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A study shearing strength in RC beam without stirrup by machine learning Ensemble

Technique

Sitthiphong Promprsit!’, Ruangsak Trakunphutthirak?

Abstract

According to the results of the shear strength test for reinforced concrete beams, Previous investigations
have revealed a considerable amount of uncertainty due to several complicated factors, extremely interesting
studies, and the development of prediction techniques that will be used in beam design. The objective of this
research was to study how to forecast the strength of shear units without the addition of web reinforcement
using machine learning technology, compare it to the ACI-318 design standard formula calculation method, and
identify important factors that influence the prediction. The method that was employed begins with the second
type of data gathered from beam test results. Literature reviews from previous studies 13 features were explored
in 1,849 samples, 12 of which were primary variables and 1 of which was a target, separating data sets for
teaching and model testing. For predicting values and determining fundamental parameters from instructional
datasets, the Boosting Ensemble or XGBoost tree algorithms were employed. The best parameters are then
determined using the Grid Search CV method with the test dataset, and the shear resistance effect is predicted
with the test data set compared to the previously extracted test dataset. The results evaluate the accuracy or
performance of the model: R2 = 0.92638, MAE = 0.17362, MSE = 1869.64562, and RMSE =43.23940. The
recommendation for future research is that the amount of data should be increased. Create additional variables

and experiment with algorithms and other machine-learning techniques.
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Table 1 Statistics of the data set of RC beams without stirrups

Variables Min Max Mean Median SD
b, 21 3000 212.11 153 209.48
b 21 3000 255.82 157 227.17
h 51 3140 364.52 305 254.12
d 41 3000 32045 270 237.87
ald 0.25 15.06 3.20 3 1.82
Bear 0 600 106.96 102 7391
P 0.1 9.5 2.23 1.87 1.52
fe 6.1 127.5 34.84 29.7 18.33
a, 1 50 18.47 19 6.96
. 267 1779 462.27 420 172.07
V, 1.9 1575 129.24 73.1 152.76
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a3 1 mamsiaszsiaanidosdy
Variable count mean std min 25% 50% 5% max
bw 1849 213.01 212.94 21.00 150.00 153.00 200.00 3000.00
b 1849 256.76 230.21 21.00 152.00 157.00 300.00 3000.00
h 1849 364.35 254.05 51.00 250.00 305.00 381.00 3140.00
d 1849 320.25 237.77 41.00 210.00 270.00 318.00 3000.00
a/d 1849 3.20 1.82 0.25 2.00 3.00 3.94 15.06
bear 1849 107.13 74.15 0.00 40.00 102.00 152.00 600.00
r 1849 2.24 1.52 0.10 1.24 1.87 273 9.50
fcp 1849 34.86 18.34 6.10 24.10 29.70 37.40 127.50
a, 1849 1847 6.96 1.00 13.00 19.00 25.00 50.00
f, 1849 462.37 172.14 267.00 379.00 420.00 483.00 1779.00
rd 1849 8.16 11.64 0.16 2.72 5.21 9.23 141.56
b.d 1849 | 7.98E+04 | 1.66E+05 | 9.66E+02 | 332E+04 | 4.18E+04 | 6.48E+04 | 4.50E+06
V, 1849 129.59 153.21 1.90 43.70 73.40 155.20 1575.00
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&Nl Grid Search CV AumAMIsEiwasNuLnzaun nan1sAumdnwmeluil colsample bytree = 0.7,
learning rate= 0.07, max_depth= 5 min_child_weight= 4, n_estimators=600, nthread = 4, objective= reg.linear,

silent”: 1 way subsample = 0.7

ransUszliuUsE B A wHan15YiuNe YN BuifaeLaTas XGBoost Tree Ensemble
HaN15UTEEUUTEANS AMNLUUS 189U AU LS L ouTile Ao MSE = 1869.646, MSE=43.239,
MAPE=0.174 Uag R*=0.926 HavaIn1sviuIgdanuwduguinnaauais vniinanisiueuidssuiisuiuainig
naaoutisiiausluguuuusugiiuvisasnmil 15 §1uau 555 fegsiidunanismaaeuuuudiassaznuliindea
naviueuaznansvadeuaindonululufianadiontu uasidethdeyatiaesya funluiiausluguuuuuiugd
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o v €
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Vu(Prediction) 129.92 24095.72
p>0.025 hifianumanarsedaiiisdignieada seusu H, Ujias Hfiszduaugetunieadad 0.0s

NaN1598LazaNUT1gNaN15IY
agUnan1sinen

agunanisfnwinuiidieldmeliadieldinalin Ensemble Wuu XGboost Tree $3ufiuN1s¥n Feature Engineering

PN1TASAILUTINALUTIANAD Pd way bd  Wan1sUszLiuUTEAnSAMLUUTIa0UsEANSAMNITINUIEADUTS

a = v

g9 HAMIUTUMEUTENINANRAINANITINIUNEAIBNATIANITITIUSMEIATLAZEATNTAILINYEY ACI-318(89) A

aaad

FWNADA t-test WU ANLRABTAIULANG NN NADANTEAUAINUTDNY 0.05 LAIBE19INAINANITYNIUIBAINIAY
Aunuusadeuluay ANIIANEIINNTNAROUITIBYTILIUVANEAININNOALATT

afUsIENansIY

a1

UszAnSanvsakuuiiaastunisinunillanalndifesganndsanaslnalAgafunaifeNEIuLN Nan1SIASIEHAN

v LY v

ANUAAYVIR MU AYTgn Ao a/d TanseiunauITesnedarniunisiseuinienses [7] uazdiaennqeeiu

Y a a a

MATEsBudmge] [14] Tudszinuresdng a/d ARt 3.14 azdwmasonnuudugilunsviiuienatinainy

wiugrifosas NeEmsliinsgiumsesniuy SnvianpsgiumseeniuuYes AC (89) Winasniaudusisaenades
fusnAdeves ayfaninarali [11) JefindsndmansznusemnugniosazanuUasasdelumsldamneds
uennimInaziuvuSaeInsisuifeedosluvszgndldauaiedauiiiazdanuutiuginiamsgiunis
sonkuusgdswadliniudndudedlddiulasnsdy wie Safety Factor diearuvasaselunisiilulduasauda
Tnslanzegededmiuauifidnuvasduaudndessednse Talufivay dwiudeuuzihansinuilueuianaasd
MsAnYIMITIUENasI Algorithm auq SnervsasmaasadreiuUsfuiuiuiidauaenndosiuenisel

Ao o

wazAdsL T ININTaYaNHAN AU LAy isAvegludagtuliiid wiuunusiely

MSDS CS SWU @2023 191



2023 3" Proceeding of the Data Science Conference

AnAnssuusena

(«1)

nifesesdilasunsatuayy uag TiAuugdnfunlagnaona1ne1nsdnuing 0.a5.1389dnd aszanm

o

$n¥ AnudugIuinwimnssaleswazanuimuIne N steyaniunldlunisfinwisesil fidevensiureunseam A3

B

Ya o o

919138 ynvihuiieglalinnudiugidenusefnaufelagtu veveunseAn 0.05.35¢ arde wALANIITE KA MU

¥
] o

V9INPT INITANNIADIN YU NTnuUssgivnslunsidiaueunaull ideveveuamantaun a Nl
v a
LDNE19I91999

[1] s 900885 and 15U/ doTes, nseenuuulasvainmeunsaasuman : Ing35ma9 = Reinforced
concrete design : strength design Method : SDM. ngaww=: U.dusituswidive, 2554

[2] N. Subramanian, Design of reinforced concrete structures. in Oxford higher education. New
Delhi: Oxford University Press, 2013.

[3] J. K. Wight, Reinforced concrete: mechanics and design, Seventh edition. Hoboken, New
Jersey: Pearson, 2016.

[4] A. Shahbazian, H. Rabiefar, and B. Aminnejad, “Shear Strength Determination in RC Beams
Using ANN Trained with Tabu Search Training Algorithm,” Adv. Civ. Eng., vol. 2021, pp. 1-14,
Nov. 2021, doi: 10.1155/2021/1639214.

[5] Civil Engineering Department, Al-Nahrain University, Baghdad, Irag. and A. Faleh Al-Bayati,
“SHEAR STRENGTH PREDICTION OF REINFORCED CONCRETE SHALLOW BEAMS WITHOUT
SHEAR REINFORCEMENTS,” J. Eng. Sustain. Dev., vol. 2018, no. 06, pp. 85-100, Dec. 2018,
doi: 10.31272/jeasd.2018.6.8.

[6] “60 Unsseneugnsusdeon.”

[71 J. Zhang, Y. Sun, G. Li, Y. Wang, J. Sun, and J. Li, “Machine-learning-assisted shear strength
prediction of reinforced concrete beams with and without stirrups,” Eng. Comput., vol. 38,
no. 2, pp. 1293-1307, Apr. 2022, doi: 10.1007/500366-020-01076-x.

[8] E.G.Sherwood and E. Bentz, “Where is Shear Reinforcement Required? Review of Research
Results and Design Procedures,” AC/ Struct. J., vol. 105, no. 5, 2008, doi: 10.14359/19942.

[91 Y. Ding and X. Ning, Reinforced Concrete: Basic Theory and Standards. Singapore: Springer
Nature Singapore, 2023. doi: 10.1007/978-981-19-2920-5.

MSDS CS SWU @2023 192



2023 3" Proceeding of the Data Science Conference

S. Edward G. and B. Evan, “Where is Shear Reinforcement Required? Review of Research
Results and Design Procedures,” AC/ Struct. J., vol. 105, no. 5, 2008, doi: 10.14359/19942.
A, ¥oundn and a. gnw, “iiev 60 U fsense! aunslugues ACI318 dmuidsimmmusudouvesesd
aAsABUN3ALESIWANTzgn,” 275875 398uas L) 395, vol. Ui 44, no. atudi 1, pp. 3-32, 2564.
318-19 Building Code Requirements for Structural Concrete and Commentary. American
Concrete Institute, 2019. doi: 10.14359/51716937.

“Stowik - 2021 - Analysis of fracture processes in reinforced concr.pdf.”

T. Zhang, P. Visintin, and D. J. Oehlers, “Shear strength of RC beams without web
reinforcement,” Aust. J. Struct. Eng., vol. 17, no. 1, pp. 87-96, Jan. 2016, doi:
10.1080/13287982.2015.1122502.

A. Sharafati et al., “Development of Advanced Computer Aid Model for Shear Strength of
Concrete Slender Beam Prediction,” Appl. Sci., vol. 10, no. 11, p. 3811, May 2020, doi:
10.3390/app10113811.

H.-T. Thai, “Machine learning for structural engineering: A state-of-the-art review,”
Structures, vol. 38, pp. 448-491, Apr. 2022, doi: 10.1016/j.istruc.2022.02.003.

M. Amjad, I. Ahmad, M. Ahmad, P. Wroblewski, P. Kamiﬁski, and U. Amjad, “Prediction of
Pile Bearing Capacity Using XGBoost Algorithm: Modeling and Performance Evaluation,”
Appl. Sci., vol. 12, no. 4, p. 2126, Feb. 2022, doi: 10.3390/app12042126.

W. Dong, Y. Huang, B. Lehane, and G. Ma, “XGBoost algorithm-based prediction of concrete
electrical resistivity for structural health monitoring,” Autom. Constr., vol. 114, p. 103155,
Jun. 2020, doi: 10.1016/j.autcon.2020.103155.

D. Cielen, A. Meysman, and M. Ali, Introducing data science: big data, machine learning,
and more, using Python tools. Shelter Island, NY: Manning Publications, 2016.

L. Owen, Hyperparameter tuning with Python: boost your machine learning model’s

performance via hyperparameter tuning. Birmingham, UK: Packt Publishing Ltd., 2022.

MSDS CS SWU @2023 193



