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Distance Discriminant Analysis Method and Its Application for Prediction
of Over—excavation in Underground Opening

ZHOU Jian', SHI Xiuzhi', ZHENG Wei’

1. School of Resources and Safety Engineering, Central South University, Changsha 410083, China
2. School of Geoscince and Environmental, Central South University, Changsha 410083, China

Abstract Over—excavation is an inevitable fact in tunnel excavation. Based on the principles of the Mahalanobis Distance Discriminating
Analysis  (DDA), a distance discriminating analysis model is proposed in this paper to predict over—excavation of underground opening.
According to engineering practice, the main factors affecting overbreaking in tunnels include the geological characteristics of rock mass and
the geological constitution, which are considered in the forecast DDA model. Five parameters influencing the over—excavation of opening,
including two groups of joints, one group of layer surface, extension and space between structure faces, are selected as geometric
parameters. Twenty—one sets of engineering data in an underground opening are used as the training samples. Corresponding discriminating
functions are obtained to classify the samples to be discriminated. The re-substitution method is used to verify the stability of the DDA
model and the ratio of mistake—discrimination is equal to zero after the DDA model is trained. Some field survey data in a pump-storage
hydroplant were used to test the discriminant ability of the DDA model. The results show that the prediction results are identical with the
actual situation, with high predicted accuracy and low misdiscrimination rate. The DDA model can be used in practical engineering.

Keywords underground opening; over—excavation; distance discriminant analysis; prediction

: 2009-10-21

“ ” (2006BAB02A02) ; (2009ssxt230)

, X s :hnblast@gmail.com ; ( ), s
) :shixiuzhi@263.net

2010,28(13) 35

| -



] jcmik

eview

Scdesece d 7«:‘-‘-&9;

[1-5]

[2-4]
o

[3]

6]

Bayes ; g

191
[10-14]

o

[15-17]
’

(Distinguish Analysis)

El

[15-17]
o

(Distance Discriminating Analysis, DDA )

El o

1.1 (Mahalanobis)
G=(X,, Xy, -+, X,)( ) n ( n
), X=(x1, %35 5 2,) " w=E (X)),
=, foy o5 ) G=(X,, X;, -, X,)"

V=cov(G)=E[(Gu)(G-1)'] (H
X G=(X17 X27 BE) Xn)T
d(X, G)=V (X-u)"V'(X-u) (2)
1.2
k G], Gz, ey, Gk ,Gi
M, Vi(V>0), i=1, 2, =, k(k>
2)’
dZ(X7 Gi)=(X_"’“i)T‘/i71 (X_"Ll) (i=17 27 T k) (3)
y Gi G/ El

36 2010,28(13)

(Articles)
dz(yv Gi)<d2(y7 G/) (l#]7]=17 27 B k) (4)
y G,
Y=lyy eR, &y, G)<d&(y, G)} (#);j=1,2, -, k;
i=1,2, k) (5)
{le WZv T, 1P}c} RP ) (3)\ (4)
ye¥, | 'y G
Vi=Ve==V,=V>0, i=1, 2, -, k
T
Py, G-y, G)=2y-BF | Vi) (6)
Wy)=(-H2E )V ) , y
. 4)
Wi(y)>0  (i#j,j=1,2, =, k) (7
(5)
Y=y:ye R, W;(y)>0} (8)

’i7éj,j=1, 27 - k’ i:l7 27 e ko
’ P 2, s M Vi, Vo,
-V, ) ’

’ El o

Xit, Xizg "%y Xin G , MV
ﬁ;i:Ei—L X; 9)

V=S,=—— 2 (DS, (10)

8= _1 Z(Xl/ x)(xi/_x) n—znm

i=1 i=1

A A

me vV (8) MoV, Ry
(0, Vs, -, W,
yeG;, , vy G
1.3

U6 o Gl G2 El -xgl)v x(Zlg R
B P B G G, ,

n o nytn, s

1

Table 1 Results of re—substitution method
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Fig. 2 Model of distance discriminant analysis method
W, (x)=-440.264-0.5022X+2.4520X,+3.9452X ;+8.0499X ,—
1 1.3029X5+7.2422X +0.5041 X ~4.7020X 5
Fig. 1 Over—excavation of underground opening Wz(x)=—585.422+0.4318X +4.1752X +4.5934X +11.7967X ,—
2.2393X5+6.9938X+0.9877X—6.9822X;
22 .
ot W4(x)=-554.383+1.1658X,+4.7947X ,+3.8467X ;+12.8300X ,—
’ 1 2.6787X+6.0238X (+1.2504X,~7.5844X
NE X, X,. 2 NE X, X,. Wa(x)=-439.011+1.8450X +5.1930X 1+4.6146X 1+16.6408X
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Table 2 Training samples of distance discriminant analysis model

(Articles)

X, /(%) X, /(%) X3/(°) X, /(%) X5/(°) Xe/(°) X;lem  Xg/em ANN BDA DDA
1 15.0 74.0 38.0 17.0 20.0 82.0 7.0 32.0 G, G, G, G,
2 30.0 83.0 45.0 15.0 35.0 84.0 13.0 14.0 G, (& (& G
3 35.0 84.0 30.0 22.0 25.0 82.0 22.0 25.0 G Gs Gs Gs
4 40.0 80.0 25.0 30.0 30.0 84.0 10.0 14.0 G, G, G, G,
5 0 75.0 40.0 20.0 25.0 82.0 7.0 33.0 G, G, G, G,
6 0 75.0 38.0 10.0 30.0 85.0 5.0 15.0 G, G, G, G,
7 15.0 74.0 38.0 17.0 20.0 82.0 7.0 32.0 G, G, G, G,
8 30.0 83.0 45.0 15.0 35.0 84.0 13.0 14.0 G, G, G, G,
9 35.0 84.0 30.0 22.0 25.0 82.0 22.0 25.0 Gs G; G; G;
10 40.0 80.0 25.0 30.0 30.0 84.0 10.0 14.0 G, G, G, G,
11 5.0 67.0 50.0 21.0 15.0 83.0 90.0 54.0 G, G, G, G,
12 10.0 62.0 35.0 16.0 30.0 79.0 30.0 27.0 G, G, G, G,
13 15.0 65.0 20.0 35.0 15.0 84.0 106.0 45.0 Gs G; G; G;
14 25.0 85.0 20.0 22.0 14.0 84.0 80.0 30.0 G Gs Gs Gs
15 40.0 77.0 25.0 27.0 3.0 88.0 7.0 8.0 G, G, G, G,
16 55.0 74.0 40.0 21.0 12.0 80.0 9.0 10.0 G, G, G, G,
17 65.0 75.0 36.0 21.0 65.0 88.0 52.0 14.0 G Gs Gs Gs
18 20.0 68.0 30.0 15.0 0 75.0 55.0 15.0 Gs G; G; G;
19 55.0 65.0 26.0 20.0 50.0 80.0 70.0 12.0 Gs G; G; G;
20 18.0 79.0 25.0 18.0 20.0 75.0 26.0 8.0 G Gs Gs Gs
21 10.0 77.0 20.0 18.0 35.0 70.0 36.0 9.0 Gs G; G; G;
3
Table Testing samples of distance discriminant analysis model
X0 X Xl X XsI®) Xe/®)  Xslem  Xslem ANN BDA DDA
1 1648 75.64 39.15 18.96 21.82 83.15 8.85  33.59 G, G, G, G,
2 1.09 76.90 26.51 21.08 26.75 83.75 8.74  34.67 G, G, G, G,
3 1.94 76.37 41.90 11.85 31.87 86.78 6.29 16.81 G, G, G, G,
4 16.45 75.64 39.15 18.64 21.83 83.03 892 33.14 G, G, G, G,
5 11.26 63.52 40.0 17.05 31.74 80.0 3151 28.33 G, G, G, G,
3 ,
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