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Research on Prediction Methods of Shear Strength of Rolled Clay
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Abstract: The shear strength of rolled clay directly affects the quality and service life of roller compacted
earth-rock dams. In order to obtain the optimal prediction model for the shear strength of rolled clay, we
used particle swarm optimization to optimize the extreme learning machine model (PSO-ELM), which is
based on the three activation functions of Sine function, radbas function and hardlim function to construct
PSO-ELM,,, PSO-ELM,,, and PSO-ELM,,.,. We compared the accuracy with ELM model, generalized
regression neural network model (GRNN), random forest model (RF) and BP neural network model. The
results show that: in the fitting results of cohesion and internal friction angle, the PSO-ELMj, model has the
highest accuracy, and the slopes of the fitting equations are 1.005 and 1.032, respectively, which are closer to
the standard value ‘175 in the monthly simulation, the PSO-ELM,, model has the relative error of between
6.0% and 9.3%; RMSE., RRMSE and MAE of the PSO-ELM,, model in the conhesion simulation of the
PSO-ELM,, model, the RMSE, RRMSE., MAE, E,. and R? are 0.776 kPa, 1.80%, 0.641 kPa, 0.993 and
0.997, respectively. In the internal friction angle simulation, the RMSE, RRMSE, MAE, E,, and R’ are
1.635%, 6.98%, 1.616°, 0.983 and 0.998, respectively. The accuracy of PSO-ELMsin model ranks first.
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respectively. Therefore, the PSO-ELM, model has the highest accuracy among all models and can be used as

a precise model for predicting the shear strength of rolled clay.

Keywords: rolled clay; shear strength; particle swarm optimization; extreme learning machine; activation

function
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TR R R PR 4 3.794 10,67 0934 0942 4.667 THE GEEAKE 4199 1454 0932 0936  5.451
KR GEBERRE 5573 1286 0.864 0.848  6.024 KR GEERRE 5.402 1710 0.861 0.858  6.255
T 10.742 2074 0.802 0.814  10.963 % B 10.478 2601  0.820 0.827 11.443
ok 11.734 2071 0751 0742 10.091 fk % 13.366 27.67  0.811 0.798 13.517
R Al A PR U 13.741 3017 0706 0.694  11.286 AR SR YR 14.468 33.44 0702 0.731  15.721
6 HENUBHEMELSH
SN BE
RMSE/kPa RRMSE/ % E. R? MAE/kPa
T2 B L K B VR RGBT 1.264 4.83 0.987 0.976 1.374
T KR 3.747 8.79 0.955 0.937 4.876
5% BE VR RO B OB 4.078 11.73 0.911 0.901 5.682
K2 VR RGP UHL 6.743 14.66 0.832 0.828 7.142
T2 s 11.641 22.54 0.812 0.810 11.734
K% 12.446 25.74 0.762 0.761 13.424
O BIE 20 B 14.176 29.47 0.712 0.708 15.662
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R7T NEZRWBEESN

SHAE I s

RMSE/ (%) RRMSE/ % E., R? MAE/(*)
5% B LB KR R AR A IR B 2.143 7.02 0.968 0.962 2.132
T BE KR 4.136 13.55 0.942 0.931 5.521
5% BE VR RlOE B B 4.224 14.74 0.921 0.922 5.627
B KR R RGP IR 6.752 17.52 0.872 0.859 6.723
THEE 12.423 27.14 0.817 0.809 14.762
K% 13.687 29.62 0.796 0.775 14.524
s Rl 07 B TR 4K 14.756 35.39 0.715 0.722 15.962

NI E. 33K 3 T 0.997,0.998, P4 BE 4 L& b, B
3 Ww

ELM B8 b S AL E 7 — 2 BB L T
R . PSO-ELM #28UT] 5 R {5 48 ELM A5 Fifi 411
VRIS EL B SRR AR i K W BB, 56 TR BE R A
R ELM SR SR R 250 e 245 SR A Y figf o
TS ELM KBRSz AV RE T 8525 1 IR i, 7R3 0 B i J2
ANBICHTHR A5 RS B R i B 5 SR, B A R A
B I I L 5 A X KRR AT PR A L R R
SR TR T A e 0 7R 2 R I 3548 PSO-ELM #5
TUSSA o e RS B[R] B A SO 9 R B, ELM B UK
BT T GRNN B RF BIRF] BP i 28 0 25 B0 3 3
—EB T PSO-ELM HE R RE25 4

AR SCHFFE I 1 55 B A5 K RIS R IR TR B+
PUBT IR RO R BRI AR BRI T R
K S L1 26k - B BT 5 R R R 3 L T R K R
JE 2T B PR AR A A SRR R 5 AR S Es B A
AR —2, Bk AT IS S KR X B A T8 9 R R
BERIL L BEE KRR T m, LIRRTR 5 N E
B2 eI W e R T OK RN E
FMiR AR R B, B+ B K AR e N5
REEAIG , 3 1T Rt 2 A SCRE 3R ) D R 482 A S22 S B
JE B E R A,

4 én ib

¢h) ﬁmﬁi HE B, PSO-ELM ## &l
K 0 fi i . 3 Fl ELM AR BURS Bk 22, BP 1 4 ¥
25 B RN BE e 2%, 3 A PSO-ELM £ AU o, PSO-
ELM,, 15 BN FE B i o 6 58 0 RPN JEE 462 F A 40 v 9 420
BT RRAIER B 1.005,1.032, 3 R i ok KOK; i
WK AT Sine PREL>>radbas A% >hardlim pRZL;

(2) FEPUBTSREE HAAE AR , PSO-ELM,, B AUA
JEE o e o H 5 S e AR X R ZETE 6.090~9.3%0

(3) PSO-ELM.;, 15 Y & 8 1y 1 S5 AR A 58 22 il o
o — B E R A b L RMSE, RRMSE Al
MAE %%~ 0.776 kPa,1.80% A1 0.641 kPa,R* Fl

RMSE., RRMSE Il MAE 434l & 1.635°,6.98% Hl
1.616°,R* M E .73 5k 3] T 0.993,0.983,GPI 44
E JT A R B R 5 — o

(4) B XAS [l A SECAL A T AR DR B X E

AL SR B R - B B o B R R R O T

FK W Z, R LG R UCCEL 1) 5 e AR E B AR, PSO-

ELM,,, 5 8 HA fi i HORG BE , HLELAT 3 i ] B A
A SCACERE T 9% BE B K SRR Rl A 2R R

F R A S BAE T PSO-ELM 5 5 i B} 24 4

g iH PSO-ELM,, 15 54 7 J& 2 4 B 57 9 B fl il 14

PRUEREARL, FEA 5 M RE S, AT E— i AR

LR B ERBE S DRI AR

SRy i R - B 5 R Ak A B LR 2R A
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