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Tab.1 Contents of each particle size group
i 2H /mm /% R4/ mm Tt/ %
0~5 10 20~30 18.9
5~10 18.9 30~40 11.8
10~20 23.8 40~50 16. 6
100 =

- Y —— EERRIERE

18 sof . A e ABIIRER

& A - RIS

o 6o}

)

H

=40

|

ok

H 20}

0 )
1000 100 10 1 0.1
A2 RPRIZ/mm
B 1 R R A E
Fig. 1 Coarse-grained material grading curve
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Tab.2 Load value of experiment loading

O3 K f 01705 (6,—03) 5 k5

/kPa ¢ /Hz /kPa /kPa i {8 / kPa

200 1.0 1.0 1285 0.25 321 120,200,280
0.50 643 360,440
0.75 964

400 1.0 1.0 1 986 0.25 497 240,400,560
0.50 995 720,880
0.75 1491

600 1.0 1.0 2708 0.25 677 360,600,840,
0.50 1353 1 080.1 320

0.75 2031
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Fig. 2 Sinusoidal dynamic stress
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Fig.3 Comparison of coarse-granular material
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Fig. 4 Hysteresis curves under different confining pressure
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Tab.3 Hardin-Drnevich model calculated parameter

Rt S k k, n A max
R AR 0.25 95.3 779 0.724 0.09
0.50  201.3 2032 0. 461 0.12

0.75 252.9 2598 0. 409 0.23
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Tab.4 Gy, value under different experiment conditions

log o ,/Pa
S Gamx 5 o, %%
Fig. 5 Relationship of G ., and &,
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/kPa > G i/ MPa G g/ MPa /%
200 0.25 158. 22 147.71 6.64
400 305. 38 283.28 7.22
600 326.31 298.33 8.59
200 0.50 248.48 225.25 9.35
400 407.35 366. 49 10.03
600 468.92 421.23 10.17
200 0.75 328.26 288.18 12.21
400 432.11 378.79 12.34
600 794. 28 694. 44 12.57
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Tab. 5 Final axial strain value under different

experiment conditions

BRI 5 1 AR A A
c,/kPa S
Yo/ % Y/ %
200 0. 25 0. 547 0.768
0.50 1.496 2.307
0.75 2.014 2.609
400 0. 25 0. 924 1. 490
0. 50 1. 836 2. 660
0.75 5.519 6.232
600 0.25 1. 292 1. 929
0. 50 3.020 4.643
0.75 6.986 8.243
~ERE — S
Eaane - 26 o
, " e
20
18
1.6
5 10 [|‘5 20 25 30 0 5 10 11‘5 20 25 30 1'40 5 10 ’1’\ 20 25 30
52025 52050 52075
(@) 5.-200KkPa

[BevrvrTnts

0.8

0.6

04

0.2 12 - 4.0

0 5 10 15 20 25 30 05 10 15 20 25 30 $10 15 20 25 30
s s /s
5-0.25 5-0.50 5-0.75
(b) 6,~400kPa

22 85

2.0| 8.0 o

- e
oy 270
L4 24
<12 o

10 i

03 33

0.6 50

05 10 15 20 25 30 %5 10 15 20 25 30+ 5 1015 20 25 30
is s s
520,25 5-0.50 52075
(©) 0,=600kPa

Bo AEEETHREEXR

Fig. 6 Strain relation under different confining pressure
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Tab. 6 Parameters value of Hardin-Drnevich model under

B SRS IR by n ky A max
kLR 0.25 R 101.4 0.756 812 0.13
A 95.3  0.724 779  0.09
0. 50 g 197.5 0.459 2263 0.17
Wik 201.3 0.461 2032 0.12
0.75 WL 245.1 0.394 3043 0.26
Wik 252.9 0.409 2598 0.23
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Dam Deformation Prediction Model and Its Application Based on FCM-WOA-LSTM
CAO Meng-xi"", ZHENG Dong-jian™"
(a. College of Water Conservancy and Hydropower Engineering; b. State Key Laboratory of Hydrology-Water
Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China)

Abstract: With the continuous accumulation of dam deformation monitoring data and the continuous increase of de-
formation measuring points, it often takes a lot of time to predict all deformation measuring points, which is easy to cause
the problem of untimely feedback. Therefore, the fuzzy C-means clustering algorithm (FCM) was introduced to partition
the dam according to the similarity of deformation laws. The whale optimization algorithm (WOA) was used to optimize
the parameters of long short-term memory neural network (LSTM), and a dam deformation prediction model based on
FCM-WOA-LSTM was established. The measured deformation data of a concrete double-curvature arch dam was used as
sample data for prediction, and the prediction results were compared with those of LSTM model and SVM model. The
results show that the average absolute error (M), mean square error (M ys:) and root mean square error (R gys) of
the prediction results of FCM-WOA-LSTM model are the smallest among the three models, and the three evaluation in-
dexes of the fitting section are close to those of the prediction section, respectively. Compared with the existing models,
the FCM-WOA-LSTM model has higher prediction accuracy and better applicability.

Key words: dam deformation; partitions of measuring points; fuzzy C-means clustering; whale optimization algo-
rithm; long short-term memory network
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Experimental Study on Wetting Dynamic Characteristics of

Coarse Grained Materials in Earth Rockfill Dam
ZHANG Hong-yang'>, MA Cong',LIU Jian-long,SUN Ya-dong',
SONG Zi-yi' s DING Ze-lin"? sHAN Peng-ju’
(1. College of Water Conservancy,North China University of Water Resources and Electric Power, Zhengzhou 450046,
China;2. Collaborative Innovation Center of Water Resources Efficient Utilization and Protection Engineering
of Henan Province,Zhengzhou 450046 ,China, 3. Management Division of Jiangsu
Qinhuai River Hydraulic Engineering, Nanjing 210022, China)

Abstract: Conventional and wetting triaxial experiments were carried out on coarse grained materials for dam con-
struction with a large static and dynamic triaxial tester. The dynamic characteristics of coarse grained materials after wet-
ting deformation were studied. and the results were compared with those of conventional triaxial dynamic experiments.
The experimental results show that the dynamic characteristics of coarse grained materials are greatly affected by wetting
deformation, and the dynamic performance parameters of coarse grained materials are attenuated to a certain extent. The
Hardin-drnevich model parameters of the two experiments were compared and analyzed. It was found that wetting deformation
had a significant effect on £, and A,,,, » and the numerical values were attenuated, but the effects on n and &, were not significant.

Key words: coarse grained materials; wetting deformation; dynamic characteristic; Hardin-Drnevich model; dynamic

triaxial experiment





