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Tab. 1 Calculation parameters of masonry body and foundation material
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KA 2 400 3.5 0.167 0.7X10°5
Mz T K A 2 600 10.0 0. 200 0.7X107°
Wi+ 1 960 0.2 0. 300 0.7X1075
B 1 1 960 0.2 0. 300 0.7X1075
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Fig. 2 Typical section and the position of aqueduct pier
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Fig. 3 Characteristic temperature of Linzhou city from January 2012 to April 2018
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Tab. 2 Combination conditions of load effect quantity
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Fig. 4 Principal stress distribution of typical pier structure
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Fig. 5 Shear stress distribution of the highest aqueduct

pier under condition 2
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Fig. 6 Stress of aqueduct pier caused by annual
temperature change
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Fig. 7 Stress of aqueduct pier caused by diurnal

temperature variation
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Fig. 8 Stress of aqueduct pier caused by sudden temperature drop

T4 R AT 2 BRI 5 RS A 7K - 18] B e K
{64 332. 1 kPa, " [m i fy e KAE K 278. 1 kPa,

AR de AN S B fin 3 i BE AR P/ T AR Y
7o R AR A AL B 18] L J7 R 657. 7 kPa,
Bl B E N 563. 1 kPa. 8 K TR BT BE
BEE IR ATE DL S e AR 00 08 39 17 g A s 22
S5 A 2803 G PR I 4 R 5 TR A 28 A B N ARV B 5
BRI HE K- 1] B L g {HL TR E 2% — T
S HEAERE IR » AN R RS TR ™ HE S

KAl zAEHm o 995 -



F194& £ 58 BAE G AFFE(FIEID 2021 £ 10 A

WO 28 2 B8 7 S B
3.2 THHH

(DIKEFS . 00 1 RS RE R e (v B8 25
PRLE A o R B Ab . F KB 0. 78 mm, H BRAE
P [ RE SRR B Ab 5 IGURE ) 5 B8 328 0 A T A
VR St o JUGE AR o) 457 8 e ROAELOL T P RS0 XU, LA
N 0.39 mm, I 2 YA 25 AL B A A DL 9, U
AR 11 (v B 5 B B A PR A AL Bk
{8 4. 87 mm, HINAE Py WOREEL L F0FE 5 Ak, I
WIS B RAEN 0. 42 mm, B BELFE P FE BT KA.
T 3 A e 6 A B KA S BRAE Py RESEL_L BB A B

Ab, HAH O 487 mm. IR (A A7 A% B KN
0. 39 mm, HIAE P, FEECE M, 00 4 R
;B B AE P AL b A B b, LA
4. 87 mm, JIURE ) A 7 B KAE R 0. 39 mm, H ILTE
Py RS M, 00 5 AR AR 1) 47 B B R (E Y
BAE Py HE3EARE B 4L HAE R 4. 88 mm, JITUAE ]
P B RAE 0. 40 mm, 1 BLTE P, fE 0 X, T
{0 6 I FE AR 1) (57 B B KB M IAE Po A 1A
B4 HAE A 4. 87 mam. A ) {37 B8 B & AR A
BT RS W, S RME 0. 38 mm, i BLTE P
FE SR XU

9 TR 2EESEHLBSH

Fig. 9 Displacement distribution of aqueduct under condition 2
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Fig. 10 Settlement distribution of aqueduct structure under condition 6
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Structural safety assessment of Shuguang aqueduct pier of Red Flag Canal
GAN Lei' ,CHEN Guanyun' , MA Zekai' , ZENG Weihua®
(1. College of Water Conservancy and Hydropower Engineering , Hohai University , Nanjing 210098, China;
2. Xiamen Branch ,China Anneng Group , Xiamen 361000,China)
Abstract: To solve the problem of uneven distribution of water resources,numerous inter-basin water transfer projects have been
built in China,including a great number of large aqueducts. After decades of operation, the aqueduct structure is prone to aging
and damage, which has certain potential safety hazards. Shuguang aqueduct is one of the important buildings of the third main
channel of the Red Flag Canal. The aqueduct has a total length of 550. 0 m,a maximum height of 16.0 m,a bottom width of
5.4 m,and a top width of 3. 5 m. The aqueduct is a masonry aqueduct,and its main buildings include upstream approach canal,
aqueduct body,arch structure, main arch ring, pier and abutment,and downstream approach canal. After more than 50 years op-
eration, the on-site inspection found that the jointing materials between masonry were aged and weathered,and the upper struc-
ture of the upstream approach canal,aqueduct,and downstream approach canal or trough body,especially the mortar in the top

area, was seriously out of joint, which deserved attention.
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sults were compared with the predicted results of SVM and BP neural network model.

When predicting the local scour pit depth of bridge pier under ice sheet conditions,the input factors of the model are: flow
Froude number Fr,the ratio of water depth to pier diameter 2/D, the ratio of median particle size of bed sand to pier diameter
ds, /D, the ratio of ice cover roughness to channel bed roughness ni/nb. Output factor: scour pit depth DS, and the predicted re-
sults are compared with the test results. The correlation coefficient (), root mean square error (Srvse) » mean absolute percent-
age error (Swape) »and determination coefficient (R?) was used as the evaluation indexes of the prediction results. When predic-
ting the local scour pit depth of the bridge pier under the condition of open flow, the r of BP neural network model and SVM
model are 0. 89 and 0. 88,and dwape is 38. 8% and 31%4, respectively. The r and Suape of local scour pit depth of piers are 0. 83
and 0. 53 cm, respectively,and 61. 2% and 189 % , respectively, according to Chinese code formula and American code formula.
When predicting the scour pit depth under ice sheet conditions, the predicted r values are 0. 78 and 0. 73, and Swape values are
43% and 46 % , respectively.

By integrating the test data of pier local scour under the current ice sheet and open flow conditions, the depth of the pier lo-
cal scour pit was predicted by BP neural network model, SVM model, Chinese code, and American code. It is found that the
study of pier local scour under open flow is enlightening,and the relationship between pier local scour depth and water depth,
velocity,and pier diameter under open flow and ice cover is significant, there is a nonlinear relationship between the influence
factors. When the BP neural network model and SVM model were used to predict the local scour depth of bridge piers under
open flow, the accuracy is generally higher than the calculation results of Chinese code and American code. BP neural network
model and SVM model showed good performance in predicting the local scour pit depth of bridge piers under open flow and ice
capsand the prediction results have high accuracy, which can provide a certain reference for the safety design of bridges.

Key words: ice cover;local scour; pier; prediction; BP neural network;support vector machine
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Based on ABAQUS software and homogenization theory,a three-dimensional finite element calculation model of the aque-
duct was established to calculate the stress,deformation, and foundation settlement distribution of the whole structure of the aq-
ueduct under different working conditions. Furthermore, the influence of differential load and temperature load on the aqueduct
structure was presented, Finally, the structural safety of the aqueduct was comprehensively evaluated.

Under different load conditions, the maximum compressive stress of each pier of the Shuguang aqueduct was mainly distrib-
uted at the contact position between abutment and pier. The maximum tensile stress of each pier appeared at the bottom of the
abutment of the pier. The maximum compressive stress and tensile stress were 2. 90 MPa and 2. 29 MPa, respectively. The ten-
sile stress of the pier exceeded the tensile strength of the masonry cementitious material but only occurred in a small local area.
However, when the temperature dropped, the pier was greatly affected by tensile force,and the tensile stress in the middle of the
pier and the bottom of the pier exceeded the tensile strength of masonry cementitious material, which had a great influence on
the structure of the pier. Under the action of static load, the transverse displacement of the aqueduct was mainly located in the
middle of the aqueduct, the longitudinal displacement was mainly distributed at both ends of the aqueduct structure. The settle-
ment of the aqueduct was mainly located on the leeward side of the pier and abutment. The maximum settlement of pier founda-
tion and settlement difference of adjacent pier foundation under each working condition appeared in Condition 6, with the maxi-
mum settlement value of 1. 57 mm and the maximum settlement difference of 1. 07 mm. The settlement difference of the aque-
duct and adjacent pier was less than the allowable value of 100 mm and 50 mm, respectively, which can meet the requirements.
The differential load and temperature load on the aqueduct pier would cause horizontal tensile stress in the middle of the pier,
which caused longitudinal cracks. The sudden drop in air temperature induce surface temperature cracks in the aqueduct pier, but
it did not affect the deep part of the pier structure. Two suggestions were proposed, including strengthening deformation moni-
toring in the middle of the pier and repairing the surface cracks.

Through comprehensive analysis, it indicated that the structural safety of the aqueduct was recognized as Class B. The re-
search methods and achievements can provide a reference for structural stress and deformation analysis and safety evaluation of
similar aqueduct projects.

Key words: Shuguang aqueduct;crack; stress; settlement; safety assessment
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