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Stress prediction model of concrete dam based on PCA-AVOA-LightGBM
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Abstract: Based on the principal component analysis ( PCA ) method, the African vulture optimization algorithm ( AVOA ), and
lightweight gradient learning machine ( LightGBM ) model, a stress prediction model of concrete dam based on PCA-AVOA-LightGBM
was constructed. PCA method was used to mine the main influencing factors of dimension reduction-based stress prediction, and AVOA
was introduced to optimize the hyperparameters of the LightGBM model. Based on the stress monitoring data of a concrete dam, the PCA
method was applied to vector regression machine (SVR), random forest (RF), extreme gradient boosting ( XGboost ) , LightGBM
models, and a comparative analysis was conducted with the PCA-AVOA-LightGBM model. The results show that the PCA method
effectively reduces the multicollinearity among the influencing factors of each model. The PCA-AVOA-LightGBM model shows better
performance in accuracy and efficiency than other prediction models and can be applied in stress monitoring of similar concrete dams.
Key words: concrete dam; hyperparameter; stress prediction; principal component analysis; African vulture optimization algorithm;

extreme gradient boosting
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ML T F AR K 5 T RENLARAK (random forest, RF) ' | 3 4% [ H AL ( support vector machine, SVM) ™' |
e B FE 42 T (extreme gradient boosting, XGBoost) ) A4 BUHLER 24 ST Y | G245 HAE TR BE 58808 A
e C AN T R IR I T 45 R, o XGBoost #57 7E AT 4 e M 5 MEA % ¥R T RF Rl SVM £
RYLOEE A0 XGBoost FRARY 126 A QYA RAAEAE FE A OC , ARk AR 2 48 RN BUIR 42 I B | A E A7 T #E
R A FERT B A R, B it OB B P2 2% 2 Bl (light gradient boosting machine , LightGBM ) 535 7E {4 B4
XGBoost AERLILHA Y FERN F | JE— 205 T+ T Ik 55 T e B2 | S P T A B R B0 0 8 4 25 DR RS
PEsE . AW R, FEM B FOM 1 RINARTE F T A5 A 5 b LightGBM AR AU AR 42 T A AL 25 2% =) 45
B PN B T 1 S AT AT T A T, RS IE T LightGBM A T A HY B 48— 7 19 fIE i
PE TS A7 AE PR 5 T 0] . QD% A4 S0 PRk 22 | DR ) 1) 22 o TR P 2 RSS2 (0 T RS 32 S5 AR AR 2
QESEE R Z T HAWAY (L5 07 B LR B R S0

WA SZ I IR &2 2% B A 1k 2 B R AR SR B S R DS A 32 4 43 BT (principal component
analysis , PCA ) J7 75 P78 AN BSO8R B30 45 ¥4 A AT B2 T o) o 2k B30 00 A 7 e 20, R RE A 00T o3k D B K000 10 R S P 5
TUAAR B, MCREHRTHAR AL S () o 6 3 5 R P XA AE O SR F PCA Jy vk T e 5 00 B AR DG 1 38 11
G T, 20T SVM BP 5 RF 45 3 RSk E 22 J2 130 B8 S i A 8 | 45 R R RF B3k 1 S i 3R
e, EATBEPVGIA PCA kX RINASTE 500 PR F 104 T 0 Lo 4R B, Ak T 4 A8 o IR SR F A 42 2
82 (cuckoo search, CS) B IEMALEAL PR >J Hl (kernel extreme learning machine , KELM ) B #% 248 5 15 W4k
FBL N SRR, PCA-CS-KELM A58 (i TS 2 592 AL BE 1 X TAL Geph 22 M 4% 5 72 40 AR AL ]
UL, PCA J5 1 AT A 40 /b g A B ] )4 B E S, BRI o PR - [1) 22 o 2 P X S0 225 SR i) 138

R fifiR LightGBM A5 764 6 2 550 3 O M 1Y) [] R, A OG 2 35 2R AL 1 #F DL AL ( particle swarm optimization,
PSO) "2 B KR AL (grey wolf optimizer, GWO ) ' 53k i £84f fL 55 5 ( whale optimization algorithm
WOA) PV 4 & 2B vk, X LightGBM B B 9 88 2 it 47 4k, IR 90 55 % 1 1k B 3% ( African vulture
optimization algorithm , AVOA ) 5 HA 5 & U AR e FESR 0T Rk R v A T BEAILME , 76 DR 2 ROR )
[, AT SR Y A R R AE ), i T A5 R T AVOA-XGBoost A58 74 Tl 1 1LRE , I Ho 1
S ET TR, 45 R R, AVOA A BRI 2 XGBoost SLIE MBS EL, FAL R BT AVOA 1k
F TP 22 ] 2% ( convolutional neural network , CNN) 14 B8 & W f# AT 7 B8, f AT 25 SR 275, AVOA-CNN 1] g3 43
fiff o S 0 H R R A UESE AVOA 14 Ry SRR T A 880 AR S H0H R iR 25 . REFRIIE
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1.1.1 LightGBM #£#!

LightGBM 2 ELA TR IR | b i) o3 A 2 J3E 41 T 53030k , i ol BR A6 BE 4R TIHE SR LightGBM Y 24, A1 3%
e T YRS T o FOLA Y T S LightGBM #54 L) £ T+ ( boosting tree ) VE Ry FEA 22 2] 4 | >Rk FH R B2 $5: T+
(gradient boosting ) 152 BRI Y T B2 1 Sy 1] I ] R4 T 7k 2 O I (DAL, LightGBM A5 B AH X T — e 5 ik
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LightGBM #5138 i GOSS ( gradient-based one-side sampling) 55 EFB (explosive feature bundling ) 5.7 &
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P13k DU R AR AL At SRR A T 408 ik, 7 R AP AR T 80 i RS 1) ] Bsf s — 20 4 8 5 2T 0% . KAk, LightGBM A5 R v
1) leaf-wise A= 4 MG I BE 1 2 1 oA A 19%) R0 o0 22
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Fig.2 Monitoring point layout on No. 11 overflow crest dam section
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Fig.3 Time series curves of water level and compressive stress
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R 0y 0006 o o SHKIE JREE T SRR, SUT ER SRS R A TR A
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4t 2t 4Tt

W H N TR 25 Hy RFEEER TR Sk ) TR (R R A Sln 5 N in% \cos% \cos% ,

Horp o Sy SRVPREINIRE) (Rt (2 A5 -6, \In6—1nd, , e 6 —@ )
2.3.2 ERSRR

FRAE PCA Jy ik R B %?{mfﬂﬂ'mﬂl H K FH SPSS # 4 H Pearson AHE REN H-H,(/K)JE 1) H -
Hy(KHE2) H-H)(/KE3), smg (BE1) . 'n't (/E'IFSE 2). cos@ (1RFE3) ., cosétllj (I 4) .6-0,

(1) | In@ - In6, (2K 2) 9 T %HI’JI¥L éﬁﬁ F5 BN )5 0l PR AH OCHE AR BE IR 1 BT R
Pearson FH ¢ ZR AT LA IR P AR F AH DGR, AH DG 22 BI0bR 3 275 T3 722 dk ] P9 A DG AR BE B3 T
x1 HMEFHXERER

Table 1 Influencing factor correlation matrix

S T KIE 1 7KE 2 KIE 3 T 1 R 2 L 3 LR 4 A& 1 g 2
KIE 1 1.0000 0.9898 0.9743 -0.0996 -0.0339 -0.0083 -0.0361 0.8991 0.7201
KIE 2 0.9898 1.0000 0.996 1 -0.6676 -0.0326 -0.0035 -0.0250 0.8799 0. 6663
KIE 3 0.9743 0.996 1 1.0000 -0.0510 -0.0354 -0.0024 -0.0224 0.8626 0.6404
1 -0.0996 -0. 0668 -0.0510 1.0000 0.0796 0.0572 0.0173  -0.1425 -0.1558
L 2 -0.3389 -0.0326 -0.0355 0.0796 1..0000 0.1063 0.1065  -0.0898 -0.2041
3 -0.0083 -0.0035 -0.0024 0.0572 0.1063 1..0000 0.0713  -0.1056 -0.1387
L 4 -0.0361 -0.0250 -0.0224 0.0173 0.1065 0.0713 1.0000  -0.0777 -0.1656
Ak 1 0.8991 0.8799 0.8626 -0.1425 -0.0898 -0.1056 -0.0773 1.0000 0.8264
4L 2 0.7201 0. 6663 0.6404 -0.1558 -0.2041 -0.1387 -0.1656 0. 8264 1.0000

HIZE 1 AT, K ISP 2 Bk 22 1) DR i [R5 T BB 2 ) it DR v B2 M TE A 5%, 4% 7K T 70 22 [ A
KMk 0.97 LA b 25 W0 i Z RIAH GRS 0. 826 4, F7 18 R FEAHOCHERE I . 3 BUK IR /> 5 2 T 8500
ARG IK 0. 64 LU L J& T BEAIOGTEWE . 4 BLHEAE O 24 TN AR 4 1) g A2 | ) IR 7 ) 22 Tl L2k
PAORE 23 520 T AR 14 T 45 2R

PE— P HET PCA D5 IE TR UM AL STlkA  BRITDTmkAR, W5k 2 B, 38 2 Pl 4 300 Lo ik
{ERT 1, B3t 5Tk Aak 82. 027% , il o i IR £ 9 SRR 5 5L, DR ke e T D 4 00 32 Bl A DA R ) i AL

=N
AR,

2.3.3 EZRHSTBHRER
FEU 4 T0 2 5155 RECERE , 250038 3, I8 145 SRV R g A\ AR o
F2 BROHEE.REKE BiItRESE 3 BERSBHEREER

Table 2 Characteristic value, contribution rates, and Table 3 Influencing factor score coefficient matrix

cumulative contribution rate of each component

MRNT ESs T ERS 2 FERO3 S B4

- FURGESRRIEN Zit5t -

F s SN . N IKE 1 0.309 -0.001 -0.017 -0.029
w o SRR ik KK 2 0.319 0.012 0. 007 0
1 3.293 36. 586 36. 586 R : e e
2 2032 22574 59,160 KIE 3 0.321 -0.021 0. 004 0. 023
3 1.076 11.735 70. 895 M 0.177 -0.202 0.253 0.077
4 1.002 11.132 82.027 LB 2 0. 001 0.095 0. 967 -0.071
3 0. 883 9-815 o1.843 T3 0. 006 0.037 -0. 067 1. 000
6 0.709 7.881 99.723 .

RE 4 0 0.011 -0.027 -0.034

7 0.022 0.247 99.971
3 0.003 0.029 100. 000 AFAL 1 -0. 006 0.478 0.114 0.043
9 1.31x1077 1.46x107°° 100. 000 ) 0 0.473 0.074 0.035
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2.4 BEBESHIREF

BRI SR T T3l I, 38 3 A W B 40, T 45 6 B BOR FI B RS 2, 2
N R BCEA S BUR B T AT R | 28 5 2 i WA UL 5 A8OR 1 22 A die 28 DR 10 v 7 328 H %)
WAL R E AR S, A R3S 7E Python3. 8 HZAT IS THAHLEC E 2l 16 G W47, Windows10 i
TR, 358 2. 50 GHz BEHFIR i5-12400F () CPU ., BA— 550 2 R0 4% 105 Bl S S 800U WL 3% 4.,

LightGBM BRI ZHURZ , B Boosting ZEF 1 R AR Kt DRI R ORIR L |27 ) 2855 3 D R ESH ib
FUAE DA ISR 5Bk | 2k AR LE 49 Al e /N7 SR AT, LightGBM A Z 400k HTBR N, AVOA-
LightGBM # A ZHUCR ] AOVA X LightGBM #5281 280 AL 5 B MUE . LightGBM A5 5 2 $UUH 18 [ an 3% 5
Fios (9 DART S —F B 1k 33 8106 09 &5 2 ) Ak 7 32: dropouts meet multiple additive regression trees ) ,
GBTD WA HE T+ UL SR ( gradient boosting decision tree) ) .

*4 B ERASHAEZETERIE % 5 LightGBM #E S FE T ESHEVE
Table 4 Parameter adjustment range and parameter Table 5 Parameter adjustment range and parameter
value of single model value of LightGBM model
TS A S SHGE ZHUA S WS TEH BINME ek BUE
(Ve 254 FRIERE B B ghal o RRIE RS s RF B DART B GOSS
PR g GBDT GBDT
SVR AR S 1R 2% 0.001~0. 1 0.05 S 5 GBDT
FET N T 0.1~150 3.00 g =1 31.0 21
RF PR E 1~1000 80. 00 et de K AR KR =1 -1.0 275
DR e R A KR =1 5.00 2] & 0.01~0.5 0.1 0.085
PR 1~1000 65.00 PSR 1~1000 100. 0 300
XGBoost PRI I K AR =1 5.00 SEAEAE L] 0~1 0.5 0.8
R 0.01~0.5 0.10 e/ NFAT A N =0 1.0 0.003

2.5 FoimERIRTEE
K H PAC J5 X A RS2 0 (R F- 32 B4 R A T2 00, 3298 1 5 25 A 304 14 0BG Eb an il 4 B,

1.40 1351
135} 130k
130
1.25F
« <
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S —_— S 1.20 S
E 120 — g —— S
- ; - XGBoosti : PCA-XGBoos/i%!
115 —— SVRHLAS 15 p —— PCA-SVRHIH
— RFER / —— PCA-RFf57Y
1.10 —— LightGBMA5 1Y 1.10 — PCA-LightGBM 5!
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Fig.4 Comparison of test sets of each prediction model before and after principal component mining of influencing factors

R AR AL W 3 B %) FIOIN AR | S s 1 R B0 s ] ) T B A B AL 0 4R % By A e b, e it 4s Rk 6
Ji7s

H %% 6 4T AT 41, PCA-RF FiAIAH X T RF #5%)  MAE .MAPE .RMSE |3z 205} [a] 43 S FEAK T 22% . 14% |
45% 27% ,PCA-SVR B AUAH XS T SVR B A 43 5 BEAK T 30% . 18% , 18% ,31% , PCA-XGBoost £5 #I #H X} T
XGBoost BLHY M HIFEAR T 47% 36% 48% 21% ,PCA-LightGBM BERUAHXS F LightGBM ALHY 73S FEAIK T 26% |
14% 39% 34% ,PCA-AVOA-LightGBM #ERIA X} T AVOA-LightGBM #5153 | F&A% T 44% 60% 62% 34%
AT ULRH PCA 7 iEAZ 98 52 e R 35 0 J AT 1 S e R ) 2 s S PR RS A0 08 o, A5 A8 ot oK 22
THHERCR A BT,

K PCA J7 B4k 520 F 75, PCA-AVOA-LightGBM #5515 I K5 & 1 T PCA-XGBoost #5%  PCA-
LightGBM #iRI T PCA-RF BAUfEF PCA-SVR B, Hirp PCA-LightGBM FE#UX} He PCA-XGBoost F7 75K
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®6 BREETMIEIRAT L

Table 6 Comparison of evaluation indicators for stress prediction models

sl MAE/MPa MAPE/% RMSE/MPa R/ s
RF 0.12510 2.1417 0.0225 84.5
SVR 0.02497 3.7850 0.0274 62.7
XGBoost 0.01515 2.4213 0.0223 41.5
LightGBM 0.01159 1.8596 0.0177 34.5
AVOA-LightGBM 0.01151 1.7541 0.0169 35.1
PCA-RF 0.097 10 1.8418 0.0124 61.5
PCA-SVR 0.01757 3.1059 0.0225 43.4
PCA-XGBoost 0.00801 1.5491 0.0115 32.7
PCA-LightGBM 0. 008 52 1.6066 0.0108 22.5
PCA-AVOA-LightGBM 0. 00642 0.7155 0. 0063 23.1

FEVEH T8 br 1 AH 2585 /0N, TI0I00ORS o B S AR — 350, (R SRR B B = T PCA-XGBoost #5278 B PCA-
LightGBM HERIFIEAL A5 B TS R 7R 255k e B L3, PCA-AVOA-LightGBM #EAITE FilIAS B A
AR s A AERT A X5 /0, 5 PCA-LightGBM A L, MAE 427+ T 25% , MAPE 427t T 55% , RMSE
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