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Analysis of multi-dimensional geotechnical engineering problems based on
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Abstract: A nonparametric regression algorithm, called the multivariate adaptive regression splines (MARS), is
adopted to establish a simple and interpretable model to approximate the nonlinear interactions between inputs and
outputs. Based on well-documented case data, MARS 1is capable of producing explicit expressions using the
combination of simple linear spline functions, as well as obtaining the relative importance of input parameters. The
reliability and accuracy of MARS were validated via the geotechnical applications of pile drivability assessment and
stability evaluation of underground caverns. The coefficients of determination for the testing set in the two examples
are 0.921 and 0.986, respectively, indicating that MARS can effectively fit the correlation between input
parameters and target outputs. As for the parametric relative importance, the elasticity modulus of pile and quality
of surrounding rock are recognized as the two most influential factors. MARS method can accurately relate the target

responses to nonlinear and multivariate inputs; thus, it is useful in the practical engineering construction.

Key words: multivariate adaptive regression splines; basis function; driven pile; drivability; stability of

underground caverns; parametric relative importance
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Table 2 Variations of measuring indexes with B, number
— WA b B VA
PR R? ORuisk Oppmse” % PR R Opuisk Orrvise” %
32 0. 900 13. 111 6. 60 48 0.914 12. 205 6. 14
34 0.902 12. 995 6.54 50 0.913 12.231 6.16
36 0. 900 13. 140 6. 62 52 0.917 11.952 6.02
38 0. 900 13. 105 6. 60 54 0.918 11. 871 5.98
40 0. 900 13. 145 6. 62 56 0.921 11. 642 5. 86
42 0. 899 13. 167 6.63 58 0.920 11.738 5.91
44 0.901 13.082 6.59 60 0.919 11.821 5.95
46 0. 905 12. 813 6. 45

2 R WA RCRARE T 5 R BB R LA, S ZRAT R BT UG RO, AN W7 i 1 i 5
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Fig.1 Comparison between target and predicted o, for the training set and testing set
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Table 3 ANOVA decomposition of o, for the MARS model
HREUTS & TstD AR AR PR & TstD HHRAS B
1 0.020 0.113 xl 12 0. 005 0. 021 xl,x17
2 0. 026 0.074 x4 13 0. 022 0.092 x2 x4
3 0. 009 0. 058 x0 14 0. 005 0. 032 x6,x10
4 0.010 0.039 x7 15 0.012 0. 067 x6,x16
5 0. 005 0. 024 x10 16 0. 008 0. 053 x7,x16
6 0. 006 0. 028 xl1 17 0. 006 0. 035 x8 ,x16
7 0.025 0.137 x17 18 0. 004 0. 021 x10,x16
8 0. 005 0.018 xl ,43 19 0. 004 0.011 x11,x15
9 0. 004 0.014 xl,x7 20 0. 004 0.014 x11,x17
10 0. 004 0.011 xl,x15 21 0. 005 0. 029 x15,x16
11 0. 004 0.015 xl,x16 22 0. 004 0.018 x16,x17
TE o HFRERE
i AT MARS BB iy A S A JOXS & (520 100
HPPAH ARG A, B2 i TR 2 )
VEROSPHTEE B, G5 IR R, TE 0o MBS b 304 5 70|
R R B S0 LR W R D RIap R, RS B gg I
A 5 A R TE MARS BORHHIO AT TR S |
UL & o)
H4 0T MARS BURAY o, JEREC B, KL & 2
Piff)Feika0, MARS BRI . 0

y=5.1+0. 715B,, 0. 758 B, +0. 3B, +0. 461 B, -
0. 633B,5—0. 173B,,-0. 026 B,, +14. 13B  +
0. 04B,,-0. 46B,,,+0. 042B,,, +0. 173B,,,-
17. 14B,,,+0. 204B,,,+0. 12B,,,+0. 398 B, —
0. 463B,,,+0. 089 By, +2. 985B,,,-0. 045 B ., +

x4 x17 x1 x16 x6 x7

HNAE B

B2 oy MARS REVGANT SR EE S

Fig.2 Relative importance of input variables
in the MARS model of oy
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0. 208 B g +2. 1931y —0. 124B .3 =2. 773B,3, +5. 003B,,,-0. 191 B,,,-0. 04208 ., +
0. 666835 +0. 191B,3,=0. 208 B}, —0. 112B,,,-0. 235B,5,—1. 332, +1. 259B,,, -
4.882By,~1.295B,,,—0. 225B,,,-0. 142B,,,
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Table 4 Expressions of B, for the MARS model of o

Bp; =max (0, x17-0.6836)

By, =max (0, 0. 6836-x17)

By =max(0, 1.9988-x6)

By =max (0, x1-2.6878)

Bps =max (0, 2. 6878-x1)

B =max(0, x10+4. 6052)

Bi; =max(0, x11-2.1483)

Bpg =max (0, 2.1483-x11)

By =max (0, 7.229-x16) xmax(0, x8-1.3863)
Bpyo=max(0, 7.229-x16) xmax(0, 1.3863-28)
By =max(0, x6-1.998 8 ) xmax(0, x16-6.5144)
By, =max (0, x6-1.9988 ) xmax(0, 6.5144-x16)
B3 =Bp, xmax(0, x1-3.381)

By =B xmax(0, 3.381-x1)

Bps =max (0, x4-0.67294)

Bpg =max(0, 0.67294-x4)

By =Bpg xmax (0, x16-6.9731)

By =Bpexmax(0, 6.9731-x16)

B9 =Bpyxmax(0, x15-4.5109)

Bpyg =Bpyxmax(0, 4.5109-x15)

By, =max(0, x16-7.229) xmax(0, x15-3.7377)
By, =max (0, x16-7.229) xmax(0, 3.7377-x15)
By =Bpgxmax(0,x6-1.7544)

By =Bpgxmax(0, 1.7544-x6)
Bpps =max (0, 3.091-x7)

By =max (0, 7.229-x16) xmax(0, x6-1.763)
Bpy; =max (0, 7.229-x16) xmax (0, 1. 763-x6)
Bpyg =Bps xmax (0, x16-6. 966 )

By =By xmax(0, x16-7.245)

By =By xmax (0, 7.245-x16)

By =max(0, 7.229-x16) xmax (0, x1-3.381)
Bpy, =Bpgxmax (0, 3.9927-22)

Bz =max(0, 7.229-x16) xmax (0, x15-4.4427)
By, =max(0, 7.229-x16) xmax(0, 4.4427-x15)

Bpss =Bps xmax (0, 2.0794-x7)

Bpsg =B xmax(0, 2. 708 1-x15)
By =By xmax (0, x16-6.5677)
By =By xmax (0, 6.5677-x16)
Bpg =By xmax(0, x3+1.6983)

By =By xmax(0,-1. 698 3-x3)
By =Bpgxmax(0, x2-4.0622)
Bry =Bpgxmax (0, 4. 0622-22)
Bpyy =Bpgxmax (0, x2-3.7705)
By =By xmax(0, x11-3.3365)
Byys =By xmax (0, 3.3365-x11)
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JE B(HALIA m) A ARG x2, LA R R S 1 B H (B
9 m) VE R A S G 23, L) Flac3D 3PS b F i S48 R
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Table S ANOVA decomposition for

the MARS model of F
FRBUT 5 & Ostp FHSEAR
1 0.207 0.264 xl
2 0. 005 0. 045 2
3 0. 139 0.224 23
4 0. 005 0. 053 22, x3
3.0
2.5
2.0
=os
= 1.0
0.5 * L}II%»?&RZZI
o MASE R?=0.986
0

05 1.0
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S Fog
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Fig.3 Comparison between target and
predicted Fy



364 WK AR R ) a7

Tl 25 e kb Bk AR ol FH 2 e g W T A9 JEAS TLART ROST =, o L A B e Ao — D BB B R R =R
% MARS #iAI JEpR B L I e 4 RN ik, Wk 6,
MARS #ERIGNF .
y=0.5345+0. 12093B,,-0. 16298B,,-0. 093 147B,, 0. 129 9B, +0. 077 966 B, 0. 122 26 B, —
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100
o 80f .
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) m Table 6 Expressions of By, for the MARS model of F
S o, 40 F
& % SRk SRR
s
201 By =max(0, x1-2.3026) By =max(0, O—x1)
0 By, =max(0, 2.3026-x1) By =max(0, x3-2.708 1)
x1 x3 x2
- By =max(0, 3.4012-x3) By =max(0, 2. 708 1-x3)
ARG By =max(0, 22-2.7081) Bpo =By xmax(0, 22-2.3026)
B4 REZFEH MARS ERHGANTERANEEN Bps =max(0, 2.708 1-2) By, =B xmax (0, 2.3026-12)
Fig.4 Relative importance of input variables in By = Bys xmax(0, 1.6094-43) || By =Byy xmax(0, x2-2.3026)

the MARS model of F
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