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ABSTRACT

The accuracy of theoretical and empirical models for predicting the shear
strength of fiber-reinforced soils (FRS) is questionable because of the difficulty
of using these simplified models to describe the complex mechanism of soil-
fiber interaction. This study compiled a large database of available high quality
triaxial and direct shear tests on FRS documented in the literature from 1983 to
2015. The database includes information on the properties of sand, fibers, soil-
fiber interface, and stress parameters. Data mining technologies were
employed to identify factors influencing shear strength and to predict the peak
friction angle of FRS. The analysis techniques included (1) classification and
regression methods, €.g., linear REGression (REG) analysis, Classification And
Regression Tree (CART) analysis, a GENeralized LINear (GENLIN) Model, and
CHi-squared Automatic Interaction Detection (CHAID); (2) machine learners,
e.g., Artificial Neural Network (ANN) and Support Vector Machine/Regression
(SVM/SVR); and (3) meta ensemble models, e.g., Voting, Bagging, Stacking
and Tiering. The analytical results indicated that fiber content, fiber aspect
ratio, soil friction angle and stress parameter had the largest effects on FRS shear
strength. The optimal model obtained after further model training, cross-
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validation, and testing was the Tiering SVM-(SVR/SVR) method. The
correlation coefficient of the prediction values with the measured values in the
database was 0.89. The mean absolute percentage error was < 4%, root mean

square error was < 2°, and mean absolute error was < 2°.

The overall

improvement in performance measures was 13.12% ~ 79.50% with respect to

theoretical or empirical models.
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FIHIIVET 3OS (Bagging) P 2(b) - R
RS E HEI K FEErRIBE » F o6 & BT (homogeneous)
IS E Fi'ﬁ’%ﬁﬁqt[[@ (Breiman [46]) °
3. g

T {0 (Stacking) b %Fg-‘Jﬁ’EIfJE[':%ﬁ?E?EU (Wolpert
[47]) > Fio BT R Ryl LIS SRR 55 ﬁf’jﬁﬁfJF’%??EU"/
i (%‘ﬁt'[lﬁ' Yiei-n) (ERLETZ I}E‘g,lﬁu;iﬁ.ﬁ‘ M X P&
- (Yored) * v['ﬁ‘?ﬂ' 2(c) - o
4. ST HE — e

53 B — PR AR - (Tiering) FUR]ev8] 53 T Py Ty 53
o 51— R [y ’iﬁﬁ% (Chou and Tsai [48]) > £ [#5 8558 #7'
B (SVM) i *7}1@ Y2 T FIUR ) BB B
sl (T () 7% 53 sSPORTRRTH] (T80 : BRI 1 42
3 BE= kH)> %3@@“5’?7’?@%”%3@ Pj?ﬁ'ﬁ[ﬁ’?ﬁfﬁﬁ/
RS E SE  SE ] ﬁfﬁﬁi%‘ﬂ['ﬁ%' 2(d) Hra- e

FEPETE S B A YRR (T
i) (gl 5= TzY‘m"ilY“'“ C BIR: F ARG D
IS I A e L L L RE

3
T < Yoo <2T RPN 20 2T < Yoo WO 3 phIoasES
(@ %TE?JHH’%%J %ﬁzﬁﬂ WSS fﬁ}ﬂkﬁﬁ[l@i"ﬁi B
@Fi'ﬁ??ﬁﬂ;@ T o
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FRE Ak T T2

BREERY, E Y pa

act

RAFE BB m —pem b A

/

A1
AR A

Jouw + Yo
k

Ak Y )

(D
BAE

(d) 53 K1 — S e Ak

B2 s R &3

B+N\%E F=H (BRE—ORH)

Fo1 VI B D A T TR AT

| BEaDL

28 3 4 5K

1 250 21 0 0

2 50 275 250 118
?j*' 3 _ 4 50 164
I _ _ 0 18

5 _ — — 0

A 300

32 XEREE

m?ﬁ@ﬂﬁ@ﬁﬁﬁﬁ%ﬁ’$%fmﬁwvﬁﬁ
¥ (k-fold cross validation) » FF {f & 50 ffij py S v e
(accuracy) @ ﬁfg@ (reliability) [ 3% E’gﬁ%ﬁﬁlﬁ?ﬁﬂ%%
Fo TR GR R R P00 kG DR SRR B
TR EL T (ke 1) A o= 54 Wi (EF05 (training) Bk > %]
BRIV B ELR (test) £24 - I HERGGE S~ R K
RS E"Eﬁ?ﬁﬁﬁﬁﬁ@ﬁﬁlﬁyﬁ%ﬁ o Kohavi [49] &
LK (I 10 [ 0 S TETHTRR > B B T R
FE A IR - 8 79253 B0 o g o L v
B o P R 0 S

3.3 tRAVTRBIBER G305

H Y ERPUEH A RS E o B
BRI R RIe » R ) R -
T8 FEE F (MAPE) » 59745 (RMSE) M 7744
FEFREE (MAE)-H il R“%’ﬁ’J%’rF‘xjé‘/,ﬁlEﬁ[gj/ FiRhe
BYBITHC 1 (S ASEE S S BF) 5 A4 MAPE » RMSE
MAE [Eg & Pl SRR GF) GE - P9
o W SRR T SR TS T e
A EH B PRSI SR SD > SR T
g e
1. fHRY {78 (correlation coefficient, R)

WAL 5 45 R >
AR —15 1 VR g

nZYi X B _ZYi XZ P
i=1 izl =1
\/nXZYiZ -Qw)? X\/nxz pr - )’
i=1 i=1 i=1 i=1

R=

(13)

PR R ERI 0 A B R> 0 R

= RYBIT-H : R<OF] - PyBgerts fuf -

2. IS 5 (mean absolute percentage error,
MAPE)

TR IRRRE oL I R
V2 BT HIE - # MAPE [T R - 4 TR
R o - 45 MAPE /47 10% » 5 FL7 Bpity fy e -

1 n

MAPE = -3
niz

pi_yi‘ (14)
y

3. WHREEZE (root mean square error, RMSE)
PRI [URERTE Y - > PSRRI OR



BiE - BEE - MiEs
n oy
RMSE = M+y'] (15)
4, T 1585 (mean absolute error, MAE)

1% ﬁ—iﬁ AL T8 S5 Y R 0 TR BT S0 5 B > [
RO R (IR poET AR o

1
MAE:EZLJQ—MI (16)

5. ELS @i’ﬁfgr (synthesis index, SI)

Lyt & RS0 -IF['EE.IFI}S‘) EN NN |
=] c.|% CIE A rnﬁf’fgr’SI {1 Fl TR0 ~ 1R
0 FOASTHRR B At et i PRt - FHET ST
R|‘E’r 5 (1-R) 0 P R 7 T T4

m( pP_pP. .
SI = 12( | min, i j (17)
m i=1 Pmax,i - Pmin,i

pizmmjw@w;
j’y‘ﬂj&y J _IE[‘,]?!‘I ’ maxl VS‘I
R (dh PV FE R -

Fo L ik (13 Proin %587 1T AR
FETEIRAR AT i [ m

F X R RTA R

GOV 1983 ~ 2015 F Rl sy 4 SATRE Y R
B = gl 0 B g BRER R R [ T - BRErRIp o
(Y RRENEE R 63.3% fOY A2 BRI RE g4 Y

9225 %y (Gray and Ohashi [1], Hejazi and Sheikhzadeh et al.

[2], Yetimoglu and Salbas [5], Maher and Gray [7],
Michalowski and Zhao [8], Ranjan and Vasan et al. [11], Shao
and Cetin et al. [12], Ibraim and Fourmont [13], Sivakumar
Babu and Vasudevan et al. [15], Gray and Al-Refeai [19],
Consoli and Montardo et al. [20], Zornberg [21], Nataraj and
McManis [50], Loehr and Romero et al. [51], Li and Zornberg
[52], Freitag [53], Consoli and Festugato et al. [54], Consoli

and Casagrande et al. [55], Consoli and Casagrande et al. [56]) ;

20% Lo 5 LR AE D S 4 B P s B o S L S0
(Mabher and Gray [7], Santoni and Tingle et al. [14], Najjar and
Sadek et al. [23], Consoli and Vendruscolo et al. [57], Ranjan
and Vasan et al. [58], Sadek and Najjar et al. [59]) ; F £5=57 ||
LR A S S R R (133%)
(Chauhan and Mittal et al. [4], Ahmad and Bateni et al. [16],
Consoli and Prietto et al. [60], Kaniraj and Havanagi [61]) I}
WA 4 T S IR (3.3%) (Santoni and
Tingle et al. [14]) °

LR (NTHRS }%ﬁ’]‘g‘ﬂ?f%ﬁ R T ﬁ ENY TE'E}%J’E”
# o PIHOE pafiod #ile s RS o b TR @ }Ii]"" 58
ERIBEE T 0 I B J["“fH VRV EEA

41 NS IEs HaER B ERTF
Ibrian and Fourmont [13] Fhuy 2 sai s+ sy

S RIS B S VRS 4 B qﬁsnzéfgiﬁgbﬂ EE ]
MRV - R - R £ ] - Consoli and Prietto

: FERERRE R R CUR L S R B TR B RN S LR 2 BT R E R 211

etal. [60] /M| = {EtEREK Fi e - I‘?“ibﬂfﬁhﬁ”?ﬁﬁ 15
i HEPORENT AL I P S
1"5*%@ P~ FEL o Yetimoglu and Salbas [5] FRE PR

%m%éMWWW%ﬂﬁw ERENT E 2
E\l J F ~ ¥ 4 1 3 o Sivakumar Babu and Vasudevan et
auw]m%%%wmLjWFm’%E%%ﬁ@‘E@~
 ETUNEE TN R T IS LT
SRS S Wk PR -

A ﬁlﬁ{rﬁiwﬁ (Yetimoglu and Salbas [5], Maher and
Gray [7], Michalowski and Zhao [8], Michalowski and Cermak
[9], Shao and Cetin et al. [12], Ibraim and Fourmont [13],
Sivakumar Babu and Vasudevan et al. [15], Ahmad and Bateni
et al. [16], Al-Refeai [18], Gray and Al-Refeai [19], Consoli
and Montardo et al. [20], Nataraj and McManis [50], Li and
Zornberg [52], Consoli and Festugato et al. [54], Consoli and
Casagrande et al. [56], Sadek and Najjar et al. [59], Consoli
and Prietto et al. [60], Al-Refeai [62], Chen [63], Gregory [64])
WY BN P RB RO E R ] b £
HRPpEE ST (3 BRAEE - ST HE - ISR [T Dy ~ iz
(ET v~ W] §) AR PR I BT R
Lo E12 Dy B AR X FTELAE W MEET G -
4 HGESE T TR (PS5 ”E THE Cig) ~ M
TR (BES o3 85 1) on) © 2 R BES BRI &
P TR .

I

42 MRIEHBIE

FAG & 1983 ~ 2015 F A&y 4 1 2 @i T g
Gl SRR W %Qw T4 R (4 B TR
JIEREE Dso ~ SZE T ET ya  BEHRE] )~ SRER R (BaE
FERE - R L~ B Dy~ @515:,;' Xf‘gli SENW - R E
El Gsp) 7 BRERE /1 12 (/1 B e ) 8758 /i 1B Cig)
Pl (BES o ﬁﬁﬁ%‘ll On) F"?ﬂﬁlq FvsR
B M HIERDY SR (£ 3)
DR FR ER Y & %l“i ’ uE%us«%%‘“?%eqé"{@P:‘ i GINEE
o 5 THSLE A e -

FRR S RTF TR B (R 2 -
ST~ HTRH Y RTY SRE U RO R B o T
‘EV%&;'\EI%JQ,;«;%:CQ%%?;}*:[ (i/[lq%ﬁl 3 BraL) s BT }gﬂ—n%l IEl

VRS R 1S §RRE () — TR F T
B g J—ﬁé\ﬁqgﬂl) Koyt s 2 e Tt
TR BV SR R o 2R TRBGAERR o e R
B RA ORI « 4 TR B
9k Y AL 1) B

Lo AR = iRl )y — T E pSEE T S B
BRI
WER- ] e IR RN o3 B
Sl /QIEIT ) BN T EYIE T Oy may
HEES D o3F oq maxﬁ@E*lE‘/’%’ EEE (PO
= P"uLﬁmiiHa Tl Ol et i

g%“[j[‘ tan o ?@QE ar #@ﬁ\{b@}g}EJ
6= Sin'l(tan o) ?3\('%:;5?‘"}} c=alcos ¢ > H[| Tl
$1§s;|é J[pr4 ﬁﬁj J5EUH %gr]?{[ o
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FETAKFITRRET F2-+N\%

£=H RE—-OZ%)

2 RRET S ERB Y
g 1) P ] PR | )
AEETE K Polyprop/ployster/polyamide/steel/glass/coir/palm
AEHER A Ly (mm) 51 6
S (e FET [ Dy (mm) 1.25 0.01
(e BAL S B X (%) 5.53 0.17
FIE 2B W (%) 6.55 0.10
REAEFET Gog 7.85 0.58
R P2 SP/SW
QEJ TR () il Fine sand/medium sand/medium dune/medium mortar/coarse sand
+ e T i5 % Dso (mm) 1.45 0.09
oL 74 B E yo (N/m?) 18.39 13.00
4 B ¢ (0) 43.0 26.4
3 ) ¢ (kPa) 6.9 0
e NI EriEe g 5 (° 40 16
-+ BRESE T T Ii i ,J, - O
AR Ciy 1.33 0.37
e BB/ T[] o3 or o (kPa) 600 20
Vg (FUedn) | g1 sn B Er | EREE S BT rrs (0) 67.4 317
F3 EREITE A BEYR
4 B
P il et e | A
s gy - BRE 4 RGESE T TR Bl |w
gl
Y ..
g m| BE | L D X W, G 4 | 4 | Dy Ya e |osoron ¢ or
S | m | om0 | on | o | oE | e | |G| e |
Shao et al. 02~ | 0.1~ ] 50~ | 29.8~
[12] 15 | Nylon 12 0.1 175 0.9 0.91 SP  |Fine Sand| 0.31 175 0.55 250 | 371
Li and .
02~ | 018~ | 0.1~ Medium 1554~ | 053~ | 60~ |31.6~
Zofg‘lz’frg 240 PP 125500 5 0.70 0.4 0.91 SP Sand 0.7 15.91 0.56 210 | 484
/Ahmad et al| 025~ | 025~ Medium 108~ | 50~ | 305~
[16] 18| Palm |15~45| 04 050 050 1.46 SP Sand 0.68 14.50 133 250 | 378
Fine/
Sadek et al. 05~ | 04~ ) 039~ | 1611~ | 047~ | 100~ | 30.5~
[59] 18| Nylon | 7~27 1 0.18 1.5 12 13 SP | Medium |5 16.18 0.55 200 | 434
Sand
Consoli 0.02 ~ . 100 ~ | 37.0 ~
etal. [57] 14 PP [12~50| "0 0.82 0.50 0.91 SP  |Fine Sand| 0.09 14.69 0.80 400 | 78
Sivakumar
. 134~ | 05~ . 100~ | 43.4~
Bab[l;se]t al.| 8 | Coir 15 0.25 5ol s 1.08 SP  |Fine Sand| 0.43 14.38 0.9 150 | 563
Consoli et . 100~ | 26.4 ~
al. [56] 12| PP | 6~24| 0.02 0.85 0.51 0.91 SP  |Fine Sand| 0.16 15.08 0.81 200 | 370
Chen 0.67 ~ ] 14.95 ~ 140 ~ | 29.7 ~
[63] 12| Pp 51 0.75 073 0.40 0.91 SP  |Fine Sand| 0.18 1625 0.82 415 415
Ibraim and
0.44 ~ | 0.30 ~ . 13.00~ | 079~ | 55~ | 309~
Fm[l;r}n]ont 33 PP 35 0.1 1.44 1.00 0.91 SP Fine Sand| 0.32 14.45 031 508 402
Gregory 03~ | 0.17~ . 69~ | 332~
(6] 15| PP 50 0.24 359 507 0.91 SP  |Fine Sand| 0.25 15.53 0.50 276 is
Consoli PE/PP/ 0.01~ | 030~ 0.91 ~ ) 050~ | 60~ | 363~
etal. 20] | | Glass | ©73¢ | 018 | 087 | ®°1 | 262 SP |Fine Sand) ~ 0.16 153 0.82 100 | 49.8
Michalowskil Fine/
w0 Nylon/ 05~ | 038~ | 1.28~ 022~ | 1566~ | 037~ | 50~ | 381~
and Cermdk| 24| " o | 254 0.3 2 240 | 7.85 SP Coarse | "4 g9 1645 | 0.64 600 | 45.6
[9] Sand
Yetimoglu
0.18~ | 0.1~ . 103~ | 40.4 ~
and [s;lbas 15 | Nylon 20 0.05 0.89 05 0.93 SP  |Fine Sand| 0.30 16.3 0.55 31 43
Al-Refeai 0.39 ~ . 50~ | 38.0~
[62] 8 PP |25~51| " 0.38 0.20 0.90 SP  |Fine Sand| 0.30 16.57 0.80 200 | 488
Consoli Medium 20 ~ 35.0 ~
etal. [60] 6 | Glass | 12.8 0.5 0.2 0.3 2.62 SW Sand 0.5 17.5 0.52 100 | 160
Nataraj and
McManis | 4 | PP 25 04 | %17~ 01 0.91 SP |FineSand| 017 | 152 | o052 | 342 |33
[50] 0.51 0.3 38.8
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43 RS TR GH)

4 1w
ot o iy - L ) | AERE
P o Bl EaRl ¥~ &:Er B |
e £
<5 %‘ *‘l ﬂ‘g‘aké Lf Df Xf VVf G ; j E :’ ﬁ Dso Yd c O3 Or Op j: or
gr| | | |00 | (%) S| s | ) | G || kP |
Michalowski
Nylon/ 0.3~ 0.5~ 040~ | 1.28~ Coarse 0.39 ~ 50~ | 365~
and[g]ha" 41 Seel | 2% | 064 | 125 | 655 | 785 SP Sand | 089 | 13661 6o | so0 | 3738
AlRefeai | o oo e o 03~ | 03~ 05 09~ | ¢pisw Miid“ii/m 0.8~ | 1583~ | 043~ | 00 | 365~
[18] 0.4 0.91 : 2.68 Samd 0.78 16.07 0.52 58.6
Mabher and i
045~ | 0.74 ~ Medium | 041~ | 16.05~ | 052~ | 50~ | 303~
G[;a]y 30| Glass | 18~371 03 343 | 597 27 SP Sand 0.60 18.39 0.66 300 | 67.4
Gray and .
. Reed/ 03~ | 03~ | 021~ | 058~ Medium 0.56 ~ 333 ~
Al'ﬁgl]ceal 261 Glass | B38| 125 5.53 6.00 2.7 SP Sand 0.41 16.05 0.85 20001 "5 4

Note: PP: Polypropylene; PE: Polyester.

i 4 A
Mk RR testing program are commercially available polypropylene fibers
with | 5 of 25 and 50 mm.

Test Series 1 was designed to quantify the effect of the fiber
aspect ratio and fiber content on the shear strength behavior of fiber-
reinforced soil. The selected fibers had linear densities of 360 and
1.000 denier (where a denier is defined as the mass in grams per
9.000 m of fiber) and fiber Iengths of 25 and 50 mm. The specimens
were prepared two different gravimetric fiber contents (0.2 and
0.4%). Both fib ed and regular tape fibers were used. The triaxial
specimens had a diameter of 71 mm and a height of 142 mm, and
were tested using confining pressures of 35, 70, and 140 kPa. The
lL\I\ were conducted under consolidated drained (CD) conditions.
ies 2 was designed primarily to compare the behavior of
fiber-reinforced soil compacted 1o two different soil densities (rel-
ative densities of 48 and 65%). Speci y. specimens of Soil 2
were prepared using two relative densities and placed at gravimetric
fiber contents of 0.1, 0.2, 0.3, and 0.4%. The reinforcements were
50-mm-long, 3.620-denier fibrillated fibers. Large-scale specimens
with a dia rof 152 mm and aheight of 304 mm were used in this
test series. The specimens wel ted under dry condition using

A (%)
0.1%,0.2% etc

confining pressures of 60, 115, and 210 kPa. with air allowed to
flow freely in and out of the specimen (i.c.. volume changes were

allowed). {}

MESREEER | MRAE B(om) | BEESSF (| R (EKP)

Polypropy 25 0.1 5

Polypropy 25 02 &0

Polypropy 25 03 60

Polypropy 25 A4 60

VA

Polypropy 50 Vo4 15 )
Polypropy 50 0.1 210 7777}
Polypropy 50 0.2 210 R ﬂ’
Polypropy 50 0.3 210 R
Polyptopy £ 04 210 )

13 VRV erR R AU
(ﬁ%ﬁ |¥ HIET Liand ZOj-ﬁ)erg [ﬁjz])

AT AT
GI-REED [[)]  BRERIAS
e —— LA 3 - AR AL sy
FIHURESE 15% TR R FE 71 LA s
ssets (1Y rammmmeaT
G- SRR

14 FI Y RRERER BT A T e A

2. FHRIE g R r?}fj'ﬁ—@ﬁ'ﬁj E FIERE s
4 R
- L FR]g ) — A [l A ) o N ETE
el LOET) 36 Tia >
3/%5]’7\ [l onE® Tmax I’E’»ﬁ"‘\gﬁﬂwﬁ@f% I'ﬁﬁ%‘ﬂ?
IR R R B e b gLV R tan ¢
ﬁ?@w{c,ﬂ[ 6B i 4 ] B
fd o
HidsE s 4 8 2 U= (soil hardening) [
o r%[bﬁ-][‘;&r%@fa' ppyEA ’IPEﬁ% TRl 2 P R Y
B (B0 (T RV o FF) I?W I f#~ ASTM gt
ﬁﬂﬁ@% » Ve 15% ?TFEJ/FEJ [ ?;’Ei%ﬁﬁﬁ |
NEEL

& &
%‘9&‘?!?

AL R PR A AT 20 RREI VR
(3 3) £ 316 I (TP It 4 prpE |

BT 4 S R Tl T S 189
o VR« T TR VS 16 3T B B
SF 300 ATEEYR] (B A b © BRESTIBLE G - HR
OB FRR -

A~ EEFEAIR R AT

7-l> EENE B cilak i R R ek SR TP e g
-Fu SRR S AR ) 2 AR “éf';ﬂ: a3y FEH
WA FRBYANR 2 B R D 300 AT SR
EYRIAE (7 5T Pre 372 BEE H|I @B | Michalowski and Cermak%I
o (Bq. 1) FTHRERIAS EERER [ F ne(=Le/ Dy)
SRR ¢~ EREESE T DUER Y] S ISR Xee
ST BERE ] Zomberg 4 RS (Eq. 2) HEIPUMS &
B REEGER [ e 4 R ¢ 0 EEERE N
BFET G~ B 5 Bl Xeo W Zornberg 7t FU ISR (R EE o
=055 1.0 53l FO RSP - S50 B B Hepufap

.

o
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%’Ti} i fukrl - Michalowski and Cermak ¥ Zornberg ** =' (3 &f 51 F—EHEEERL R

SEFASALE 7 [ U5 A > SR R 8 S 1

T ()R > 400 kPa) SAUBTEER (wier 1 ATTIRE

[P > 200) » FpE o 4 SERTRIRN RS R ] FRS /e usl i (Baseline) f5LE & 4 ANN,
A E A Rl Y U BRI Y & R I AR SR CART, CHAID, GENLIN, REG, SVR - [l187~ B8 4 ~ g
Bl o 1= 0 F) 85 AT 1 AT FEREEE AT BEAD R BB SVR SSIBIASH RV BT E R (B 0.9
Al R 215 AR EOR) 7 ST o Rl RS BRSO 5 (1 %% 2 1) - MAPE 5.61% (3 4) » i (i B4l Lot
f& E'Jﬂﬁ%‘iﬂ“?{ﬁﬁ?@iﬁi (A8 G AR R i -

R R AERE S S BT s 2 P e REs o )T

3 ] BT B PO o

Fod BAEEHS e S (U~ BRI Y B -

R RMSE (°) | MAE (9 MAPE (%)
g wa gt - e [ ] g (| g |24 [l anRANK o] Stan [RANK

g3 BEE
Baseline SVR 090 [ 0.75 | 3.44 | 0.76 | 1.90 0.59 5.61 0.70 0.84 8 0.58 18
Voting CART+GENLIN+SVR 092 [ 0.88 | 291 | 0.50 | 1.85 0.56 5.01 0.55 0.62 5 0.43 10
Bagging SVR 094 | 1.00 | 2.46 | 0.27 | 1.38 0.22 4.09 0.32 0.28 3 0.20 4
Stacking CART 0.90 | 0.73 | 2.54 | 0.31 | 2.05 0.70 5.56 0.69 0.74 7 0.49 15
Tiering(2) SVM-(SVRISVR) 089 | 068 | 198|003 | 207 | - | 327 | 012 | 022 1 012 | 1
Tiering(3) SVM-(REG/CART/GENLIN) 0.89 | 0.66 | 3.00 | 0.54 | 1.91 0.60 4.40 0.40 0.71 6 0.47 13
Tiering(4) SVM-(*/SVR/ SVR/*) 0.89 | 0.69 | 1.98 | 0.03 | 1.41 0.24 3.27 0.12 0.30 4 0.18 3
Tiering(5)| SVM-(*/REG/CAHAID/GENLIN/*)| 0.86 | 0.52 | 1.92 - 1.17 0.07 2.79 - 0.28 2 0.14 2

51 peE
Baseline ANN 0.89 | 0.71 | 3.56 | 0.82 | 2.47 0.99 6.58 0.94 0.73 7 0.76 21
Voting ANN+GENLIN+SVR 091 | 0.81 | 3.18 [ 0.63 | 2.10 | 0.73 5.65 0.71 0.49 5 0.57 17
Bagging CHAID 0.85 | 043 | 3.80 | 0.94 | 2.45 0.98 6.82 1.00 | 0.87 8 0.87 24
Stacking REG 091 [ 0.82 | 3.02 | 0.55| 1.92 0.60 5.15 0.58 0.38 4 0.48 14
Tiering(2) SVM-(CART/CHAID) 0.86 | 0.50 | 2.28 | 0.18 | 1.27 0.14 3.88 0.27 0.13 1 0.27 7
Tiering(3) SVM-(REG/CART/GENLIN) 0.85 | 0.44 | 3.43 | 0.76 | 2.25 0.84 5.14 0.58 0.63 6 0.69 19
Tiering(4) SVM-(*/CART/SVM/*) 0.83 | 0.34 | 246 | 0.27 | 1.31 0.17 3.96 0.29 0.22 2 0.35 8
Tiering(5)] SVM-(*/CART/CHAID/SVR/*) 0.77 - 228 | 0.18 | 1.49 | 0.30 3.47 0.17 0.30 3 0.41 9

5= e
Baseline ANN 0.89 | 0.71 | 3.57 | 0.83 | 2.48 1.00 6.60 0.94 0.75 7 0.77 22
Voting ANN+CART+SVR 092 [ 0.84 | 3.20 | 0.64 | 2.05 0.70 5.46 0.66 0.48 5 0.54 16
Bagging CART 0.86 | 0.49 | 391 | 1.00 | 2.24 0.83 6.50 0.92 0.81 8 0.81 23
Stacking GENLIN 092 | 0.88 [ 2.94 | 0.51 | 1.88 0.57 5.07 0.56 0.36 3 0.44 11
Tiering(2) SVM-(CART/CHAID) 0.86 | 0.53 | 224 | 0.16 | 123 | 0.12 | 3.83 | 026 | 0.14 2 025 | 6
Tiering(3) SVM-(REG/CART/GENLIN) 0.85 | 046 | 3.45 | 0.77 | 2.26 0.85 5.18 0.59 0.65 6 0.69 20
Tiering(4) SVM-(*/CART/CHAID/*) 0.87 | 0.57 | 2.18 | 0.13 | 1.19 0.09 3.65 0.21 0.09 1 0.21 5
Tiering(5)| SVM-(*/CART/CHAID/CART/*) | 0.78 | 0.03 | 2.39 | 0.24 | 1.62 0.39 3.73 0.23 0.37 4 0.46 12

b RN NG ]
B :Amﬁj?’{f‘ﬁ%’ » RANKan "Q,?Z@E

SRFE ] S < SRRV 5 Slowu THEERE
IR PRE -

i ;’?ﬁ@' 3 RANK Group S0 HEREEET) 5 SLan ‘%.Q,_%Z



BT - 1HEE - MR

2. st A A

T #HE (Voting) f[1 » CART + GENLIN + SVR [iUi8
& FFEE 0 R (B4 0.92 E MAPE [# 5.01% 5 5T HIFR R
T IR (Bagging) 1 SVR B & TyRE i =
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