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A Robust Regression Model and Its Application in Calculating Shear
Strength of Rock
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Abstract There are two problems in the graphic method and the Least Quares (LS) method in determining the shear strength of rock. (1)
The experimental data should be highly correlated, and separate data and anomalous data are not suitable. (2) The effect of anomalous
values in test data is markedly shown because of the quadratic sum of residual errors in the least squares method. This paper proposes a
shear strength parameter (Robust) regression analysis method. This method can be applied to analyze experimental data with poor
correlation, and with anomalous values, and the effects of discrete and abnormal positioning can be weakened to improve the robustness
and reliability of estimated parameters. In order to reduce the effect of anomalous values in the test data, the sum of residual absolute value
is used instead of the quadratic sum of residual errors in the robust regression method, then the quadratic terms of anomalous value could
be avoided, and the effect of anomalous values could be reduced. It is shown that the resulis of the two methods are the same when the test
data is good, but the results of the robust regression method are better than those obtained by the least squares method when there are
anomalous values in the test data.
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Fig. 1 Robust regression and least squares fitting

’ Gmm

n » 2
Guin= Z,wl'(Yl— le]ﬁ/ )
i= i

« »
El

Uz

u=e/s=0.6745xe/med (le,~med(e;)|)

,med () ,8 o
2
¢
’ T=c+otang
_ ?cct.)sgo +0 }+s%ngo
—sin —sin
(1) © @
T O
g g3
y=at+bx
(2), a b
( . @),
minX= 2 yi—a—x;b |
=1
(7) ,
4@7

wi,

(2)

LSE,

(3)

(4)

(5)

(6)

)




] jcmik

1

eview

Table 1 Weights of different calculation methods in robust regression
‘ 1 w/c=0
Andrew’s [ wi:1 0 lulel>m e 1.339
Isin(lu/c)lufel  lufel <
Biweight ™ wi:( 0 lufel>1 ,C 4.685
(1-ludc?)? lufel<1
Cauchy w=1/(1+(ujfc)?),c 2.385
Fair ™ w=1/(1+(ufc))?, c 14
1 lul<a
allu} a<lul<b
Hampel = a, b, ¢ ,0<a<b<c, a=2,b=4,c=8
allulx((c=lul)/(c=b)) b<lul<c
0 c<lu,
1 lul>c),
Huber wi= , Ch 1.345
cil/lud lul<c,
Logistic W= ! ul=0 1.205
tan(lufel)/(lu/cl) lu;l #0
. 1/0.00001 lul=0
Median wi:(
1/l lu,l#0
1 lul<ec
Talworth wi:( , Ch 2.795
0 lul>c
Welsch 14 Wi:e—o.sm,/cf e 2085
3
3
' Table 3 Comparison of analysis results
; ’ for shear test data
.10
’ ] b a R
’ i ’ 31 ’ 7.3708192 0.7850291  0.720855
Andrews 8.8237213 0.7497441  0.745230
70 ’ Biweight 8.8188394 0.7499221  0.745029
2, 30%.45° 60° 3 ’ Cauchy 9.1658513 0.7381833  0.756503
2, 3, 2 Fair 9.4634604 0.7255908  0.793112
2 s Hampel 7.3708192  0.7850291  0.720855
6. 7 3 o Huber 9.0300461 0.7485389  0.740784
Logistic 5.9225928 0.7514858 0.757433
2 Median — — —
Table 2 Results of shear test data Talworth 73708192 0.7850291  0.720855
Welsch 8.9550398 0.7456103 0.748774
o /MPa  7,/MPa o /MPa  7,/MPa
LQ2-41 64.94 25.54 LQ2-53 93.96 69.45 4
LQ2-42 — — LQ2-54  113.13 83.62 Table 4 Results of shear test
LQ2-43  — —  LQ2-61 5241 6582
LQ2-44  13.68 538  LQ2-62  42.00 52.74 ¢/MPa @l°
LQ2-51 69.05 51.04 LQ2-63 78.27 98.29 7.3708 36.33431
LQ2-52 85.34 63.08 LQ2-64 85.68 107.59 9.4634 35.98288
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Fig. 2 Comparison of analysis results for g 300 =
shear test data 2 o . ] ATtk
R 200 1=5.9x+70.0
5 E. }gg R=0.9998 /b — Tk
Table 5 Results of rock tri-axial test F 5
1 2 3 4 5 6 7 8 0 5 10 15 20 25 30 35 40 45
o/MPa 66 70 87 102 111 104 122 126 B /M Pa
oy/MPa 0 0 0 5 5 10 10 10 3
9 10 11 2 13 14 15 16 Fig. 3 Comparison of analysis results for tri—axial test
o /MPa 144 188 188 192 220 228 235 320
oy/MPa 15 15 20 20 20 30 30 40 4
1) )
6 ) o
Table 6 Comparison of analysis results for tri-axial test data
b a R ’ ’
72.165672 5.8623881  0.973937 ’ °
Andrews 71.925521 5.8414960  0.977338 2) : :
Biweight 71.927213 5.8415122  0.977316 ’ ’
Cauchy 71.828558 5.8372502  0.978520 °
Fair 71513296 5.8514692  0.981122 3) , ,
Hampel 72.165672  6.7034433  0.973937 ,
Huber 71.938781 5.8285873  0.977090
Logistic 70.918530 5.8057844  0.977283 ' '
Median 70.000000 5.9000000  0.999841 4) :
Talworth 72.165672 5.8623881  0.973937 ’
Welsch 71.894592  5.8394287  0.977738 A ’ ’
7 o
Table 7 Comparison of analysis results for tri-axial test data
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