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Durability assessment of foamed mixture lightweight soil based on analytic
hierarchy process and fuzzy comprehensive evaluation ( AHP-FCE )
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(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering,
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Abstract: In order to improve the durability of foamed mixture lightweight soil ( FMLS), the analytic hierarchy
process ( AHP) and fuzzy comprehensive evaluation ( FCE) were combined to comprehensively evaluate the
durability of FMLS. Based on the physical and mechanical properties of FMLS, the influencing factors were
selected from the point of view of preliminary design, construction technology, and operation management, and the
grade classification of influencing factors was established. The comprehensive evaluation model of FMLS’ durability
was established based on the target layer, criterion layer, and index layer. The weight of the lower layer relative to
the upper layer was determined by the AHP, and the consistency check of the judgment matrix was conducted to
prove the rationality of the distribution of influencing factors’ weight. The membership function suitable for each
influencing factor was built to calculate the membership degree, and the specific method of fuzzy comprehensive
evaluation is presented. Using the lightweight soil subgrade in the charging island along the SO03 section of a

highway in Guangdong Province as an example, its durability was evaluated, demonstrating the practicality and

K EH. 2016 -07 -27

EEWA . EEKARPAEGHFRES (51609071 ) s LI H ARBI =54 7 4F HE 4 (BK20140848 ) 5 | 7R 44 38 il iz i JT BHE I H (FHE-
2015-02-013)

TEBE N WNFE(1984—) , B TLHFIN  FIBEE, 6+, 2N FE H AR50 SH05F5 . E-mail : liuxin100@ hhu. edu. cn



o541 X #,% T AHP-FCE J5 ki 0IR &5 0 it A vEEAY 333

reliability of AHP-FCE.

Key words: foamed mixture lightweight soil; durability of lightweight soil; analytic hierarchy process ( AHP) ;
fuzzy comprehensive evaluation (FCE) ; lightweight soil subgrade; subgrade in charging island of highway
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Table 1 Grade classification of influencing factors in initial design process
TEMEY WFEE/ (kg - m™) HURR B/ MPa U e L LR %/ (°) B A 0 15
i [500,1000) [3.5,0) (0,1) [1.5,0) (0,45 75
R [1000,1500) [2,3.5) [1,1.5) [1.3,1.5) (45,90] =853
— B [1500,2000) [0.5,2) [1.5,2) [1.2,1.3) (90,135] —
L [2000, ) [0,0.5) [2,0) (0,1.2) (135,180] =
x2 MITEZLEMNZMEFERRE
Table 2 Grade classification of influencing factors in construction technology process
W59 il & 1A PFEFE R W/ mm  FREREFEE/m RGN ] DESA ] B I 18]/ h it T-¥REE
i i i [170,180] [0.3,0.5] WIEERT 10min [8,0) %
R4 R4 [=8/48 (180,200] (0.5,0.7] HIEERT Smin [7.8) R4
i - — [160,170) (0.7,0.87 HJ BT H] [6,7) —
B B B (0,160) (0.8,0) KT HIEEN 8] [0,6) B

®3 EBTEEIENZMEFERRE

Table 3 Grade classification of influencing factors in operation management process

BT Feppt el /d iR HEK B LI %/ % A
7% [10,0) Toii#k 75 [0,1) e/
BL4F (8,10) Ui LA [1.3) M/
— % [7,8) LR — (3,10) LN
B 0,7) BLBR B (10, ) HI24 K
2 SHREARRIMAMEATHED R4 MHERAGEIMALEERD
Table 4 Evaluation model of durability of FMLS
2.1 BARFEHER&ESEITES BfRE MR T
EERWIRAHER LW AE EE K1, a8 TR W
4 PR ISR A 0 T 5 A VRS A5 PP AGBERL . 36T AHP i
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WVE = 1o, ,0,,05,0,1 = {IBF, RIF, —MH, B2 (5)

2.2 MABRRSWERENE

H T30 SRR A 2 AR e B, LAME DU 2 S0 481 o 00 20 B0 i T T 20 s A A B = A
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I R PR RS R R AR i T T S s AT B = 2 Al AR X A A T LR A R
PO A BN e AT TR IR A A 31535 DR A 1) e R M AR XS 7 (94 A o)
1 0.5 0.5 0.2 0.25 0.143

1 0.4 0.5 0.571

2 0.5 1 0.4 0.25 0.286
H—115 a
_—

Bl 0 —1k HATRA
A = B _>

[0.593 1.471 0.936]"
T3 SH T DRI ) B KRR AR A, FIA . W,

[0.198 0.490 0.312]" (6)

£ =3.05 W=(0.198 0.490 0.312) (7)

@ IR B A AR AE ) i 5 o—— AR ] 5 A JE R
T B A 73 R A5 B 7 S0 W A — AR g, 50
CI
Cy = R, (8)

X C——FWE ) ¢ ——— B, €, = (A, -n)/(n-1) ;R——FH—FH454R , n=1 ~9 X1
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4 1 4 112 8 7
16 1/5 1 1/5 1/73 2 1/4 72 1 4 2 4
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A = s 3 4 ! s g A, =|1/4 173 5 1 4 5 2 Ay =14 174 1 112 1
/s /5 3 174 1 3 1/5 173 172 2 1 4
3 18 173 18 1 2
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(9)

AT AR R Z BACEE W,(i=1,2,-,n) WITF: W, =(0.091 0.3 0.131 0.401 0.045
0.033) ,W,=(0.351 0.34 0.041 0.148 0.065 0.034 0.127),W,=(0.398 0.276 0.08 0.174
0.072), —EPEHMH C, 435179 0. 054 0. 08 0. 031, E/NF 0. 1, BLHAKUE AL & BE
2.3 RERHBHWE
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Table 5 Memberships of scores of linguistic

variables of qualitative factors

PP AR T IR (1 202 703 70 4 1) 4 PS5
FARrHIRIE LR 5 PR,

2.4 BEHIZETM

& rikjjj% A S eSO AN

) SKIE
T

143 2 4% 347 45
"7 0 0 0.33  0.67
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B2 0.67 0.33 0 0

ASF I P X PR B R AR S PPAN SRR SR B U AN 5 )
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3 T %8 32 %
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R ST TR A 20 T T K AR DA A R A5 3 451 PR R AR P R B G T
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1 0 0 0
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1 0 0 o 0.5 0.5 0 0 0 0.25 0.5 0.25
R, = ) 0 0 0 R,={0.5 0.5 0 0 R,=| 0 025 0.5 0.25
0 0.25 0.5 0.25 1 0 0 0
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0.5 0.5 0 0 0.67 0.33 0 0
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B, =W, -R, =(0.645 0.033 0.233 0.09)
B, =W, R, =(0.436 0.424 0.123 0.016) (14)
,=W, R, =(0.620 0.113 0.178 0.089)
AR BZESHITMAERE R=(B, B, B,)" W RSN RENT .
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R 5 SRR B SR S BELZE A PN S5 R B T R IR 845 b, =0. 535 FE MR A 58 0 i A 1
B APEM AR AR TSR G H 5 i AMEEM 45 R IR T .
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