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Fig. 1 Flow chart of aqueduct disease safety evaluation
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Tab.1 Evaluation index system and judgment standards of aqueduct diseases in northwest China
A ) TAEMER
— AR TR
B C D
TRBE BRI [ (SEBRoE S /Bt ) = 1.00 =0. 95~<C1. 00 =0. 85~<20. 95 <0. 85
Mk By MATRE S L/ % <5 5~20 =20
TRBE LA R AL I BRAGIRIE /PR3P 255 <20. 40 =0. 40~<20. 70 =0.70~1. 00 >1.00
PRI 2R RE 1, (SEBRIEEEE /BT ED >1.00 =0. 95~<1. 00 =0. 85~<20. 95 <0. 85
UG5 I5 /mm <0.10 0. 10~<20. 20 >0. 20~<20. 40 > 0. 40
FWBAR Bo BBV T /G5 ST <0.25 =0. 25~<20. 30 =0. 30~0. 60 > 0. 60
TREBE L RMREE I7/cm <1 1~5 =5
AR ok Ts GRCFE wivish AR/ T AR <0.25 =0. 25~<20. 30 =0. 30~0. 50 =0. 50
T WGP ASTE To (SCEe i/ SRiFsei) <<0. 20 =0. 20~<20. 50 0. 50~1. 00 > 1.00
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Tab. 2 Grade evaluation and grade threshold of aqueduct diseases
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Tab. 3 Evaluation index data of each aqueduct in Donger main canal
ety fibs
G I, I I I, I Is I; Is I I In Iz I
25 0.97 2 0.1 0.99  0.13  0.02 0.4 0.03  0.03 1EK B B®e BE AhRgz
1% 0.98 1 0.2 0.97 0.11  0.06 1.2 0.05  0.02 LY g w®g RBE A%t
5% 0. 90 3 0.3 0.97  0.20  0.10 2.0 0.07  0.10 ™ BB R AmIRES
65 0.8 20 0.9 0.85 0.40  0.50 7.0 0.30  0.30 W™ R OHIR ERENS
148 0.9 4 0.2 0.98  0.10  0.03 0.6 0.04 0,04 LS e B BB A%ET%
155  0.95 7 0.4 0. 96 0. 36 0. 20 4.0 0. 09 0. 05 (KR 25 BB AHRRTES
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Tab. 4 Standardization matrix of evaluation indexes for each aqueduct of Donger main canal

1 gtgbR 2 G A bR 2% 45 5% 65 145 155
I 0.076 9 0 0. 615 4 1..000 0 0.153 8 0.230 8
M*jf{t I, 0.052 6 0 0.105 3 1..000 0 0.157 9 0.315 8
I 0 0.125 0 0.250 0 1..000 0 0.125 0 0.375 0
L 0 0.142°9 0.142°9 1. 000 0 0.071 4 0.214 3
I; 0.100 0 0.033 3 0.3333 1..000 0 0.000 0 0. 866 7
%%Xmg%ﬁ Is 0 0.083 3 0.166 7 1..000 0 0.020 8 0.375 0
Ir 0 0.1212 0.242 4 1..000 0 0.030 3 0.5455
Is 0 0.074 1 0.148 1 1..000 0 0.037 0 0.222 2
LRSI Iy 0.035 7 0 0.285 7 1..000 0 0.071 4 0.107 1
By Lo 0.575 0 0.100 0 1..000 0 0.725 0 0 0.475 0

N In 0.250 0 0.403 8 0. 615 4 1.000 0 0.173 1 0
ﬁ}ﬁﬂ( L 0.089 3 0.160 7 0.821 4 1..000 0 0 0.1250
L 0 0.142°9 0.857 1 1.000 0 0.085 7 0.057 1
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Tab. 5 Projection pursuit model optimization results of various algorithms

Pefbas R IPSO-PP %] PSO-PP % DE-PP %7
¢l 0.384 3 0.264 0 0.395 9
c2 0.3550 0.3111 0.459 1
e 0.142 2 0.269 2 0.273 6
o 0.310 2 0.316 5 0.2755
e 0.384 4 0.2375 0.163 8
o 0.2239 0.237 2 0.136 5
ﬁfﬁﬁ’ 7 0.076 8 0.193 3 0.365 5
cs 0.275 2 0.145 4 0.258 7
co 0.386 1 0.514 1 0.275 4
c10 0.160 4 0.177 7 0.273 6
cn 0.009 3 0.041 6 0.095 3
cr 0.254 0 0.3236 0.177 2
1 0.301 5 0.295 7 0.210 7
TE VB BREUE QO 1.593 6 1.455 2 1.590 2

ERFEEER

Tab. 6 Projection values and disease grades

IPSO-PP #i7 PSO-PP {5 DE-PP 7
-
gﬁig P Zi ke BOBAE Zi ki BRAR Z; ki
A AR A AR A Y

25 0.217 7 1.808 5 B 0.220 3 1.870 5 B 0.277 8 1.795 9 B
4% 0.226 9 1.8151 B 0. 269 6 1.899 2 B 0.278 3 1.796 2 B
55 1.322 0 2.583 1 C 1.364 2 2.5255 C 1.341 2 2.604 1 C
6% 3.2191 3.507 0 C 3.2780 3.358 4 C 3.2859 3.578 3 C
14 % 0.227 3 1.815 4 B 0.2314 1.877 0 B 0. 265 0 1.786 0 B
155 1.0073 2.370 3 B 0.957 3 2.298 4 B 1. 0417 2.3853 B
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Fig. 2 Schematic diagram of evolutionary process of

three algorithm models
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Safety evaluation of aqueduct diseases based on IPSO-PP method
TIAN Jie' ,JIN Chunling' , GONG Li',LI Yan',ZHU Guiyong®
(1. School of Civil Engineering ,Lanzhou Jiaotong University ,Lanzhou 730070 ,China; 2. The Administration of the
Luanhe Diversion Project , Haihe River Conservancy Commission s Ministry of Water Resources ,Qianxi 064309, China)
Abstract ; To scientifically and reasonably evaluate the safety status of an aqueduct in the water diversion project operation period
in northwest China, it is of great significance to put forward an objective and reliable aqueduct disease safety evaluation system
and method by analyzing the influence of geology,complex environment, climate conditions and various adverse factors during
the operation period of an aqueduct.

On the basis of the existing aqueduct disease evaluation research, combined with the common disease problems of aqueducts
in the operation period, the evaluation index system of aqueduct disease is put forward in northwest China. Thirteen aqueduct
disease evaluation indexes are constructed from four aspects of material deterioration, apparent damage, structural deformation
and leakage,and the judgment standards of each index are given. The safety evaluation grade of aqueduct disease is divided into
four grades: A,B,C,and D. Grade A indicates that the structure has no defects that affect normal operation, and normal opera-
tion can be ensured by routine maintenance. Grade B indicates that the structure is slightly damaged and can reach normal opera-
tion after partial maintenance. Grade C indicates that the structure is seriously damaged,and the normal operation can only be
achieved after overhaul. Grade D indicates that the structure is seriously damaged and needs to be scrapped, rebuilt, or reduced
to standard. The projection pursuit model is used for safety evaluation, and the improved particle swarm optimization (IPSO)
algorithm is used to optimize the best projection direction of the projection pursuit (PP) model. The weight of each evaluation
index of aqueduct disease is calculated. Combined with the logistic curve function, the aqueduct disease safety evaluation model
based on IPSO-PP is constructed,and the evaluation grade of each aqueduct disease is identified.

The optimization model is used for empirical analysis by taking six typical aqueducts as the research objects. According to
the value of projection direction of each index, the sensitivity factors affecting aqueduct safety, such as deflection deformation of
aqueduct body, crack width,concrete strength,and concrete carbonation, are identified. The disease evaluation grade of aqueducts
No. 2,No. 4,No. 14 and No. 15 are grade B. The disease grade of No. 5 and No. 6 aqueduct are grade C,and the evaluation re-
sults are consistent with the actual situation, which shows that the method is scientific and reasonable. The results show that
IPSO is better than Particle Swarm Optimization Algorithm and Differential Evolution Algorithm,and it has strong optimization
ability and better solution accuracy,and the optimization algorithm is relatively stable.

Given the common diseases of aqueducts in the operation period of water diversion projects in northwest China,a complete
set of safety evaluation index system of aqueduct diseases is established from four aspects of aqueduct material deterioration,
apparent damage, structural deformation and water leakage,fully considering its complex geographical and climatic characteris-
tics. Referring to the evaluation methods and theories in other related fields, the IPSO-PP aqueduct safety evaluation model
based on an intelligent optimization algorithm is constructed. The established safety evaluation index system of aqueduct disease
in northwest China and IPSO-PP aqueduct safety evaluation model is introduced into an example to obtain the evaluation results
which are consistent with the actual situation of the project and the analysis and comparison model. It shows that the proposed
safety evaluation index system and evaluation method for an aqueduct in northwest China can ensure the reliability and objectivi-
ty of the evaluation results. It provides a reference for the safety evaluation of aqueduct diseases in northwest China.

Key words: projection pursuit;aqueduct;disease; index system;improved particle swarm optimization
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