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Tém tat

Nghién ciiu nay danh gid va so sanh hiéu suit cia bay mo hinh hoc may phd bién trong du bao kha ning chiu cit ctia dim bé
tong thanh cdt sgi polymer (FRP) khéng c6 cbt dai, gdbm mang nd-ron nhan tao (ANNS), ritng ngiu nhién (RF), M5Rules,
MS5P, hdi quy vectd hé trg (SVR), cdy ngau nhién (RT), va hdi quy tuyén tinh (LR). Két qui thuc nghiém cho thiy mo hinh
ANNG s dat hiéu suét tdi vu nhét v6i hé sb tuong quan (R) bing 0,981, cin bac hai ctia sai s6 binh phuong trung binh (RMSE)
bing 24,77 kN, sai s6 tuyét ddi trung binh (MAE) bing 16,68 kN. M6 hinh RF xép vi tri thi hai véi chi s6 MAPE nhé nhét
(19,03%). Ngudc lai, mo hinh LR cho théy sai s6 16n nhit, khing dinh su khong phit hgp clia cac khung tuyén tinh. Nghién
ciiu khéng dinh ANNs 12 cong cu du bdo tin cdy, cung cp gidi phap hd trg thiét k& hiéu qua cho cdc cong trinh s dung vét
liéu tién tién.

Tix khod: hoc may; FRP; dam bé tong; kha nang chiu cit; du doan.

SHEAR STRENGTH PREDICTION OF FRP-REINFORCED CONCRETE BEAMS WITHOUT STIRRUPS
USING MACHINE LEARNING

Abstract

This study evaluates and compares the performance of seven prominent machine learning models in predicting the shear
capacity of fiber-reinforced polymer (FRP) reinforced concrete beams without stirrups, including artificial neural networks
(ANNSs), random forest (RF), M5Rules, M5P, support vector regression (SVR), random tree (RT), and linear regression
(LR). Experimental results demonstrate that the ANNs model achieves the highest predictive accuracy, yielding a correlation
coefficient (R) of 0.981, a root mean square error (RMSE) of 24.77 kN, and a mean absolute error (MAE) of 16.68 kN.
The RF model ranks second, delivering the lowest mean absolute percentage error (MAPE) of 19.03%. In contrast, the LR
model exhibits the largest errors, highlighting the inadequacy of linear frameworks for capturing the complex structural
behaviors inherent in this application. The findings confirm that ANNSs is a robust and reliable predictive tool, providing an
effective design-support solution for infrastructure projects utilizing advanced materials.
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1. Gidi thiéu

Bé tong cot thép 1a loai vat lidu xay dung c6 lich st 1au ddi va dudc ting dung rong rai nhit trong
nganh xdy dung hién dai. Tuy nhién, dic tinh dé bi An mon clia cdt thép trong mdi trudng bé tong
dugc x4c dinh 12 nguyén nhan hang dau din dén su suy giam kha ning chiu luc ctia két ciu sau mot
thdi gian van hanh [1, 2]. Qu4 trinh dn mon khong chi 1am gidm tiét dién ct thép ma con giy nit vo
16p bé tong bao vé, tir d6 1am suy gidm dang ké do ciing, kha ning bién dang va tinh an toan tdng thé
ctia cong trinh [3]. Chi phi danh cho viéc bao tri, stia chita va thay thé cac két cAu bi hu hai do 4n mon
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dang tr§ thanh ganh niing 16n d6i véi ngan sach dau tu, thic diy nhu cau cip thiét vé viéc tim kiém
cdc giai phap vit liéu thay thé bén viing.

Trong nd luc kiém ché sy An mon, nhiéu gidi phap nhu st dung thép khong gi, thép ma kém, hay
chdéng An mon dién héa da dudc dp dung nhung hiéu qua mang lai vin con nhitng han ché nhét dinh.
Hién nay, viéc st dung thanh polymer cbt soi (Fiber-reinforced polymer — FRP) 1am ct chiu luc trong
cac két cAu bé tong méi dang ndi 1én nhu mot hudéng nghién ciu tiém ning nhd nhiing vu diém vuot
trdi nhu cudng do chiu kéo cao, trong lugng nhe va dic biét 1a kha niing khang #n mon tuyét dbi [4-8]
(Hinh 1). Vat liéu FRP da bu6c dau dugc trién khai thanh cong trong cic ciu kién tiép xic truc tiép
v6i moi trudng khac nghiét nhu cau cang, tudng chin va cdc cong trinh chifa héa chit.
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Hinh 1. Mot s6 dang thanh c6t sgi FRP

Trong hon ba thap ky qua, kha ning chiu luc cia dim bé tong c6t FRP da thu hit sy quan tim
16n tir cong ddong khoa hoc. Nhiéu nghién ctiu thuc nghiém da dugc thuc hién, din dén su ra doi ctia
cc cong thiic thuc nghiém hoic cdc diéu chinh ti tiéu chudn thiét ké hién hanh (nhu ACI, JSCE,
CAN/CSA) d€ xac dinh stic khang cit ctia dAm FRP c6 hodc khong c6 cbt dai [9]. Bén canh nhiing nd
luc trong nghién ciu thyc nghiém, mot sb tic gia di ¢d ging dé xuit mot sb cong thiic thuc nghiém
hoic stta d6i cong thiic tir cc tiéu chudn thiét ké hién hanh d€ x4c dinh kha ning chiu cit ctia dAm bé
tong c6t thanh FRP c6 va khong c6 cbt dai. Chang han, Razagpur va cs. (2004) [10] da nghién ciiu
su dong gép clia bé tong vao kha niang chéng cit ctia dim bé tong cdt thanh FRP va so sanh két qua
v6i mot sb tiéu chudn thiét ké. Ho nhan thiy ring cac khuyén nghi clia cdc tiéu chuin Canada va Nhat
Ban déu phu hop véi két qua thuc nghiém.

Razaqpur va Isgor (2006) [11] trinh bay mot phuong phap nang cao dé€ du bao kha ning chiu cit
ctia dim bé tong c6t thanh FRP khong c6 cdt dai. Phuong phdp nay da xem xét anh hudng cia kich
thudc dam, cot thép doc, cudng do bé tdng va su tuong tac md men-luc cit. Ashour (2006) [12] da dé
xuét mot phuong phap don gian dé tinh kha ning chiu cat ctia dam bé tong c6t thanh GFRP. Phucng
phép tinh c6 mbi twong quan hop ly véi cac két qua kiém tra thuc nghiém. Kim va cs. (2014) [13] da
dé xuit cong thiic todn hoc tinh todn cudng do khing cat ctia dam bé tong ct thanh FRP khong ct
dai. Cong thic ctia ho cho thiy 1a chinh x4c hon cic phuong trinh ctia (ACI-440) va (CAN/CSA) mic
dir dua ra nhiing dy bao c¢6 phan hdi cao hon.

Ngay nay, su phdt tri€n clia cong nghé mdy tinh va céc thuét toan tri tué nhan tao (Al) da cho
phép cac nha nghién ciiu c6 thé ap dung dé du bao kha ning chiu cit ctia dim bé tong cbt thanh FRP.
Mot s6 mo hinh hoc mdy manh va phé bién c6 thé ké dén nhu mang no-ron nhan tao (artificial neural
networks — ANNs), may hoc véc-to hd trg hdi quy (support vector regression — SVR), riing ngiu nhién
(random forest - RF). Naderpour va cs. [14] da st dung md hinh ANNs dé du bao kha ning chiu cat
ctia dim bé tdng cbt thanh FRP. Do chinh x4c ctia md hinh ANN dudc dé xuat cao hon cac huéng din
thiét ké cta Vién Bé tong Hoa Ky (ACI) va Hiép hoi Ky su X4y dung Nhat Ban (JSCE). Tuong tu,
Lee va cs. [15] da phat trién mot mo hinh ANNSs gitip cai thién cc thong sb théng ké v6i do chinh
xdc cao hon so véi cdc md hinh hién c6 khac dua trén 106 mau thi nghiém.
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Bai bao nay dudc thuc hién véi muc tidu xay dung mot khung du bao t6i wu cho kha ning chiu cat
ctia dAm bé tong thanh FRP khong c6 cot dai. Piém méi ctia nghién ciiu 12 viéc ting dung va so sanh
dong thai hiéu suét cia bdy mo hinh hoc mdy da dang, bao gdm: ANNs, SVR, RF, M5Rules, M5P,
Cay ngiu nhién (RT) va hdi quy tuyén tinh (LR). Bén canh dé, mot khung xép hang toan dién cac mo
hinh dudc thiét 1ap thong qua chi s6 hang tdng hop (synthesis index — SI). Nghién ctiu ky vong sé xdc
dinh dudc thuit toan c6 kha ning hoc va khai quat héa t6t nhat véi co ché pha hiy cit, phi tuyén cao
clia dim bé tong thanh cbt sgi FRP khong cbt dai, tif d6 cung ciAp mot cong cu hd trg thiét ké manh
meé va tin cdy cho cac ky su xay dung.

CAu tric ctia bai bdo dudc t& chiic nhu sau. Phan 2 sé trinh bay dic diém ctia bdy mo hinh hoc
mdy dugc st dung, phuong phap xéc thuc chéo k 1an, va céc chi sé danh gia do chinh xdc du bdo.
Phan 3 mo ta dif liéu thuc nghiém va thiét 1ap tham s cho cac mo hinh hoc mdy. Phan 4 tap trung
phan tich két qué, so sanh hiéu suét giita cic mo hinh va thdo luan vé do chinh x4c dua trén cic chi s6
thng ké va dd thi truc quan. Cubi cling, phan 5 sé tong két cac két luan chinh va dé xuét cic hudng
phét trién tiép theo cho nghién ciiu.

2. Phuong phap nghién ciru
2.1. Cdc mé hinh hoc mdy
a. Hoi quy tuyén tinh

Hdi quy tuyén tinh (Linear regression — LR) 12 mot trong nhiing thuit todn co ban nhét cta ly
thuyét may hoc. Muc tiéu ctia LR 1a tim ra mi quan hé giita bién phu thudc véi mot hay nhiéu bién
doc 1ap [16]. Bién phu thudc c6 gia tri lién tuc trong khi cac bién ddc 1ap c6 thé c6 gia tri lién tuc
hoic phan loai. Cong thic (1) thé hién phuong trinh tong quat ctia mo hinh LR.

Y =08, +B1x1 +B2xa+ ... +Bpxp + & (D)

trong d6, Y 1a bién phu thudc; x; 1a cac bién doc lap; 8, 1a hing s6; B; 1a hing s6 thé hién mbi quan hé
gitfa x; va Y; £ 1a sai s6. Trong nghién citu nay, ¥ chinh la kha ning khang cat ctia dim bé tong FRP,
x; 1a cdc tham s anh hudng dén kha ning khang cat.

b. Mang no-ron nhéan tao

Mang nd-ron nhén tao (Artificial Neural Networks- ANNs) la m6 hinh xt ly thong tin dugc mo
phong dua trén hoat dong ctia hé thdng than kinh ctia sinh vat. ANNs bao gom s6 ludng 16n cic no-ron
dugc gan két d€ xii 1y thong tin nén c6 thé xi 1y hiéu qua cac bai toan phi tuyén dua trén co ché xap xi
ham tiy y ‘hoc’ dudc tif cac dii liéu quan sat [17]. Trong ciac dang ANNs, mo hinh mang nhiéu ting
truyén thang (Multilayer perceptron - MLP) 1a mot mang no-ron truyén téi (feedforward) két n6i cac
dit liéu dau vao va cho ra tap dit liéu dau ra. MLP bao gdm mot 16p vao (input layer) chifa cdc niit cam
bién, mot hoic nhiéu 16p 4n (hidden layer) chita cdc cac niit tinh toan, v mdt 16p ra (output layer)
chiia mot nut tinh toan.

c. Mdy hoc véc-to ho trg hdi quy

My véc to hd trg hdi quy (support vector regression — SVR) huan luyén bd dit liéu hdi quy thong
qua viéc st dung cac ham nhan (kernel functions) [18, 19]. SVR thudng dugc vu tién ap dung d€ giai
quyét cic bai toan hdi quy phi tuyén tinh, trong d6 né thuc hién anh xa cic dif liéu dau vao sang mot
khong gian dic trung n chiéu. Sau d6, cdc ham nhan phi tuyén sé& dugc khép vao khong gian dic trung
cao chiéu nay dé thiét 1ap mbi quan hé giita cic bién. SVR tim cich tbi thiéu giSi han trén ctia sai sb
tong quat hoa thay vi ti thiéu sai s6 thuc nghiém nhu mé hinh mang nd-ron.
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d. Cay ngiu nhién

Cay ngiu nhién (random tree - RT) dudc phat trién dua trén mot quy trinh mang tinh x4c suét.
Trong qu4 trinh xay dung mo hinh RT, mdi dit liéu dau vao sé tuong ting véi mdt niit trong cAu triic
cAy. Mdi niit thé hién gia tri clia c4c bién dau vao thong qua 19 trinh din truyén tif niit gc dén nhanh
14. Sau d6, k¥ thuit tia canh dudc thuc hién d€ diéu chinh mot ciy da bi qua khép vé mot dang thiic
tdng quat hon, tif d6 cai thién hiéu suit du bdo cia md hinh RT.

e. Ring ngiu nhién

M5 hinh riing ngau nhién (random forest — RF) khai thic stic manh ctia mot tip hop céc cay quyét
dinh d€ t6i vu héa hiéu suat gidi quyét cac bai toan phiic tap [20]. Trong linh vuc ky thuat, RF gitp
cai thién dang ké do chinh xdc nhd 4p dung co ché 14y mau Lip lai. Quy trinh huin luyén ctia RF dudgc
thuc hién thong qua cac budc sau:

- Céc tap dit liéu con dudgc tao ra tif co s& dif liéu gdc bang phuong phap bootstrap (Iiy mau c6
hoan lai);

- Xay dung mdt cdy quyét dinh cho mdi tap dit lidu con tuong dng. Tai mdi niit phan tach, mot tap
hdp con ngiu nhién clia cic bién dau vao dugc lya chon d€ didm bao tinh da dang va gidm su tuong
quan giita cac cay;

- Lip lai quy trinh cho dén khi dat dudc s6 lugng cay du kién trong ring;

- Két qua du bdo cudi cliing dudc xic dinh bang cach iy trung binh cdng (d6i véi bai toan hdi
quy) hoic bd phiéu da s6 (ddi v6i bai toan phan loai) tir tit ca cac ciy thanh phan.

f. M5P va M5Rules

Cay md hinh M5 (M5P) [21] 12 mot dang cay quyét dinh nhi phan, trong d6 cac niit thuc hién viéc
4nh xa mdi quan hé gitta dif liéu dau vao va két qua dau ra. Qua trinh phit trién cAu triic cdy nay bao
gdm hai giai doan chinh, nhu da dudc trinh bay trong [21, 22]. Budc dau tién 14 phan chia tap dif liéu
thanh céc tip con dé thiét 1ap ciy quyét dinh. Budc tiép theo tip trung vao viéc tia canh (pruning) va
lam mugt (smoothing) cdy mo hinh.

Su khac biét giita MSP va M5Rules nim & dinh dang dau ra. Trong khi M5P trinh bay cdc méi
quan hé dué6i dang cAu tric cAy phan cip, M5Rules lai hé thong héa céc tri thic nay thanh mot tap
hop cic quy tic roi rac, gitip ting cuong tinh linh hoat va kha ning ing dung tryc tiép trong thuc tién.
Trén co s do, thuat toan MS5Rules c6 kha ning tao ra mot danh sach cac quy tic quyét dinh cho cic
bai toan hdi quy bang cach 4p dung chién ludc chia dé tri. Trong mdi vong ldp, thuit todn nay sé xay
dung mot cdy mo hinh thong qua phuong phap M5, sau d6 chuyén ddi nhanh 14 t6i uu nhét thanh mot
quy tic cu thé.

2.2. Xdc thue chéo k lan

Dit liéu ban dau dudc chia thanh 2 tap dit liéu dung dé huin luyén mo hinh va kiém tra mo hinh.
D¢ tranh sy ‘thién vi’ trong qud trinh lya chon 2 tap dif liéu trén, phuong phdp xic thuc chéo k 1an
(k-fold cross validation) dugc st dung. Phuong phap nay phén chia toan bd dit liéu thanh & tap con c6
cuing kich thudc. Qua trinh huin luyén cho m&i mé hinh c6 k 1an. Trong mdi 1an, mdt tip con dudgc
dung d€ kiém tra va (k-1) tap con lai dung d€ huén luyén.
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2.3. Ddnh gid do chinh xdc du bdo

Dé danh gid do chinh xic két qua du bdo clia cac mod hinh dé xut, cdc sb chi sb duge st dung,

gdm: hé s6 tuong quan Pearson (R), ciin bac hai clia sai s6 binh phuong trung binh (root mean square

error — RMSE), sai s6 tuyét dbi trung binh (mean absolute error — MAE), phan trim sai s6 tuyét d6i

trung binh (mean absolute percentage error — MAPE) va chi sb xép hang téng hop (SI). Cong thiic
tinh toan cta céc chi s6 thé hién & bén dudi.

_ n2yy —@ENEY)
V(X y?) = (EyP Y yH) = (v

_ ln ’ _ 2
RMSE = nzlw y) 3)

)

1

MAE = - —y 4
n;w vl 4)
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MAPEz—E A (5)
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trong do, y 1a gia tri thuc t&; y' 12 gia tri du dodn, n 12 s6 luong dit liéu du doan.

Chi s6 SI dung dé xép hang cdc mo hinh. Gid tri ctia SI thudc [0, 1], mo hinh c6 SI cang tién vé 0
chiing t6 két qua du doan ctia mo hinh d6 cang chinh xic. SI dudc xéc dinh dua vao 4 chi s6 thong ké
trén (R, RMSE, MAE va MAPE).

1 = mm i
5, Z — (6)

=1 max i mm i

trong d6, m 12 s6 Iugng chi s6 danh gia (6 day m = 4), P; 1a gia tri chi sb ddnh gia th i.
3. MG ta dix liéu va thiét 1ap mé hinh nghién ctu
3.1. Mé td dit liéu

Bo dit liéu thuc nghiém gdm 172 méu dudc thu thap tif cic nghién ciu trude d6 [12, 23-28]. Cac
bién doc 1ap anh hudng dén kha niing chiu cit ctia dim bé tong gia cusng FRP khong c6 cbt dai gdm
chiéu rong dim (b), chiéu cao lam viéc hiéu qua (d), khoang cit (a), ti 1é ctia khoang cit vé6i chiéu cao
lam viéc hiéu qua (a/d), cudng do6 chiu nén cla bé tong (f7), ham lugng thanh cbt sgi FRP trén mit
cét tiét dién (os), va mo dun dan hdi cla cbt sgi FRP (E). Bién phy thudc 1a luc cét thyc nghiém phd
hoai ctia dam. Bang 1 dudi diy mo ta dic trung théng ké clia cdc bién doc 1ap va phu thudc.
3.2. Thiét ldp mo hinh nghién ciiu

V6i xdc thuc chéo 10 1an, bo dit liéu dudc huin luyén va kiém ching 10 1an. Tir 1an 1 dén lan thi
9, 155 miu dugc sit dung dé€ huin luyén md hinh, 17 mau con lai dudc st dung. Po chinh xdc du bdo
ctia mo hinh trong mdi 1an dugc danh gid thong qua 17 mau kiém chiing (1an 1 dén 9) va 19 mau kiém
chiing (1an 10). Do chinh xac cudi ciing ctia mdi md hinh 1 trung binh cong ctia két qua cta 10 lan
ki€ém chiing. Cac md hinh hoc mdy trong nghién cifu nay dudc chay trén phin mém ma ngudn md
WEKA. Bang 2 trinh bay cac tham s6 dudc thiét 1ap cho cidc mo hinh trén phan mém WEKA.
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Bang 1. Dic trung thdng ké cta dif liéu nghién ciu

Bién
g ex s . diura
Bién dau vao (ki hi€u, don vi) (ki hicu,
don vi)
Chiéurong Chiéucao Khoang cit ald Cuong 6 Ham lugng Mb dun dan  Luc cit
(b, mm) lam viéc (a, mm) chiunén  thanh FRP hdi cia thuc
hiéu qua (d, clia bé tong trén mit cit thanh FRP nghiém pha
mm) (f/,MPa) tiétdién  (E;,GPa) hoai (V,y,
(or, %) kN)
Trung binh 268 307,79 938,05 3,42 48,66 1,24 69,75 99,26
bo l1éch 181 153,10 369,37 1,41 16,76 0,65 42,33 125,75
chuin
Min 89 141,00 248,00 1,00 24,10 0,18 32,00 8,80
Max 1.000 937,00 3.050,00 6,49 88,30 3,02 145,00 1.135,00

Bang 2. Thiét 1ap tham s6 cho cac mo hinh hoc mdy

M5 hinh Tén tham s6 Gid tri
Attribute selection method MS5 method
LR Eliminate colinear attributes True
Debug False
Ridge 1.0E-8
Hidden layer a
Learning rate 0,3
Momentum 0,2
ANNs Training/time 500
Validation threshold 20
Seed 0
C 1.0
SVR Kernel RBF
Epsilon parameter 0,001
Batch size 100
RT Break ties randomly False
Min variance prop 0,001
Max depth 0
Bag size percent 100
Batch size 100
Num features 0
RF Num iterations 10
Max depth 0
Break ties randomly False
Calc out of bag False
Debug False
M>Rules Build regression tree False
Debug False
MsP Build regression tree False
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4. Két qua va thao luin

Kha ning du bdo siic khang cit ctia cac md hinh hoc mdy thé hién qua so sanh gia tri thuc té va
gid tri du bdo cta tap dif liéu kiém ching (Bang 3). Trong bdy mo hinh xem xét, m6 hinh ANNSs thé
hién céc chi s6 hiéu suit vuot troi khi dat hé s6 tuong quan cao nhat (R = 0,981) di kém véi céc gid tri
sai sb thap nhit, bao gdm RMSE dat 24,77 kN vi MAE dat 16,68 kN. Miic dui chi s6 MAPE ctia mo
hinh ANNs cao hon md hinh RF (24,02% so véi 19,03%), mo hinh ANNs van din dau vé hiéu suit
du bdo. Hinh 2 so sanh chi s6 MAE va MAPE ctia bdy mé hinh hoc may.

M0 hinh RF néi 1én nhu mot phuong phap hiéu qua thi hai véi gia tri R 1a 0,886 vi MAPE dat
gi4 tri nhdé nhit & miic 19,03%. Ngudc lai, cic md hinh M5Rules va M5P cho thiy kha ning du bdo
& muc trung binh véi gid tri R vudt qua 0,85 nhung chi s6 RMSE cao hon dang k€ so v6i md hinh
ANNS. Cudi cuing, mo hinh LR cho thiy miic do tuong thich kém nhit véi dit liéu thuc nghiém, dudgc
dic trung bdi gia tri RMSE 1én t6i 102,81 kN va chi s6 R chi 0,577, chiing to cdc mo hinh tuyén tinh
khong dii kha ning nam bat cac ting xit phi tuyén phiic tap trong stic khang cat ctia dim FRP-RC.

Bang 3. Do chinh xdc du bao va xép hang ciac mo hinh hoc mdy

Chi s6 danh gia d6 chinh x4dc mo hinh

Tén mo hinh Xép hang
R RMSE (kN) MAE (kN) MAPE (%) SI
LR 0,577 102,81 54,30 112,33 0,988 7
ANNSs 0,981 24,77 16,68 24,02 0,013 1
SVR 0,808 90,24 35,62 28,59 0,458 5
RF 0,886 62,18 22,00 19,03 0,208 2
RT 0,714 106,87 36,55 27,95 0,571 6
M>5Rules 0,853 67,40 30,51 46,57 0,374 3
MS5P 0,858 68,02 31,92 49,35 0,390 4
GMAE (kN) BMAPE (%)
60 7 543 120
50 1 * 100

40 4 f 35.62 36,55 80
o 30,51

30 A 60 -

49,35

22,00
40 1 27,95

19,03
20 4

LR ANNs  SVR RF RT M5Rules MSP LR ANNs ~ SVR RF RT MS5Rules MSP

M6 hinh M0 hinh
(a) MAE (b) MAPE

Hinh 2. Gia tri MAE va MAPE cua cac md hinh hoc may

Thong qua danh gia téng hop tit 4 chi sé do ludng thdng ké, cac mod hinh hoc mdy da dudc xép
hang mot cach hé thdng dé xac dinh mo hinh du bdo tin ciy nhat. Hinh 3 cho thdy ANNs 14 mé hinh
ding dAu vai gid tri SI bing 0,013, tiép ndi béi RF (hang 2) va M5Rules (hang 3). Nhém xép hang
trung binh bao gdm cac mo hinh MSP va SVR (hang 4 va 5), trong khi mé hinh RT va LR nidm & cudi
bang xép hang. Két qua xép hang ndy nhin manh tinh tit yéu clia viéc uu tién 4p dung cidc mo hinh
tinh toan phi tuyén tién tién nhu ANNs thay vi cic phuong phdp tuyén tinh truyén thong nhim dat
dudgc céc du bdo chinh xac trong céc ting dung thuc té dbi vdi bé tong cot thép st dung vat liéu FRP.



Thao, L. M., va cs. / Tap chi Khoa hoc Cong nghé Xay dung

o SI

LR 0.988 ]

RT 0,571 1

SVR 0.458 |

MS5P 0.39 ]

Mo hinh

M5Rules 0,374 ]

RF 0.208

ANNs []0,013

0 0,2 0,4 0,6 0,8 1
Hinh 3. Xép hang cidc mé hinh hoc may

Hinh 4 biéu dién mbi tuong quan gitta gia tri thuc nghiém (truc hoanh) va gia tri du bdo (truc tung)
ctia by md hinh hoc mdy. O dai lyc cét tir thap dén trung binh (V,,, < 200 kN), hiu nhu tit ca cic md
hinh déu cho thiy c4c di€ém dit lidu tap trung xung quanh dudng phan gidc tham chiéu. Tuy nhién, kha
ning tng quét héa ctia ciac mo hinh bét diu phan héa 16 rét & dai lyc cét cao (V,y, > 400 kN), tuong
ing véi cac dam quy md 16n. Cu thé, md hinh SVR (Hinh 4(e)) va md hinh LR (Hinh 4(g)) thé hién
hiéu ng san phang khi dudng du bo ciia chiing gidi han cic udc tinh kha ning chiu cit chi & mifc
khoing 200-400 kN. M6 hinh RT (Hinh 4(f)) boc 16 su mét 6n dinh thong qua hién tuong phan tan
dit liéu theo phuong diing, v6i gid tri du bdo cao dang ké tai mot s6 mau ¢6 V., quanh miic 200 kN
va 650 kN. Mic da m6 hinh RF (Hinh 4(b)) da gidm dugc phuong sai nay, né van du bdo du6i miic
thyc nghiém dang k€ tai cdc mau c6 luc cdt cao V,y, > 1100 kN (chi du bdo dudi 500 kN). Md hinh
M5P (Hinh 4(d)) thé hién xu huéng du bdo & dai luc cit cao 6n dinh hon, trong khi md hinh M5Rules
(Hinh 4(c)) vAn d€ lai sai s6 16n tai cdc cdc mu c6 V,y, > 600 kN. Vuot trdi hon tit cd, mo hinh
ANNSs (Hinh 4(a)) duy tri st bam sat doc theo dudng phan gidc 45 do trén toan bo dai dit liéu, khang
dinh kha ning nam bat hiéu qué céc ting xi phi tuyén phiic tap ctia dam bé tong cbt sgi FRP khong
cbt dai.

1200 1200
1000 L. 1000 1
800 - e 800 -
L ] o
600 o 600 -
. h & . °
400 400 - .o
% ° o
. ¢ '
200 { o530 200 A o
L)
0 : : ; : : 0 " . ; : !
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
(a) ANNs (b) RF
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5. Két luan

Hinh 4. D6 thi phan tan ctia cic mo hinh hoc may

1200

Nghién cifu nay dugc thuc hién nham phit trién va ddnh gia kha ning ing dung ctia cic mo hinh
Al trong viéc du bao chinh xéc siic khang cit ctia dim bé tong c6t thép st dung thanh polymer cbt sdi
khong c6 cbt dai. Thong qua viéc phén tich dit liéu thuc nghiém, nghién ctiu hudng t6i viéc thiét 1ap
mot cong cu tinh todn t6i vu, ndm bat dudc cac dng xi phi tuyén phiic tap cta vat liéu FRP-RC. Két
qua phan tich d6i v6i bay thuét toan hoc mdy khing dinh ANNs 1a mo hinh t6i wvu nhét, tiép theo 1a
mo hinh RF va M5Rules. M6 hinh LR thé hién kha niing du bio kém nhét, chiing té c4c phuong phap
hdi quy tuyén tinh khong di do tin cdy cho bai toan chin doan két cAu dam FRP-RC.

Két qua nghién ctiu cung cip mdt gidi phap tinh todn hién dai, gitip cdc k§ su thiét ké c6 thé du

9
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béo stic khang cit ctia ciu kién FRP-RC mdt cach nhanh chong va chinh xdc ma khong can phu thudc
qua nhiéu vao céc thi nghiém thuc nghiém ton kém va mét thoi gian. Viéc ting dung md hinh ANNs
g6p phan tdi vu héa qua trinh thiét ké, nang cao do an toan cho cic cong trinh ha tang st dung vat
liéu tién tién, dong thoi thiic ddy viéc ing dung cong nghé Al trong linh vuc k¥ thuét xay dung va két
cAu. Trong tuong lai, huéng nghién ciu c6 thé dugc md rong thong qua viéce tich hop cic thuit todn
t6i uu héa d€ tinh chinh siéu tham s6 cho cac mo hinh nhu ANNs, dong thdi bS sung thém céc bién
s6 dau vao va md rong co sé dif liéu thuc nghiém nhiam ting tinh tdng quat cho mo hinh trong nhiéu
diéu kién bién phiic tap hon.
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