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Abstract: Based on rhombus thought and extension theory
that matter element is of extension nature, research objects
and judging indexes as well as the index characteristic values
are considered as matter element. Matter-element model is
established in accordance with the relationships between
matter-elements, health diagnosis indexes system and the

criterion for evaluating indexes are also determined. Fusion
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index weight method based on Shannon entropy and
multiplication scale method is proposed. Then taking the
Shanghai Yangze River Tunnel, which is a long-distance shield
tunnel with the largest diameter in the world at present,as an
object, in light of the principle of unsymmetrical nearness
degree, the evaluation of the tunnel health conditions carries
out according to theories mentioned above and the processes of
the health diagnosing method based on extension theory are
presented. According to the results, it is demonstrated that the
health diagnosing method based on extension theory can he
adopted to evaluate health state of tunnel structure, and the
evaluating results is reasonable and reliable. As a new health
diagnosing method, it will provide scientific theory foundation
and valuable technology instruction for durable health state

and timely maintenance of tunnel.

Key words: tunnel engineering; health diagnosing; extension

theory; analytical hierarchy process(AHP) ; entropy weight
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Fig.1 The index system of tunnel health diagnosis
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Tab.2 Criteria of dimensionless indices with health grades
, _ TR S . _ TRERR S5 2]
AR bR AR bR
D C B A D C B A
RBLRE 0.75~1.00 0.50~0.75 0.25~0.50 0~0.25 3
) E’%ﬁﬂﬁ 5 0.44~1.00 0.33~0.44 0.17~0.33 0~0.17
= RURE 0.68~1.00 0.52~0.68 0.28~0.52 0~0.28 SRIEZLE
: B4 5 E 0.91~1.00 0.67~0.91 0.34~0.67 0~0.34
Dﬁiif 0.23~1.00 0.15~0.23 0.08~0.15 0~0.08 -
WRFRH S 0.69~1.00 0.46~0.69 0.23~0.46 0~0.23
ﬂ;{ﬁ’%ﬁgiﬁf 0.33~1.00 0.23~0.33 0.12~0.23 0~0.12 HIEHEAZ 0.80~1.00 0.70~0.80 0.40~0.70 0~0.40
T Pa N
IR BELE TR 0.67~1.00 0.58~0.67 0.33~0.58 0~0.33 FIVEIRE 0.85~1.00 0.70~0.85 0.38~0.70 0~0.38
YL 0.67~1.00 0.58~0.67 0.33~0.58 0~0.33 | #MIsREMMKHE  0.86~1.00 0.57~0.86 0.29~0.57 0~0.29
Wk & 0.43~1.00 0.29~0.43 0.14~0.29 0~0.14 | 4NBHWREHLE  0.93~1.00 0.75~0.93 0.38~0.75 0~0.38
RIS 0.43~1.00 0.29~0.43 0.14~0.29 0~0.14 {145 100 m?
T 0.93~1.00 0.80~0.93 0.53~0.80 0~0.53
Hgess Vi 0.73~1.00 0.67~0.73 0.40~0.67 0~0.40 Bl s
YPAERE 0.73~1.00 0.67~0.73 0.40~0.67 0~0.40 BUSIEHBEA 0.75~1.00 0.50~0.75 0.25~0.50 0~0.25
PR SEIBEALAFTE 0.80~1.00 0.63~0.80 0.40~0.63 0~0.40 Bk E 0.83~1.00 0.58~0.83 0.33~0.58 0~0.33
HREMRE AT 0.60~1.00 0.40~0.60 0.20~0.40 0~0.20 || pH{EFH:MmERE  0.75~1.00 0.50~0.75 0.25~0.50 0~0.25
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Tab.3 Results of health monitoring for Shanghai Yangtze
River Tunnel (by the time of September,2009)
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@A Ul Uik RARW N EAE 6
WWE  40.0 mm19.7 mm 0.97  0.47 2.0 0.0
B4~ 0.76  0.80 0.25 0.45 0.80  1.00
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Fig.2 Correlation function of index in detection hierarchy
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Tab.4 Combination weights of indices in

detection hierarchy

TR FWAE  FWAE  AAAE
FRTRE 0.580 0.498 0.539
2V 0.420 0.502 0.461
HETR 4 K 25 1.000 1.000 1.000
RS IS 25 s 1 B B 1.000 1.000 1.000
IR ) 4255 55 % 0.166 0.166 0.166
Y ) F 4% TE S 0.166 0.166 0.166
Wahls 0.166 0.166 0.166
(Aol 0.166 0.166 0.166
IRAEH T 0.166 0.166 0.166
YA 0.170 0.170 0.170
T 4% 38 3 Kb AR T 1.000 1.000 1.000
BRI B AR 1.000 1.000 1.000
BAR N ) 508 E 1.000 1.000 1.000
FLETEE 0.500 0.500 0.500
FABE L 0.500 0.500 0.500
ik HAR 0.500 0.500 0.500
FIFE R 0.500 0.500 0.500
Aol TSI 5 AR A1 L 1.000 1.000 1.000
R 175 A T 45 2 26 1.000 1.000 1.000
2 100 m2 B 55 0.333 0.333 0.333
B R 0.333 0.333 0.333
BlwKE 0.334 0.334 0.334
pH {E AP 25 1 1.000 1.000 1.000
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WA bR FUAE  FWNE AR
b3 0.120 0.141 0.130
KEHT 0.120 0.140 0.130
LER N 0.170 0.141 0.155
KA 0.170 0.145 0.158
443 i AR T AR I 0.120 0.145 0.133
I e AR T 0.170 0.142 0.156
Ly e 0.130 0.145 0.138
(CHaES 0.268 0. 250 0.259
B e 0.198 0. 250 0.224
W BRI 0.268 0. 250 0.259
A3 e 0.266 0.250 0.258
BIKCIRZS 0.500 0.500 0.500
Bk 0.500 0.500 0.500

1.2 ¢

10 |
@ 08 |
§ 06 |
Eﬁ 04 |
02 |

0 . . .

1 2 3
HizEdatr

B DERERERE = CAMEERS o BAERERS o AGMERS
B4 BirEIERIRE R

Fig.4 Correlation function of index in object hierarchy
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Tab.6 Combination weights of indices in
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