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Xay dung mé hinh may hoc lai nhan trong sé
dé du bao luc bam dinh giiia BTCT va FRP

Enhancing the machine learning model with weighted features to predict the adhesion force
between reinforced concrete and FRP materials.
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TGM TAT

Bai bao nghién ciru tap trung vao xay dung mat ma hinh hoc may ca
trong sd dé du bao lyc bam dinh giira vat lieu bé tong cdt thep va vat
ligu FRP gia cuerng. Ma hinh lai JS-WFSS (ellyfish search aptimized
- wejghted featune stacking system) duge xay dung dua trén he
thding xép chiing ca trong sd tdi vu haa bang tim kigm scra. Ket qua
phén tich cho théy ring mé hinh lai duge tdi vu hoa JS-WESS ca do
chinh xac di doén tat hon so vai céc nghién ciu trirge day. Ban canh
viec xay dung ma hinh, bang cach so sanh ddi trong cia cac bign
trong ma hinh du bao, nghién ctu nay xac dinh mic da quan trong
ciia cac bign dau vao trong xac dinh kha nang chiu lyc bam dinh giira
bé tong cdt thep va vat ligu FRP gia cuang.

Tir khéa: Luc bam dinh giita FRP va bé tong cdt thep; vat ligu FRP;
ma hinh may hoc; tdi wu hoa; trinh tdi wu hoa tim kigm sira.

1. GIGI THIEU

Trong thdi gian qua & Viét Nam va trén thé gidi da c6 nhiéu mé hinh
du bao kha nang lién két gitta cac mat ctia FRP véi bé tong (Hinh 1). Nam
2023, Lé va cac cong sy da cong bé nghién cuiu vé xay dung moé hinh
hoc may mai dé tao ra hiéu suat tét hon va chinh xac hon dé tim ra mé
hinh t6i uu d€ du doan kha nang lién két clia vat liéu FRP [1].

Tuy nhién, cdc mé hinh dugc st dung la cdc mo6 hinh hoc may
(ML) don lé khong dugc danh gia cao nhu cac moé hinh lai hay mo
hinh hén hgp. C6 nhiéu phuong phap hoc may, chdng han nhu
mang nd ron ham co s& xuyén tam (RBFNN) hay phuang phap héi
quy vecto hé trg binh phucng nhé nhat (LSSVR), c6 thé dugc két
hop dé tao ra mot mé hinh t8ng thé maéi mang lai hiéu suat tét hon
dang ké so v6i cac mé hinh canh tranh. Tinh uu viét clia cac mé hinh
ML téng hgp so véi cac mé hinh ML don & da dugc chiing minh
trong viéc gidi quyét nhiéu van dé thuc té trong céng trinh dan
dung, chdng han nhu udc tinh cudng do nén bé téng [2], udc tinh
cudng dé cat cla dat [3], va cac ing dung khac nhau trong cac linh
vuc khac.
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ABSTRACT

This study is dedicated to developing a learning model for predicting the
adhesion force between reinforced concrete and Fiber Reinforced
Polymer (FRP) materials. The hybrid model, named Jellyfish Search
(ptimized Weighted Feature Stacking System (JS-WFSS), is constructed
using a weighted stacking system optimized through jellyfish search. The
analysis results clearly indicate that the JS-WFSS optimized hybrid model
demaonstrates a higher level of prediction accuracy compared to previous
studies. Beyond model construction, this study assesses the significance
of input variables in determining the bearing capacity between concrete
materials and reinforced FRP material by scrutinizing the variable
counterweights within the predictive model.

Keywords: Adhesion between FRP and concrete; FRP materials;
machine learning model; optimization; jellyfish search optimizer.
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Hinh 1. Cac thanh phan trong thi nghiém kiém tra luc bam dinh clia mot tam FRP [1].
Do do, viéc tao ramot mo hinh téng hgp st dung tap ditliéu thir
nghiém, cdc mé hinh ML c6 thé dugc dao tao dé tao ra cac cong cu
tinh toan cé dung lugng lién két nhanh hon, déng tin cdy hon va it
tén kém hon so véi cac cong cu lién két. Hon nia, vdi viéc st dung
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nhiéu d liéu hon cho qua trinh dao tao, cdc m6 hinh ML c6 thé dat
dugc muc d6 téng quat héa cao hon, hiéu suat t6t hon nhdm ting
cudng dod chinh xéac dé€ du doan kha nang lién két cta vat liéu FRP
va bé tdng c6t thép la muc tiéu clia nghién ctu nay.

2. TONG QUAN NGHIEN CUU

2.1 Ciu tao cia FRP

Composite Polyme c6t sgi (FRP) dugc dinh nghia la moét loai
polyme dugc gia c6 bang sgi. N6 dai dién cho mét loai vat liéu thuéc
danh muc dugc goi la vat liéu composite. Vat liéu tdng hop dugc tao
ra bang cach phan tan cac hat ciia mot hodc nhiéu vat liéu trong
mot vat liéu khac, tao thanh mét mang Iudi lién tuc xung quanh
chung.

Vat lieu t6ng hop FRP khac véi cac vat lieu xdy dung truyén
théng nhu Thép va Nhéom. Vat liéu téng hop FRP la di hudng trong
khi Thép va Nhoém la ddng hudng. Do d6, tinh chat clia chung la c6
hudng, nghia la cac tinh chat co hoc t6t nhat la theo huéng dat sgi.

FRP dugc cdu tao ti 2 thanh phan chinh la soi va vat liéu lién két
Cac sai.

e Soi: Carbon, Glass va Aramid la ba loai sgi chinh dugc s dung
trong xay dung [4]. H6n hgp thudng dugc dat tén theo soi gia
cudng, vi du, CFRP cho Polyme cét sgi carbon. Cac tinh chat quan
trong nhat khac nhau gitra cac loai soi la dé ciing va dé cang kéo.

e Lién két: Lién két sé truyén luc gilta cac sgi va bao vé cac soi
khoi cac tac dong bat Igi. Nhua nhiét rdn (thermoset) hau nhu dugc
sir dung. Vinylester va epoxy la nhimng chét lién két phé bién nhat
[4].

2.2 Tinh chat cGa FRP

FRP nhu mét giai phap thay thé cho c6t thép trong cac cau kién
két cdu bé tong vé do bén nén, cat, uén va kéo doi vai cac diéu kién
mai trudng va tai trong khdc nghiét. FRP ciing cé chic nang nhu ¢t
thép lién két bén ngoai dé tang cudng luc cho cac két cau thép, gb,
bé téng va khéi xay [5].

Tinh chat ca hoc cla vat liéu téng hgp FRP phu thuéc vao ty 1é
sgi va vat liéu lién két, phuong phép san xuat, dac tinh co hoc cla
vat liéu cdu thanh va huéng cla sgi qua nén.

Cudng d6 nén: CFRP (Polyme sgi Carbon) va AFRP (Polyme soi

Aramid) c6 cudng d6 nén cao nhat va thap nhat hoan toan doc lap
50 v&i cac hgp chat FRP dién hinh khac [6]. Tuy nhién, do bén sé ting
cao néu cac sgi bazan dugc dat trén mat hodc dugc cung cap bang
cach thay thé cac I16p théng qua vat liéu téng hop tao thanh hinh
banh sandwich. Dd bén nén cla sgi goc epoxy 16n hon soi géc
polyester, cho thdy d6 bén clia composite nén polyester dudi dang
ma tran khong c6 hodc c6 chat don thap hon so vai sgi géc epoxy.
D6 day I6p FRP tang cudng hiéu qua cudng dé chiu nén clia cac
vung cdu kién bé téng tang cudng [7].

Suic chéng cat: C8t thép chiu cat cho cac cau kién bé téng c6t
thép c6 thé dugc tao ra thong qua lién két epoxy véi cac sgi song
song hau nhu c6 thé chiu dugc cac iing suat kéo chinh. Phan 16n cac
thanh c6t thép FRP c6 d6 cling hodc mé dun dan héi thap. D6 cing
thap cho thdy su can thiét clia cac phan t sau hodc gia c6 thém dé
giam d6 vong dai han va gidm bé rong vét nuit.

D6 bén chiu udn: Nhiéu nghién ctru da kiém tra cac tham sé va
bién s6 anh hudng dén dé bén uén cda vat liéu téng hop FRP, chdng
han nhu chiéu dai sgi, ham lugng chat két dinh, xUr ly nhiét va kich
hoat sgi trudc khi tao. D€ tang cudng dé uén, cac thanh cot thép va
tdm FRP dugc st dung dé lién két cdc mat chiu luc cta gb, bé tong
va khéi xay. Cudng do chiu tai da dugc tang cudng téi 40% bang
cach tang cudng céac thanh phan chiu uén.

Suc cang: FRP dugc Ung dung lam chét gia c6 bén trong va gia
cudng bén ngoai cho cac cau tric bé tdng cot thép (BTCT) st dung
soi téng hgp trong ma tran polyme, dé cung cip dod bén kéo 16n
theo hudng song song véi hudng sgi [8]. Cac sgi dugc sap xép
thang, song song va lién tuc théng qua mot ma tran [9]. Tuy nhién,
néu Ung suat xuyén tam bat dau Ién hon cudng d6 chiu kéo trong
cdu kién bé tong, cac vét nut sé phat trién va lién két gitia bé tong
va c6t thép bi anh hudng nghiém trong [10].

3. THU THAP VA XU' LY SO LIEU

Dt liéu dugc thu thap st dung tir hai nghién cdru trudc bao gom
nghién ctfu cda Lé va cac cong su (2023) [1] va nghién ctu ctia Wang
va cac cdng sunam 2022 [11]. Dir liéu bao gém 855 mau vé kha nang
chiu luc cta vat liéu bé tdng cot thép va vat liéu FRP gia cudng (Hinh
1vaBang1).

Bdng 1: Cac m6 ta théng ké lién quan dén tiing bién s6 trong bo dit liéu [1, 111.

Gt e G Pé léch
STT Dién giai ndi dung Biénsé Kyhiéu Donvi nhoé ) - trung .
2 I6n nhat N chuan
nhat binh
1 Chiéu réng ctia mat bé téng X1 be mm 80 500 144,3 57,638
2 Cudng dd chju nén cua bé téong X2 fe MPa 8 75,5 39,54 15,216
3 M6 dun dan hoi cia tdm FRP X3 Es GPa 22,5 425,1 204,8 78,141
4 Chiéu day ctia tdm FRP X4 te mm 0,083 4 0,51 0,572
5 Chiéu rong ctia tdm FRP X5 br mm 10 150 57,52 26,392
6 Chiéu dai ctia tam FRP X6 Lt mm 20 400 172,97 101,021
7 Kha nang chju luc Y Pu kN 2,4 56,5 17,8 10,4
4. LY THUYET CO SO mo hinh hoa d liéu.
4.1 Phuong phap hoc may
4.1.1 Mang than kinh co s& xuyén tam RBFNN (Radial basis y= ZW X X(""‘“ ||)+b m
function neural network) -
Mang than kinh co s& xuyén tam (RBFNN) la mot loai mang ”x—u. ’
than kinh nhan tao (neural network) dugc st dung trong cac bai 9, (x) = exp _—/2 )
toan hoc may. RBFNN c6 khd nang hoc nhanh, c6 kha néng xt ly 2x0,

cac mo hinh phi tuyén tinh (nonlinear), tuong déi doc lap véi cac
tap di liéu 16n va kha nang giai quyét cac tac vu phc tap trong

S8 lugng té bao than kinh an (N,) va d6 rong ctia nut RBF (on)
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déu anh hudng dang ké dén hiéu sudt ctia RBFNN. Ny, va on dugc toi
uu hoa bdng thuat toan t6i uu hoa hiéu qua (dung ly thuyét téi uu
héa JS) dé tao m6 hinh RBFNN t6t nhat.

4.1.2 M hinh héi quy vector hé trg binh phuong nhé nhat
LSSVR (Least squares support vector regression)

Mo hinh héi quy vector ho trg binh phuong nhé nhat (LSSVR) la
mo hinh tim ki€ém mot siéu mat phéng t6t nhat phan tach cac diém
d liéu trong khéng gian déc trung.

Két qua mo hinh LSSVR dé udc lugng ham:

fx)=2,_ ¢ K(xx )+b 3)

Trong d6 oy (k = 1,2, ...,n)biéu thi cac hé s6 nhan Lagrange,
K(x, %) biéu thi ham nhan va x 1a moét vectas dau vao dé du doén
[12].

i

2
||x. N " 4

K (x,+x,)=exp E:
2

el
trong d6 biéu thi khodng cach Euclide binh phucng
gilia cac vecto va o la chiéu rong hat nhan, la tham sé mién phi.

4.1.3 Mé hinh hén hop stacking (xép chéng)

Cac mé hinh t6 hgp stacking (x€p chéng) 1a mét mé hinh hai giai
doan va mé ta nguyén ly ctia mé hinh t8 hop stacking [13]. Trong
giai doan 1, méi mé hinh don lé du doan mét gia tri dau ra. Sau do,
céc két qua dau ra nay dugc st dung lam dau vao dé dao tao lai mé
hinh bdng cac ky thuat hoc may, nham dua ra siéu du doan trong
giai doan 2. C6 bén mo hinh xép chong bao gém: ANN (ANN, SVR,
CART, LRR); SVR (ANN, SVR, CART, LRR); CART (ANN, SVR, CART, LRR);
LRR (ANN, SVR, CART, LRR).

N6 c6 thé dugc mé ta béing toan hoc 1a M : R — R, va méi quy
trinh s&t dung mé hinh déi tugng hoc ca s& dé tao ra mé hinh udc
tinh M¢(.). Mét udc tinh bang cach sit dung mo hinh co sé tap
hap M.(.) cé dugc bang mé hinh siéu d6i tuong hoc clia cac mo
hinh riéng Ié.

Y=M, [% (X, Y2 (X, Vit (X), Yk (X)} (5)

4.1.4 M hinh hén hgp stacking gan déi trong (xép chéng)

Bang cach gan ddi trong vao cac bién, mé hinh nay visa ap dung
dé du béo vira thédng qua déi trong dé biét dugc muic d6 quan trong
cla cac bién cau thanh mé hinh. Nguyén Iy ctia mé hinh xép chéng
gén doi trong dugc trinh bay duai day.

Y=M, Pl W.X), Y2 (WX),.... Vi (W X), Y (W.X)}

WXy WX WaXiq i 6)
W, .X. w,.X w,.X V.
1-%21 2% ' X2a \ 2
X=| . . ) va Y=|".
Wl 'xn] W2 ‘an o Wd 'xnd yn

4.2 Ly thuyét t8i vu héa tim kiém sua (Jellyfish Search - JS)

Trinh t&i uu héa tim ki€m stra nhan tao (JS), 1a mot thuat toan
t6i uu hoa siéu moé phong mai dugc lay cdm hing tur hanh vi cda
sta bién khi ching tim kiém thuc an trong dai duong dugc phat
trién bai J-S Chou va D-N Truong (2021) [14]. Thuat toan nay dugc
thiét ké dé€ giai quyét cac bai toan téi uu hda phuc tap, noi ma cac
phuong phap t6i uu hoa truyén théng khéng thé hoat dong hiéu
qua. Tim kiém stta dua trén ba quy tac ly tudng hoa [14]: tham do,
khai thac va t6i uu héa.

4.2.1 Dong hai luu - Ocean current

Hudng clia dong hai luu (xu huéng - trend) dugc xac dinh bang
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cach ldy trung binh tat ca cac vecta tir mdi con stra trong dai duong
dén nhing con sta hién dang & vi tri tot nhat [14].

trend = X' — B xrand(0,1)x u (7)
X, (t+1)= X, (t)+rand(0,1) x trend 8)

Trong d6 trend : Xu huéng hodc khuynh huéng; X' : La vi tri clia
con sUa o6 vi tri t6t nhat trong bay; [ : La vi tri trung binh cula tat ca
cac con slfa; g > 0: La hé s6 phan phai cé lién quan dén do dai cta
xu hudng (trend). TU két qua phan tich d6 nhay dua trén cac thi
nghiém s6 thu dugc B =3 [14]

Bay gid, vi tri mai cia méi con stia dugc xac dinh bdi

X, (t+1)=X;(t)+rand(0,1)x trend

=X, (t)+rand(0,1)x (X* — Bxrand(0,1)x y)

Trong do: X, (t+1): La vi tri m&i cla con sta; X, (t): La vi tri cla

)

con sUa thir i tai thoi diém t; rand (0,1) La hang s6 ngau nhién tang
tw0dén 1.

4.2.2 Pan sua - Jellyfish swarm

Trong mét dan, stra thé hién chuyén déng thu déng (loai A) va
chli d@éng (loai B). Ban dau, khi dan mdi hinh thanh, hau hét sita biéu
hién chuyén déng loai A. Theo thdi gian, ching ngay cang thé hién
chuyén déng loai B. [14].

X (t+1)= X (t)+ y xrand(0,1)x (U, — L) (10)

Trong d6 U, va Ly lan lugt 1a gidi han trén va dudi ciia khong gian
tim kiém; y>0 1a hé s6 chuyén déng lién quan dén do dai chuyén
déng xung quanh vi tri cla sta y=0,1; va rand (0,1) la hang s6 ngau
nhién tang tir 0 dén 1.

Cong thiic (11) va cong thiic (12) moé phéng hudng chuyén dong
va vi tri cdp nhat clia mét con sta. Su di chuyén nay dugc coi la mét
cach khai thac hiéu qua khong gian tim kiém cuc b6 [14].

X, (t+1)= X, (t) +rand(0,1) x direction (11)
X (0)—-X,(t) khi f(X)=[(X))
X0~ X,(t) khi' (X)) < (X))

4.2.3 Co ché kiém soat thai gian
Co ché kiém soét thai gian dugc gidi thiéu dé€ mé phoéng
va kiém soat chuyén ddng cuia sua gitia viéc di theo dong hai luu va
di chuyén bén trong bay sua.

direction = (12)

c(t) = (13)

(1— ! ]x[2><rand(0,l)—l]
Max,,,

Trong d6 bién t la thoi gian dugc chi dinh 1a s6 lan 1dp. S6 1an lap
t6i da Maxicer 1a mOt tham sé dugc khdi tao. Tuong tu nhu ham c(t),
ham [1- c(t)] dugc sir dung dé mé phéng chuyén dong bén trong
bay dan (loai A hoac B).

4.3 Mé hinh lai téi uu héa WFSS (Jellyfish search optimized -
weighted featune stacking system)

So d6 hoc may dua trén xép chdng (Stacking) c6 thé dugc st
dung trong nhiéu bai toan khac nhau, dem lai két qua tét hon so voi
viéc sir dung mét mé hinh don 1& dé giai quyét bai toan. Tuy nhién,
viéc xay dung so d6 hoc may Stacking cling doi héi su két hgp linh
hoat va tinh t& clia cdc mé hinh hoc méy khac nhau dé dat dugc hiéu
qua téi uu.

Thuat toan Jellyfish la mot thuat toan hoc may méi dugc phat
trién gan day, cé kha nang x(r Iy cac bd dit liéu 16n va phc tap.
Viéc tich hgp Jellyfish vao trong mé hinh Stacking sé giup dat
dugc do chinh xac va do tin cay cao hon trong viéc du doan kha
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nang chiu lyc bam dinh cla vat liéu FRP gia cuong bé tong. Tuy
nhién, viéc diéu chinh cac tham sé clia cac bé phan loai co ban
va meta-bdng cach st dung mét ky thuat téi uu héa thong sé cé
dinh c6 thé dan dén viéc kho khan trong viéc can bang hiéu suat
cla ching, gy anh hudng dén hiéu sudt téng thé cla hé théng
Stacking [15]. Vi vay, nghién ctu nay dé xuat mot hé théng
Stacking mdi c6 trong s6, két hop véi bo téi uu hoa JS dé diéu

C Bit dau >—> Dit liéu dugc chuan hoa

Phan chia dir liéu:

10-fold cross validation

chinh siéu tham s& ctia m6 hinh Stacking nham cai thién hiéu
suat dy doan. Cac siéu tham s6 cla moét hé théng tap hop
Stacking bao gém C, y cia mé hinh hoc may LSSVR; Nn, on cla
mo hinh hoc may RBFNN dudi dang base-learner; trong s6 W |a
suanh hudng cta cac yéu t6 dau vao va Cc, yc ctia mé hinh LSSVR
dugi dang meta-learner. D6 chinh xac du doan clia hé théng
dugc dé xuat phu thudc rat nhiéu vao cac siéu tham sé nay.

Khoi tao: Khéng gian tim
kiém, quy mo dan so va so
lan lap lai

I

v 4‘ Téi uu hoa jellyfish search ‘

Dit liéu kiém tra Dix liéu hoc | *
(Test data) (Learning data)
Tiéu chi dimng
Phan chia dit liéu da?
: ,
D1r liéu xac thuc Dir liéu dao tao v
— (Validation data) (training data) Siéu tham sé. d6i trong d
3 ong dugc

(30%) (70%) =T t6i wu hoa

]

!

M5 hinh t6 hgp dao tao MLy +—————

Xac dinh siéu tham s6, di

M5 hinh t6 hgp dao tao

trong ML

|

!

> Du bao ye(van

Panh gia ham muc tiéu
(i.e., MAPE)

Két qua du doan y gearn)

C Két thiic D<—

Panh gia hi¢u suit

Két qua dyu doan }7\(‘“()

Hinh 2. Cau triic cia mo hinh lai JS-WFSS.

Xac dinh chinh xac cac gia tri ctia (C, y, N, On, C¢, Yo, W) la mot
van dé clia t6i uu hoa dugc giai quyét hiéu qua va tét nhat bang
thuat toan JS. Do d6 dé gidi quét van dé nay, nghién ctru nay dé xuat
hé théng dugc tich hgp goi la Jellyfish search optimized-weighted
featune stacking system (JS-WFSS) la hé théng xép chong nhan
trong s6 dugc téi uu hda bang thuat toan tim kiém sta. Qua trinh
xay dung va danh gia ca mé hinh nay dugc thé hién qua Hinh 2.

Pau vao cla hé théng la cac tham s6 diéu khién cua trinh téi uu
héa JS, day la kich thudc ctia tap dt liéu va sé 1an 13p téi da, cac gidi
han dudi va gidi han trén cta siéu tham s6 ctia mé hinh lai JS-WFSS
va dit liéu ma dugc st dung dé xay dung mé hinh du doan dugc
trinh bay trong Bang 2.

Ham muc tiéu cla JS-WFSS dugc dé xuat xac dinh nhu sau:

[ (hyperparameters, W) = MAPE "8 process (14)

Validation process

Trong d6 hyperparameters la siéu tham sé (C, y, Nn, 0n, Cq, Yo), va
déi trong la W la (w1, w2,..., w6) cho md hinh LSSVR trong meta-
learning.

Pau tién, 90% va 10% d liéu dugc gan tuong Ung cho tap di
liéu hoc tap va tap dir liéu thir nghiém. Sau d6, 70% d(r liéu hoc tap
dugc st dung dé huan luyén cho mé hinh JS-WFSS va 30% dt liéu
hoc tap con lai dugc st dung dé xac thuc cac siéu tham s6 ctia mo
hinh JS-WFSS.

Sau khi cac tham s6 (C, y, Ni, 0n, Ce, Yo, W) dugc diéu chinh béng
thuattoan JS, chung dugc sttdung dé huén luyén hé théng Stacking
ban dau (SS) bang céch st dung b dit liéu hoc tap trong khi dir liéu
th nghiém dugc st dung dé danh gia hiéu suat cla hé théng
Stacking da huan luyén.

Bdng 2: Cac mo ta théng ké lién quan dén tiing bién sé trong bo dit liéu

Tham sé Miéu ta ndi dung Gigi han dugi Gigi hantrén

Npop Quy mo clia dan sua 50
MaxXiter S6 lan 13p hoac tiéu chi ding 20

C Hang s6 chuan hoa trong base-learner 1072 10

\% Tham s6 RBF trong base-learner 102 108

Nn S8 lugng té bao than kinh an trong base-learner 1 400

On Tham s& RBFNN trong base-learner 107 200

Ce Hang s6 chuin héa trong meta-learner 102 10"

\Z Tham sé RBF trong meta-learner 103 108

w Doi trong 10* 10°
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NGHIEN COU KHDA HOC

4.4 Panh gia m6 hinh

4.4.1 Xac thuc chéo k-fold

DE& gidm thiéu sai léch lién quan dén di liéu dao tao va th
nghiém dugc 1dy mau ngau nhién, hiéu suat du doan thuong dugc
xac nhan bang cach sir dung phuong phéap xac nhan chéo k lan. Vi
xac nhan chéo chi dinh ngau nhién cac trudng hop riéng lé cho cac
nép gap riéng biét, nén ban than cac nép gap nay thuong dugc
phan tang. Vi 10 dugc coi la sé lan gap t6i uu [16], xac nhan chéo
mudi lan dugc st dung & day dé danh gia tinh nhat quan du doan
cla hé théng.

4.4.2 Cac chi s6 hiéu suat danh gia mé hinh

Trong nghién ctu nay, nam chi s6 hiéu sudt néi tiéng duoc si
dung dé danh gia kha nang du doén ctia hé théng dugc dé xuat [17,
18] strdung @€ danh gia do chinh xac cia du doan.

Cac chi s6 nay bao gém: hé sé tuong quan tuyén tinh (R), can
bac hai clia sai s6 binh phuong trung binh (RMSE), sai s6 trung binh
tuyét d6i (MAE) va phan trdm sai s6 trung binh tuyét d6i (MAPE) [19].

5. KET QUA VA THAO LUAN

5.1 Két qua va danh gia mé hinh

K&t qua qua dao tao va kiém tra clia cdc mé hinh dugc thé hién
trong Bang 3. M6 hinh lai JS-WFSS dugc xay dung cho két qua hiéu
sudt danh gia t6t nhat so véi mé hinh don va moé hinh hén hop vai
R (0,951), MAE (2,092 kN), RMSE (0,264 kN) va MAPE (12,8%).

Cac két qua du doan ctia mo hinh JS-WFSS dé xuat cling dugc so
sanh cho két qua t&t hon cac nghién ctiu trudc, nhuthé hién trong Bang
4. Két qua &Bang 4 co gia tri RMSE cai thién 93% chi s6 RMSE va t6t hon
18% & chi s6 MAPE so véi nghién ctu da céng bé trudc.

Nghién ctu nay gidm thi€u du doan 16i it hon cac nghién ctu
trudc, cu thé &tiéu chi MAPE déi véi phuang phép JS-WFSS la 12,8%
50 vGi phuong phap nghién cdu t6i uu kha nang lién két gitia cac bé
mat FRP vGi bé tong gan nhat la 15,56% cla tac gia Wei-Chih Wang
va cac cong su [11]. Cac két qua théng ké cho thdy mé hinh JS-WFSS
¢6 nhiéu uu diém néi trdi han so véi cac phuong phap ti€p can toan
hoc trong du doén kha nang lién két gita FRP va bé téng.

Bdng 3: Téng hagp céc chi s6 danh gia hiéu sudt va x&p hang ctia tt ¢ mé hinh.

Learning Test

Mo hinh R MAE RMSE MAPE R MAE RMSE MAPE Sl (Rank)

(kN) (kN) (%) (kN) (kN) (%)
M6 hinh don
CART[1] 0,953 2,052 3,113 26,284 0,924 2,73 3,98 34,85 0,8202 (3)
Mé hinh hén hop
Voting ANN - CART [1] 0,948 2,641 3,483 33,841 0,917 3,07 4,15 39,22 1,000 (5)
Bagging CART [1] 0,971 1,733 2,531 22,199 0,948 2,25 3,34 28,72 0,445 (2)
stacking SVR - (ANN, SVR, CART, LR) [1] 0,958 2,072 3,028 26,542 0,922 2,75 4,06 35,14 0,851 (4)
M6 hinh lai (mé hinh dé xuat)
JS-WFSS 0,971 1,707 0,000 11,0 0,951 2,092 0,264 12,8 0,000 (1)

Bdng 4: Bang so sanh tiéu chi danh gia hiéu suat RMSE.

Tacgia RMSE (kN)
Holzenkampfer, (1994) [11] 7,96
Tanaka, (1996) [11] 13,48
Maeda (1997) [11] 5,28
Neubauer and Rostasy, (1997) [11] 6,17
Khalifa, et al., (1998) [11] 6,94
Niedermeier, (2000) [11] 8,79
Nakaba, et al., (2001) [11] 5,57
Yang, etal., (2001) [11] 6,18
Teng, etal., (2002) [11] 5,61
Monti, et al., (2003) [11] 6,91
Japan Concrete Institute, (2003) [11] 6,34
Lu, (2004) [11] 5,56
Dai, et al., (2005) [11] 9,79
Wu, et al., (2009) [11] 5,46
Wu and Jiang, (2013) [11] 5,06
Zhou, (2020) [11] 6,36
Wei, et al, (2022) [11] 3,99
JS-WFSS (mé hinh dé xuat) 0,264

5.2 Danh gia vé trong s6
Nghién ciu nay ngoai viéc tap trung vao xay dung mo hinh hoc
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may du bao kha nang chiu luc bam dinh cuda vat liéu FRP gia cuong
bé tdng ma con xac dinh miic d6 quan trong clia cac yéu t6 dau vao.

Cac trong s6 ti W1 dén Ws dugc dp dung dé tim ra mai lién hé
va dé anh hudng gila cac yéu t6 dau vao véi yéu té dau ra la kha
nang chiu lyc bam dinh cda vat liéu FRP gia cudng bé téng.

Bang 5 thé hién két qua thuc té clia cac trong s6 dugc tim thay
trong 10 1an chay, cac két qua thé hién thd hang cla cac trong s6
khi @& dugc chudn héa dé tim ra @6 dnh hudng cla cac yéu té dau
vao. Theo két qua xép hang clia cac trong s6 ta cé thé thdy nadm bién
sO quan trong nhat khi xay dung mé hinh du bao kha néng chiu luc
bam dinh gilta vat liéu bé tong c6t thép va vat liéu FRP gia cudng.
Cu thé: M6 dun dan héi clia tdm FRP gia cudng c6 dnh hudng 16n
nhat dén kha nang chiu luc bam dinh gitta FRP va bé tong. Xép thu
2 la d6 day ctia tdm FRP gia cudng. Chiéu réng mat bé téng anh
hudng dén kha nang bam dinh gitra tam FRP gia cudng véi bé tong
& vitrithi 3. Xép thir 4 la chiéu réng cia tam FRP. Cudi cling la chiéu
dai tdm FRP.

Két qua nham phuc vu xem xét muc d6 quan trong dé tinh toan
thiét ké, t6i uu hda va st dung hiéu qua vat liéu FRP gia cudng dua
trén muc d6 quan trong clia tiing yéu té dau vao.

6. KET LUAN

Nghién ctiu nay xay dung mét mé hinh c¢6 thé st dung nhiéu
thuat todn hodc ky thuat khac nhau dé tang pham vi khai quat cho
cac mau du doan trong dir liéu nham nang cao hiéu suat tinh toan.
Mé hinh JS-WFSS c6 két qua danh gié hiéu suat tét nhat, gidm thiéu
van dé nhiéu va thi€u dit liéu manh mé han so véi mé hinh don hay
mo hinh hén hgp. Bang céch st dung céc thuat toan hodac ky thuat
khéc nhau, né it c6 khd nang bi anh huéng béi cac diém dii liéu riéng
1& c6 thé gay ra 16i hodc sai léch trong du doan.
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Bdng 5: K&t qua chuidn hoa cla cac trong s6 dai dién cho cac bién dau vao.

w1 w2 w3 w4 w5 weé
Sélan b. fe Es te bs Ls
1 1,0000 0,1052 1,0000 0,4820 0,5965 0,1014
2 0,9713 0,1160 0,0000 0,9943 0,9193 0,0746
3 0,1429 0,1079 0,8838 0,9972 0,1688 1,0000
4 0,9962 0,8427 1,0000 1,0000 1,0000 0,8714
5 0,0000 0,0000 0,1193 0,0000 0,9279 0,0000
6 0,7780 0,0354 1,0000 1,0000 1,0000 0,2978
7 0,7628 0,4005 0,9998 0,7226 0,9572 0,9043
8 0,8883 0,7226 0,8828 0,9519 0,7409 0,3519
9 1,0000 0,6896 1,0000 0,5846 1,0000 0,7473
10 0,7797 1,0000 1,0000 0,7448 0,0000 0,5041
Trung binh 0,7319 0,4020 0,7886 0,7478 0,731 0,4853
Xép hang 3 6 1 2 4 5

Ngoai ra, m6 hinh con phan tich d6 quan trong cla cac thuéc
tinh. TU su két hgp cta nhiéu mé hinh khac nhau, mé hinh lai JS-
WFSS sé giup chuing ta phan tich d6 quan trong clia cac thudc tinh
va dua ra nhing giai phap xt ly dé tang cudng kha nang lién két ctia
FRP va bé tong.

Nghién ctu nay tap trung vao xay dung va so sanh cdc mo hinh
hoc may khac nhau dé€ du bao luc bam dinh gilra vat liéu bé téng
c8t thép va vat liéu FRP gia cudng, két qua dugc so sanh véi cac
nghién ctu da dugc cong b trude day. Tiéu chi MAPE déi vdi
phuong phéap JS-WFSS 1a 12,8% so véi phuong phap nghién cuu téi
uu kha nang lién két gilta cac bé mat FRP véi bé tong gan nhat la
15,56% clia tac gia Wei-Chih Wang va cac cong su [11]; § tiéu chi c6
gia tri RMSE cai thién 93% chi sé RMSE va tét hon 18% & chi s6 MAPE
50 v&i nghién cru da cong bé trudc.

Bén canh viéc xay dung mo hinh, bang cach so sanh d6i trong
cUa cac bién trong mé hinh dy bao, nghién ctu nay xac dinh muc
dé quan trong cla cac bién dau vao: (1) moé dun dan héi, (2) d6 day
tam, (3) chiéu rébng mat bé téng anh hudng, (4) chiéu réng tam va
(5) chiéu dai tdm FRP trong xéac dinh kha nang chiu luc bam dinh
gilta FRP gia cudng bé tong.

T6ém lai, nhimng két qua thuc nghiém nay da cho thdy Mo hinh
JS-WFSS c6 kha ndng vuat trdi hon hén so véi cac phuang phap
truyén théng va cac mé hinh hoc may da dugc nghién ciu trudc day
vé du doan kha nang chiu luc bam dinh gitia vat liéu bé téng cét
thép va vat liéu FRP gia cudng.

TAI LIEU THAM KHAO

[11. Le, M.-T., et al., Building a machine learning model to predict adhesion force
between reinforced concrete and FRP material. Journal of Construction, 2023. 10: p. 60-65.

[2]. Chou, J.-S., et al., Machine learning in concrete strength simulations: Multi-nation
data analytics. Construction and Building Materials, 2014. 73: p. 771-780.

[3]. Chou, J.-S., et al., Bio-inspired optimization of weighted-feature machine learning
for strength property prediction of fiber-reinforced soil. Expert Systems with Applications,
2021.180: p. 115042.

[4]. Contractor, T. Fibre Reinforced Polymer (FRP) in Construction, Types and Uses. 2022;
Available from: https://theconstructor.org/concrete/fibre-reinforced-polymer/1583/.

[5]. Abbood, LS., et al., Properties evaluation of fiber reinforced polymers and their
constituent materials used in structures—A review. Materials Today: Proceedings, 2021. 43: p.
1003-1008.

[6]. Sahu, N.P., et al., Study on aramid fibre and comparison with other composite
materials. Int. J. Innov. Res. Sci. Technol. 1,2014. 7: p. 303-306.

[71. Zhou, J., et al., Experimental investigation of size effect on mechanical properties of
carbon fiber reinforced polymer (CFRP) confined concrete circular specimens. Construction and
Building Materials, 2016. 127: p. 643-652.

[8]. liao, H. and X.L. Zhao, CFRP strengthened butt-welded very high strength (VHS)
circular steel tubes. Thin-Walled Structures, 2004. 42(7): p. 963-978.

[9]. Cabral-Fonseca, S., Fiber Reinforced Polymer Composite Material used in Civil
Engineering. Laboratdrio Nacional de Engenharia Civil (LNEC, IPLisboa, Portugal), 2008: p. TR
6.2.

[10]. Mugahed Amran, Y.H., et al., Properties and applications of FRP in strengthening
RCstructures: A review. Structures, 2018. 16: p. 208-238.

[11]. Wang, W.-C., N.-M. Nguyen, and M.-T. Cao, Smart ensemble machine learner with
hyperparameter-free for predicting bond capacity of FRP-to-concrete interface: Multi-national
data. Construction and Building Materials, 2022. 345: p. 128158.

[12]. Chou, J.-S., K.-H. Yang, and J.-Y. Lin, Peak Shear Strength of Discrete Fiber-
Reinforced Soils Computed by Machine Learning and Metaensemble Methods. Journal of
Computing in Civil Engineering, 2016. 30(6): p. 04016036.

[13]. Wolpert, D.H., Stacked generalization. Neural Networks, 1992. 5(2): p. 241-259.

[14]. Chou, J.-S. and D.-N. Truong, A novel metaheuristic optimizer inspired by behavior
of jellyfish in ocean. Applied Mathematics Computation, 2021. 389: p. 125535.

[15]. Truong, D.-N. and J.-S. Chou, Fuzzy adaptive jellyfish search-optimized stacking
machine learning for engineering planning and design. Automation in Construction, 2022.
143: p. 104579.

[16]. Kohavi, R., A Study of Cross-Validation and Bootstrap for Accuracy Estimation and
Model Selection. 2001. 14.

[17]. Chou, J.-S., K.-H. Yang, and J.-Y. Lin, Peak Shear Strength of Discrete Fiber-
Reinforced Soils Computed by Machine Learning and Metaensemble Methods. 2016. 30(6): p.
04016036.

[18]. de 0. Santos Junior, D.S., J.F.L. de Oliveira, and P.S.G. de Mattos Neto, An
intelligent hybridization of ARIMA with machine learning models for time series forecasting.
Knowledge-Based Systems, 2019. 175: p. 72-86.

[19]. Chou, J.-S., et al., Evolutionary metaheuristic intelligence to simulate tensile loads
in reinforcement for geosynthetic-reinforced soil structures. Computers and Geotechnics,
2015. 66: p. 1-15.

ISSN 2734-9888 | 01.2024 XNAYOUNG 103



