of the mass
concentration, cement sand ratio and waste rock content on the fluidity and mechanical properties of the coarse
aggregate cemented backfill by orthogonal test. In addition, the reasonable ratio parameters are determined. The
results show that: Mass concentration, waste rock content and cement sand ratio are all significant factors affecting
filling slurry slump, and the influence of mass concentration is the most critical. The results of variance analysis
show that the mass concentration and cement sand ratio can significantly affect the 3 d and 28 d compressive strength
of the backfill, while the content of waste rock has no significant effect on the compressive strength of coarse
aggregate filling when the content of waste rock is 5% —20%. The multiple linear regression model can accurately

reflect the variation law of compressive strength and slump of coarse aggregate cemented backfill, and the
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construction of three-dimensional visualization model can directly reflect the combined effect of mass concentration,

cement sand ratio and waste rock content on the performance of backfill. Based on the established optimization model

of backfill proportioning parameters. a set of reasonable proportioning parameters can be obtained: The cement sand

ratio is 1 # 9.5, the mass concentration is 80 % , and the content of waste rock is 20%.
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Table 1 Chemical composition of experimental materials /%
Components SiO, CaO MgO Al Oy Fe, Oy SO, K,O TiO, MnO Others
Tailings 38. 37 35. 15 3.42 6. 85 10. 02 0.19 1. 25 0. 31 2.37 0.01
Waste rocks 23.70 59.48 2.43 5.61 7.17 0. 35 1. 21 0. 33 0.51 0.02
Cement 28. 83 50. 36 2.12 8. 97 3. 26 3. 44 1. 26 0. 61 0.16 0.01
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Table 2 Experimental design factors and levels

Level A B/% C/%
1 1:4 77 5
2 1:6 78 10
3 1:8 80 15
4 1:10 81 20
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Table 3 Performance test results of coarse aggregate cemented backfill

Number A B/% C/% Slump/cm Segregation rate/ % Rs4/MPa Rysa/MPa
1 1:10 77 5 27.5 11.45 0.5 1.9
2 1:8 77 10 28.2 18. 55 0.6 2.6
3 1:6 77 15 28.3 18. 68 1.1 4.5
4 1:4 77 20 27.3 14. 35 2.6 8.1
5 1:8 78 5 27.0 15. 22 0.9 3.8
6 1:10 78 10 27.8 13.28 0.6 1.9
7 1:4 78 15 27.5 15.12 1.5 5.6
8 1:6 78 20 27.9 11. 82 1.2 3.8
9 1:6 80 5 25.9 11.48 1.4 5.9
10 1:4 80 10 26. 1 11.45 2.1 8.1
11 1:10 80 15 27.2 12. 43 0.6 2.4
12 1:8 80 20 27.0 12.55 0.8 3.3
13 1:4 81 5 24.0 4. 85 2.9 9.2
14 1:6 81 10 24.5 7.52 1.7 7.4
15 1:8 81 15 25.6 9.56 1.1 4.9
16 1:10 81 20 26. 1 11.56 0.6 2.8
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Table 4 Experimental results range analysis test

A B C

Number Segregation Slump/  Rsa/ Risa/  Segregation Slump/  Riq/ Risa/  Segregation Slump/  Riq/ Rasa/
Rate/ % cm MPa MPa Rate/ % cm MPa MPa Rate/ % cm MPa MPa

K, 11. 443 26.225 2.275 7.750 15.758 27.825 1.200  4.275 10. 750 26.100 1.425 5. 200
K 12. 375 26.650 1.350 5.400 13. 860 27.800 1.050 3.375 12.700 26.650 1.250 5. 000
K; 13.970 26.950 0. 850 3.650 11. 978 26.550 1.225 4.925 13. 948 27.150 1.075 4. 350
K, 12.180 27.150 0.575 2. 250 8.373 25.050 1.575 6.075 12.570 27.175 1.300 1. 500

R 2.527 0. 925 1. 700 5. 500 7.385 2.775 0.525 2.700 3.198 1.050 0. 350 0. 850

Note: K; is the average value of each factor in class I test results,R represents the range value.
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Table S ANOVA test of experimental results
Examination Sources of Sum of Mean Significance
. L. Freedom F value
index variation squares square level p
A 1.942 3 0. 647 6. 889 0.023
Slump/cm B 18. 902 3 6. 301 67.058 0. 000
C 2.792 3 0.931 9. 905 0.010
A 13. 588 3 4.529 0.751 0. 560
Segregation . . . .
B 119. 080 3 39.693 6.583 0.025
rate/ %
C 20. 810 3 6. 937 1. 150 0.402
A 6.702 3 2.234 21.278 0.001
R;3 4/MPa B 0.593 3 0.198 1. 881 0.234
C 0. 252 3 0. 084 0. 802 0.537
A 67.527 3 22.509 32. 349 0. 000
Rss 4/ MPa B 11. 848 3 3. 949 5. 675 0. 035
C 1.947 3 0. 649 0.933 0.481
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Table 6 Regression parameters of slump model

Standardized Significance

Number Model Model item Standard error o t value
coefficients level p
1 Y= —0. 655078, 489 78.489 8. 858 8. 860 0. 000
—0. 655 0.112 —0. 842 —5. 843 0. 000
77.633 7.513 10. 333 0. 000
2 Y=—0.6552+0.069y+77. 633 —0.655 0.095 —0. 842 —6. 895 0. 000
0. 069 0.027 0.311 2. 550 0. 024
76.556 6. 054 12. 646 0. 000
3 Y=—0.6552+0.069y+ —0. 655 0.076 —0. 842 —8.571 0. 000
0.1542+76.556 0. 069 0. 022 0. 311 3.170 0. 008
0. 154 0. 054 0. 280 2. 846 0.015

Note:x is mass concentration B, % ;y is waste rock content C, % ;= is lime sand ratio A.
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Table 7 Regression parameters of 3 d compressive strength model

Standardized

Significance

Number Model Model item Standard error . t value
coefficients level p
3.223 0.303 10. 632 0. 000
4 Y=—0.2802+3.223
—0. 280 0.041 —0. 876 —6. 788 0. 000
Note: z is lime sand ratio A.
=8 WIdEEEREMASH

Table 8 Regression parameters of 28 d compressive strength model

Standardized

Significance

Number Model Model item Standard error o t value
coefficients level p
~ 11.150 0.954 11. 685 0. 000
5 Y=—0.9132+11.150
—0.913 0.130 —0. 883 —7.027 0. 000
—26.375 10. 902 —2.419 0.031
6 Y=0.4752—0. 913x—26. 375 —0.913 0. 097 —0. 883 —9.372 0. 000
0.475 0.138 0. 325 3. 450 0. 004
Note:x is mass concentration B, % ;2 is lime sand ratio A.

H12¢ 6 RN BT S B 3 SIS JEE [l U A TR 8
BABERBUR W R (B) X — 2 &K, H 3 A 1] 15
T HR Y o iR (B Wi 5 42 2 K- 20 0..000,
VLT R E (B) BE RS X 78 B IR % 82 3 s o
H IR L MK G T7 ZZ I B A R B, A 1.2,
SHWIE AL AE R 4350 0.842,0. 898 A1 0. 940,
DRIt oR S TR0 3 A iy 78 L0 B 9% 8 110 &k 1 [ 0
B A 7.8 BRI ] U9 2 BORT R 7 SR

(3 d) B o e SELAAR B [ 51 5 780 B8 o3 I o ¥k 3 (B R %
A5 (O, Ui BT B AN BB 28 A 23 %0 78 48 0K L0 it
JE 5 B2 7 A B E RS e s TE SR S 0 (28 DI Bl
BRI RS IR TR A B R (O R E A 155 (O Xt Fe
A J5 3 iR B TG 3 1 B L AR 506 1Y) A A OC R R
RAEST 510 0.883 5 0. 941, UL MG AL A 2 1F 2k 7
Wk 28 d Hr R BEE MR PE RN AL, bR T Y
FEIEARYIE B 3 d BUE 98 .28 d BT R 5 A



% 10 )

2 B T I A AR A B % e T R L 5 119

AR LR (1) L (2) 1 (3)

SLP = 0.154% — 0. 6552 + 0. 069y + 76. 556

€))

. SLP SR8 e 25 5t AR JHE BE L om; 2
KRS s KRR IE, Vo5 y HIRABE. %,

Ri = 3.233 —0. 280z (2)

KPR IR 3 d PLIE SR MPas = 2 K
W

Ry = 0. 4752 — 0. 9132 — 26. 375 (3

P Roso 2 SR EAK 28 d 1 He 5 B . MPa; =
JRAY E s M RV B 06

W 1 223 50 I 3k iy A5 14 FE LR B 3,28 d
B HE 8 B B30 43 ) b 3R T A ST T O AR TR AT
AL B S IE S W E an 1B 2 s . [l i, &
A BT ST B B L 28 d B BE ] 00 RS T, K 7D 1
(AR 1= 4, e AR I B2 bl ot & Wk B2 (B) Rl A
B4 (O A8 A6 = 4 ity i m] AL B AN ] 3 (a) T 7 5
AT 20 Y00, 28 d 5 B B K AP H CA) B o

(B) 7 Ak = 2k iy 1 nT AL A R A 3(h) fiF k.
B2 0] DU Y SEE 5 0000 (8 ve 3 2 0, i ST
F18y A2 TR B 0 25 hy A T M S I e SRR Y BB R A
SHR R A8 Ak R A L TN R A B A RS .
Bl 3Ca) il ALY C N 500 1), B i1 77% 3% n &
81% IR PP BERRAR T 9. 420: 24 C R 20%
. B 77 Y0580 3 81 %6 . 75 RN UK BT AR T
7.2% AT LA SRR R I B X B SRR B
C 138 A Jor R AR » 106 BH A8 0 AL REREIR P B8 A
— 7 2 (AR R AT LR AR ERT 3 o Joi 42 vk BE (B T Y
e RE Ik R N AR AR SZ . B B 3(h) T
YR B T KRAD He 1 s 10 B &
1: 4, Fol00k 28 d SR JN T 88. 156 24 Jit o vk JiE
(B)Jy 81Y% I KRB (A 12 10 34AmE 1+ 4, %
K 28 d SREESE AN T 60. 9% AT D45 M 7o SEAA S 40
5 RE T DAY B Y SRR P A2 0T i R B (B I 4 g 1T e
A U8 BH T e W O R R LR 4R KD L
(A XI5 H01 580 52 11 e 3 2 AT B 1Y

2(\
(a) - -m- - Measured value/cm 3.0 (b) - -l - - Measured value/cm
;_. - - @ - - Estimate value/cm - - @ - - Estimate value/cm
S
2w oA 0% . ) . "
Vo P 5+ B "
] v e 0
| SN m I
7k o o . :0\‘ * R e
g /e 20 W\ Al “
< ;o ) E Lo \ M ‘. W\
TN AN I
= 261 m/ K = e -0 o
1) - ; l'/ X 15+ S \‘: | | i l, : W
‘._—. K S \ N ’.' P' " "
\ H S \ L g v ‘\‘i
- y ! | | \ i
» Vo KU P A I Y
v, \
.‘ . /) l’l \ "’ ‘:“ ,,'- \\\\
v i k™ " -
24 0.5+ ' - I h
.5 ° é °
| | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Number Number
10,
(c) - - - - Measured value/cm
--@-- Es'imﬂ'(“, Vﬂlu(-!/(’m "‘
[ ] '\
8r u N
r / Y )
Iy / IS
1’ ' ’/ IR
N ) K L
< 6 ‘,’I \ \ ! ’l L] W
a G ) \ \ /Il " W
= AR R
< \
& s W | i\
! " S \
' ] - .
o o S ']
/. R /
2F L
, H
/
[ ]
ot | | | | | | | |

8 10 12 14 16 18

Number

B2 IESHNEHSE
Fig. 2 Actual and predicted values



120 4B T/’

%1%

3 FIEMERER

Fig. 3 Three-dimensional visualization model of different factors on properties of backfilling
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