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Prediction of cemented backfill strength by ultrasonic pulse velocity and BP neural
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ABSTRACT Tailing-cemented backfill is a cement-based heterogeneous composite whose uniaxial compressive strength ( UCS) and
ultrasonic pulse velocity ( UPV) are dependent on cement dosage solid content sample type etc. In this paper uniaxial compres—
sive test and ultrasonic pulse velocity test of three types of backfill samples (7. 07 ¢cm x7. 07 ¢cm X 7. 07 ¢cm cube ¢5 ¢cm X 10 ¢m cylin—
der and ¢7 cm X 14 ¢cm cylinder) were performed and the effects of cement dosage solid content and sample type on the backfill
strength and ultrasonic pulse velocity were investigated by grey correlative degree analysis. The results show that cement dosage is the
key to the backfill strength with a correlative degree of 0. 837 while the ultrasonic pulse velocity is mostly influenced by solid content
with a correlation degree of 0.712. An exponential prediction relation between UCS and UPV and a BP neural network prediction
model were built and they were validated by F-test and t-test of statistical analysis respectively. The methods proposed can be new
approaches for predicting the backfill strength.
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Table 2 Results of greycorrelation analysis

/
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3 1 2
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3 . (a) 65%; (b) 68%; (c) 70%; (d) 72%
Fig.3 Strength comparison of samples with different solid contents. (a) 65%; (b) 68%; (c) 70%; (d) 72%

4 () 65%; (b) 68%: () 0% (d) 72%
Fig.4 Ultrasonic pulse velocity comparison of samples with different solid contents: (a) 65%; (b) 68%; (c) 70%; (d) 72%
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5 - . (a) 7 (b) ¢S cemx10cem 7 (¢) ¢7emx14cm
Fig.5 Relations between the uniaxial compressive strength and ultrasonic pulse velocity for different sample types: (a) cube; (b) &5 cm x10 cm

cylinder; (¢) &7 cm x 14 em cylinder
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Table 3  Strength prediction by ultrasonic pulse velocity

/
/% /(kgem~?) (kmes™") /MPa /MPa /%
65 4 255.9 1.84 3. 640 3.503 3.91
68 6 195.8 1.74 2.968 2.571 15. 44
70 8 141. 1 1.57 2.097 2.269 -7.58
72 10 116.3 1.51 1.855 2.203 ~15.79
65 4 220.4 2.17 3.328 3.054 8.97
68 6 167.5 2.02 2.659 2.410 10.33
5 em x 10 em 70 8 138.3 1. 61 1.439 1.358 5.96
7 10 120. 4 1.56 1.335 1.298 2.85
65 4 252.7 2.09 3.298 3.439 -4.10
68 6 194. 4 1.91 2.244 2.044 9.78
7 em x 14 em 70 8 136. 4 1.77 1. 664 1.616 2.97
72 10 133.2 1.94 2.393 2.000 19.65
N N traincgf Fletcher—Reeves
28d Hessian
4 tansig logsig

mse.
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Table 4 Prediction error and convergence rate of the neutral network
3 4 5 6 7 8 9
14 33 15 15 12 12 14
0. 1376 0. 1093 0.1010 0. 0787 0. 0482 0. 0861 0. 0981
7 .
=8 = L) * i (20)
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Table 5 Strength prediction by BP neutral network
/
/% /(kgem™?) (kmes™1) /MPa /MPa /%
65 4 255.9 1.84 3.358 3.503 —4.14
68 6 195.8 1.74 2.598 2.571 1.05
70 8 141. 1 1.57 2.103 2.269 -7.32
72 10 116.3 1.51 2.028 2.203 ~7.94
65 4 220.4 2.17 2.628 3.054 ~13.95
68 6 167.5 2.02 2.194 2.410 -8.96
5 om x 10 em 70 8 138.3 1.61 1.674 1.358 23.27
72 10 120. 4 1.56 1.413 1.298 3.86
65 4 252.7 2.09 3.054 3.439 ~11.20
68 6 194. 4 1.91 2. 151 2.044 5.23
7 om x 14 em 70 8 136.4 1.77 1. 801 1.616 11.45
7 10 133.2 1.94 1.989 2.000 -0.55
4x7x1 B, = -1.322 0.001 -0.158 -3.080
~0.693 -1.996 2.179 (22)
W,= 4.294 -0.881 0.409 -1.668
0 5.343 0. 541 0.419 -0. 344|:| -0.633 1.322 -1.377 (23)
0-1.179  0.692 -0.966 2.270 O B,= -0.8046 . (24)
5—3.281 0.928 2. 601 —1.2778 W, B,
W, =04.797 -1.433 -1.605 1.130 O W, B,
81.274 2214 -3.562  2.006 E
1312 0.82  3.294 -0.731Q 4.3
02,238 2.188 1.429  -2.4990 3 5

(21)
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a=0.01 7 (6): 9
7 |t1 | |t2 | t%( 22) ( . BP
H, H; X ZY Z 2013 45(6): 90)
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