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Fisher’s discriminant analysis method for identification and
classification of expansive soil

YU Song"? ~ CHEN Shan-xiong"?, YU Fei', XU Xi-chang'

(1.Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China; 2.China Zhongtie Major Bridge Reconnaissance and Design

Institute Co., Ltd; 3. Collegel of Civil Engineering and Mechanics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: A usual discriminant analysis method-Fisher’s discriminant analysis is introduced. Based on Hefei-Liu’an-Yeji Expressway

Project, sampling soil’s discriminant analysis of swelling potential ultilizing the software of SPSS is conducted, discriminant equation

suiting for the district is obtained; and several conclusions are drawn as follows:(1) Only several basic physical indices are acquired

in the analysis, the operation of which is popularization and standardization. Lots of advantages such as easy test condition, simple

facility and short periodic time can be obtained and a correct classification can be done on the basis of statistics. (2) The value of

coefficient of plastic index is maximum, which means that discriminant equation is sensitive to plastic index and that plastic index

can reflect swelling potential to a well extent. (3) It is easy and efficient to do discriminant analysis making use of SPSS, statistic

significance of classifying is explicit and it can provide grounds for the discriminant of expansive soil. Tests for the equation are

carried out and from which we can see that it has good prospect for the identification and classification of expansive soil.
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Table 1 The indices of physical properties for expansive
soil and its classification of swelling potential

<0.002 mm

1% R % wyw e
1 597 25 368 165 28 25
2 610 24 389 189 43 30
30647 31 381 173 32 29
4935 31 469 263 43 30
51008 38 441 226 40 29.5
6 1100 27 467 264 43 30
71168 40 453 234 40 40
8 1401 48 531 286 49 38
9 1525 44 532 296 45 375
10 1693 48 554 327 53 35
11 1714 46 596 355 54 38
12 1881 54 546 311 62 34
13 1967 55 690 426 60 45
14 2065 64 627 390 85 46
15 —— 71 748 489 95 49
16 — 6 742 483 76 51
17 — 60 799 533 7.0 48

[13]



3 Fisher 501

g g n —
4 Fisher W =>(n=DS; = > > (% —%)-
i=I i=l j=1
4.1 Fisher Y
(xij—xi) > W/(n1+n2+---ng—g)=
m p G, G, S >
Fx) - F.(X) N W 'B, (S =min(g -1,p))
X=X, X)) m l; S Ii =1 k
P Y, = lex 1
Fisher 1
[14]
Fisher
D
D 5 SPSS
51
n 1 m m<n
p
[5]
y=CX +CX, +...+C X 1 [15]
1
¢ G G [16] 15 17
4.2
42.1
P g | W_lgl 13 4 10 114
. | X.
T, 1 Ty | (Wilé )I 12 ( 0) 15 17
s ’ <0.002
I, (W'B)) S S=
min(g -1, p) mm
g=4 S=3 2 4 1
. 9
B, = Z(Xi = X)(X% — x)’ )
i=1
g — Table 2 The results of discriminant equation
_ 1 n; _ Zni Xi
X =—2_X%; X X= |:1g ! 2 3
n = S, 0.103 -0.144 -0.214
i=1 -0.387 1411 0.101
0.697 -1.653 -0.092
W = ;(n DS, _IZ}Z‘;(XU X )(Xu i) -0.186 1.724 0.983
- e J, vs <0.002 mm -0.044 -0.141 0.144
-3.020 -22.298 -3.532
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Table 3 The variance of discriminant equation and its
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422 1 1423 957 973 0.967
- 2 0327 22 99.5 0.497
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B= z n, (x X)(X - X) 3 0.075 0.5 100.0 0.264
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Table 4 The values of functions at group centroids
1 2 3
-4.558 0.292 0.372
-1.445 -0.428 -0.170
1.690 0.774 -0.184
5.676 -0.327 0.271
2 -
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1 F X 3 &2 —
| | % A 3 J—
n 1 A g4 —
- X
0rx o % A B
[a\] ]
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Fig.1 The figure of grouping using the first and second

discriminant functions

y, =0.103%, —0.387X, +0.697X, — 0.186X, —

0.044x, —3.020

y, = —0.144x, +1.411x, —1.653X, +1.724x, —

0.141x, —22.298

y, =-0.214x, +0.101x, — 0.092x, +0.983x, +

0.144x, —3.532

Fisher
3
2 97.3 %
97.3 %
3 5
3
4 5
4 3
—4.558
1.690
5.676

—1.445

1 1 2
3
5.2
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5
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Table 5 The results of self-test for discriminant analysis
1 2 3
1 -4.786 0.029 -0.341
2 -4527 1.048 2.057
3 -4.361 -0.199 -0.600
4 -1.738 -0.910 0.685
5 -2.433 -0.198 -1.122
6 -2.004 -0.781 1.512
7 -2.594 -1.599 0.006
8 -1.238 1.489 -0.800
9 -0.896 -0.066 -0.49
10% 0.789 -0.931 -0.983
11 0.760 0.401 0.141
12 0.480 1.414 -1.460
13 2.586 0.672 0.106
14 2.934 0.610 0.475
15 5.563 1.603 0.702
16 5.436 -1.522 -0.455
17 6.030 -1.061 0.566
*
5 17
94.1 % Fisher
10
16.93 %
48 % 55.4 % 32.7
53 % <0.002 mm
35%
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Table 6 The indices of basic physical ties f .
sic physical properties for Fisher
expansive soil
<0.002 mm
/% /% Jo S0
A 54 546 311 6.2 34 1
B 47 522 297 5.8 37
C 71 659 387 7.9 50
D 38 41.1 19.4 3.8 33
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