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Nghien cuu toi uu hoa mang no-ron nhan tao 
de dir doan sue khang cat cua dam be tong gia co thep soi 
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TOM TAT: Vi^c sd dung thep spi trgn vao hdn hpp 
be tong da 6uac chdng mmh la lam t§ng dang ke 
sue khang cat cda nd. Viec tim ra tl l# tdi uu phu 
hop vdl muc dich sd dung cda be tong la mot bai 
toan kho, ddi hdi ph^i thuc hien nhieu thf nghidm 
ton kem Trong nghien cdu nay, nhdm tac gia ung 
dung thugt loan toi uu hoa bay dan (PSO) de toi 
uu mo hinh mpng no-ron nhan tao (ANN), tao ra 
cong cu dy bao ANN-PSO nham du doan sde 
khang cat cua dam be tong gia cd thep sQi De 
thuc hien viec mo phdng, 488 du lieu thf nghigm 
da dupe thu thap tu nhung cdng bo qudc te. B$ 
du heu bao gom ba nhom bien dau vao (kich thudc 
hinh hpc cda dam, thanh phan hdn hpp be tong, 
thong tin spi) va bien dau ra (sue khang c§t cua 
dam), Md hinh ANN-PSO va mo hinh ANN cung 
dupe xay dung len va so sanh nang lyc du bao 
Viec danh gja eac mo hinh dupe thuc hien va so 
sanh tren tap du lieu huan luyen (70% du lipu) va 
tap du lieu kiem chdng (30% du lieu eon lai) bang 
eac tieu chi' la he so tuong quan Pearson (R) va 
sai sd RMSE. Ket qu^ cda nghien cdu cho thay, 
mo hinh ANN cd the du doan chi'nh xac kh^ nang 
chiu eat tdi da cua dam be tong gia co spi thep 
Ngoai ra, mo hinh ANN-PSO (R = 0,95953, RMSE 
= 0,053003) cho nang lye du bao tot hon mo hinh 
ANN (R = 0,86982, RMSE = 0,084524) v6i cac 
chi so vupt troi hon, 

TL/ KHOA; Tri tue nhan tao (Al), mgng no-ron nhan 
tao (ANN), be tong cdt spi thep, sde khang cat, 

ABSTRACT: The use of steel fibers into the 
concrete mix has been proved to increase the 
performance of reinforced concrete significantly. 
Finding the optimal ratio appropriate to the 
intended use of concrete is a difficult problem, 
requiring many expensive experiments In this 
study, the authors applied herd optimization 
algorithm (PSO) to optimize artificial neural network 
model (ANN), creating ANN-PSO forecasting tool 
to predict the shear strength of reinforced steel 
beams and steel fibers. To perform the simulation, 

488 experimental data were collected from 
international publications. The data set consists of 
three groups of input vanables (beam geometry, 
concrete composition, fiber information) and 
output variables (shear resistance), ANN-PSO 
model and ANN model were built and compared 
forecasting capacity The evaluation of the models 
was made and compared on training data set 
(70% data) and control data set (30% remaining 
data) by critena of Pearson correlation coefficient 
(R) and root mean square error (RMSE). The 
results of the study show that the ANN model can 
accurately predict the maximum shear strength 
of reinforced steel beams In addition, the ANN-
PSO model (R = 0,95953, RMSE = 0 053003) 
provides better forecasting capacity than the ANN 
model (R = 0 86982; RMSE = 0,084524) with 
more superior indicators. 

KEYWORDS: Artificial Intelligence (Al), Artificial 
Neural Network (ANN), steel fiber reinforced 
concrete, shear strength 

I .DATVANOi 
Be tdng la vat lieu dUOc sddung phd bien nhattrong 

ITnh vUc xay dUng. Tuy nhien, be tdng thdng thudng cd 
cUdng dp chiu keo khi udn va dp ben d&o thap, khang 
ndt khdng cao, de bi pha hoai gidn. Nhdng nhugc diem 
nay cd the khac phuc bang each bo sung cac loai soi khac 
nhau, bao gdm sgi carbon, tong hop, thuy tinh hoac thep 
vao trong thanh phan cdt lieu. Cac loai sgi trdn them vao 
cd tac dyng thay ddi mdt sd tinh chat co ly cua be tdng. 
Cho den nay, be tdng cdt sgi da duoc dng dung phd bien 
va rpng rai tren the gidi. Trong sd dd, be tdng gia cd sgi 
thep (cdn goi la be tdng cdt soi thep - SFRC) dugc dng 
dung rat nhieu cho cac cdng trinh nhU mat dUdng d td, 
mat dudng san bay, ban mat cau dudng ham, giddn dinh 
mai ddc, san nha cdng nghiep, ketcau chiu tai trgng ddng 
bdi nd cd nhieu Uu diem ndi bat nhU: tang kha nang chiu 
tiii cua be tdng ngay ca trong trUdng hop cd vet ndt cua 
be tdng, giam chieu day tam be tdng, tang do ben, tang 
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kha nang chdng mai mdn va chi phi bao dudng thap. Dae 
biet, soi thep cd tac dung tuyet vdi trong viec tang cudng 
dng xd cat cua dam be tdng cdt soi thep [1 ]. Viec dudoan 
ve dng xd cat va cudng do cat trong dam be tdng cdt sgi 
thep lien quan den cac yeu to khac nhau va rat phdc tap. 

Cac thdng sd chinh lien quan !a cac thdng sd ve soi 
nhu ham lUpng spi, hinh dang soi, ty le khung sgi, do 
ben keo sgi, kich thUdc hinh hgc cua dam va thanh phan 
hon hgp be tdng. Cho den nay, tren the gidi da cd nhieu 
cdng trinh nghien cdu du doan sde khang cat cua dam 
SFRC bang each dUa ra cac phuong tr'inh toan hoc dUa 
tren cac ket qua thUc nghiem. Ben canh dd, cung cd mot 
sd phuong phap dua vao co che cua bai toan. Nhdng 
nghien cdu dang dupe de cap d day la cdng trinh dUa 
tren viec thay doi ly thuyet ve trUdng nen cho dam SFRC 
[2], hay md hinh khang nen kep hoae phuong phap tiep 
c§n dUa tren bien dang deo. Mdt sd each dep can theo 
hudng sda doi trudng nen da dugc thuc hien eho dam 
SFRC cd the ke den nhu viec viet lai cac phUong trinh 
CO hgc ket cau cua SFRC bi ndt [3,4], cac gia dinh ve vet 
ndt bj vd va dich ehuyen vet ndt trong SFRC [5], lap trinh 
hieu dng cua soi dUa theo phan mem VecTor2 [6], cac thi 
nghiem vdi tam SFRC [7], phat tnen md hinh tfnh toan ky 
thuat [8] de nang cap cac phien ban tinh toan theo cua 
ma md hinh sOi [9]. Hau het cac phuong phap dua tren 
viec sda doi trudng nen nay deu yeu cau viec lap trinh 
hoae sd dung cac md hinh tinh toan dua tren phuong 
phap phan td hdu han. Dieu nay khien cho viec tiep can 
Idi giai eua bai la rat khd khan. Cach tiep can theo md 
hinh khang nen kep danh gia kha nang chju tai cua be 
tdng trong vung nen va kha nang chiu keo cua SFRC. Han 
che cua nhdng phuong phap nay la cac gia dinh ve co 
hpe khdng phan anh tat ca cac cO che lam viec cua SFRC 
[10]. Cac md hinh dUa tren bien dang deo cOng da dugc 
de xuat trong nhieu cdng trinh nghien cdu khac nhau 
[11,12]. Cac ket qua dua ra dugc coi la hda hen, tuy nhien, 
ehung ddi hdi phai nghien cdu sau hon va kiem chdng 
nhieu hon nda. 

Trong nhdng thap ky qua, cd mdt phuong phap mdi 
da nhan dUOc rat nhieu sUchu y cua cac nha khoa hoc, dd 
la phuong phap Tri tue nhan tao (Al) dUa tren khoa hpc 
may tinh. Trong sd cac thuat toan Al, mang nO-ron nhan 
tao ANN gan day dang dUOc sd dung de md phdng cac 
van de ky thuat phdc tap. Md hinh mang no-ron nhan 
tao cd kha nang giai quyet dugc cac bai toan cd tinh phi 
tuyen, phdc tap va dae biet trong cac bai toan ma mdi 
quan he gida cac yeu td dau vao va dau ra khdng de dugc 
thiet lap mdt each tudng minh. 

Trong tat ea cac trudng hpp, mdt md hinh thd cilia 
ANN thudng duoc phat trien va huan luyen bang cac ky 
thuat tdi Uu hda. Cac thuat toan co dien nhU thuat toan 
lan truyen ngUOc (BP) da dupe de xua't ve co ban de dao 
tao ANN [13]. Tuy nhien, mang sd dung thuat toan nay 
tdn tai nhuoc diem: de roi vao diem cUc tieu cue bd doi 
vdi mang no-ron truyen thang sddung cac ham kich hoat 
phi tuyen [14]. De giai quyet nhuoc diem nay, cd the sd 
dung cae thuat toan tdi Uu hda nhu thuat toan gil l thuat 
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di truyen (GA) [15], tdi uu hda bay dan (PSO) [16] hoac 
thuat toan dan kien [17].Tinh nang tim kiem nghiem cua 
cac thuat toan nay cd the giup ciii thien nang lUc dU bao 
eua ANN trong mdt sd trUdng hop. Vi vay, muc dieh chinh 
cua bai bao nay la nghien cdu Ung dung mo hinh ANN sd 
dung thuat toan tdi uu hda bay dan (PSO) de dUdoan sde 
khang cat eua dam be tdng cdt sgi thep. 

2. THIET LAP M 6 H I N H DLT BAO 
2.1. Mang ntf-ron nhan tao (ANN) 
Mang ludi than kinh nhan tao (ANN) la mgt md hinh 

toan hpe duge thiet ke de thuc hien mdt nhiem vu cu 
the, dUa tren each thde hoat ddng gidng nhU bd nao 
cua con ngudi xd ly thdng tin, tdc la vdi su tro giup cda 
cae don vi xd ly (te bao than kinh). Cho den nay, ANN da 
duac sd dung thanh edng cho nhieu ITnh vUe trong cudc 
sdng [18]. Lien quan den xap xi chdc nang, eac giai phap 
dUa tren ANN thudng ehinh xac hon so vdi cae giai phap 
dugc cung cap theo phuong phap truyen thdng, nhu hdi 
quy phi tuyen da bien, ben canh do eung khdng ddi hdi 
kien thde tdt ve hinh dang ham duac md hinh hda. Cau 
true ANN dugc hinh thanh bdi ba hay nhieu Idp bao gom 
mdt Idp dau vao, mdt Idp dau ra va mdt hoac nhieu Idp 
an dupe md ta d Hinh 2.1. Ldp dau vao lay gia trj cCia dau 
vao va gdi ehiing den eae no-ron ed sSn trong Idp an. Ben 
trong moi nO-ron, mot tong dau vao cd trpng sd dUdc 
tinh toan va gia tri nay edng vdi gia trj sai lech dugc bien 
ddl bdi ham kich hoat. Cudi cung, tin hieu dau ra dUOc 
chuyen den eac no-ron d ldp tiep theo. 

Mang ludi than kinh can dugc dao tao de the hien 
hieu suat hieu qua. Dao tao cd nghTa la trgng sd va dd 
lech cua mang dugc xac dmh sao cho sai sd tdi thieu gida 
cac mye tieu (gia tri thUe te) va dau ra (gia trj mang) xiy 
ra. Do do, trong qua trinh dao tao cua cac mang lUdi than 
kmh, cae thuat toan lan truyen nguge (BP) thudng duge 
sd dung de huan luyen mang. Thuat toan Levenberg -
Marquardt (LMA) thudng la thuat toan lan truyen ngUge 
nhanh nhat trong dao tao edng ey. Do dd, LMA dugc ap 
dyng trong nghien cdu nay. 

r-vg 
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Hinh 2.1: Cau true mang ANN dien hinh 

2.2. Thuat toan Toi Uu hda bay dan (PSO) 
Tdi Uu hda bay dan la mdt thuat toan tien hda thdng 

minh duoc lay cam hUngtdmd hinh hda viee dan chim 
bay di dm kiem thdc an cho nen nd thudng dUOc xep vao 
cac loai thuat toan ed sd dyng tri tue bay dan.Thuat toan 
PSO dugc gidi thieu vao nam 1995 tai hdi nghi cua IEEE 
bdi James Kennedy va cdng su [16]. Thuat toan nay eduu 
diem la tdc do hdi ty rat nhanh trong sd cac thuat toan 
tdi Uu khac va ve co bim la lien tue. Do do, nd cd nhieu 



Ung dung quan trgng trong tat cii cac ITnh vdc ma d dd 
ddi hdi phai giiii quyet eac bai toan tdi Uu hda. 

Nhuda trinh bay d phan tren, qua trinh dao tao ANN 
dan den mdt van de tdi thieu hda cd the duge giai quyet 
bang eac thuat toan cd dien hoac thuat toan tdi uu hda. 
Trong md hinh lai ANN-PSO, PSO cd lien quan de giam 
thieu cae loi cua ANN bang each xac dinh cae gia tr| tdi Uu 
cho cac trgng sd va dd lech cua md hinh. Do dd, trong bai 
toan nay, eae bien la trgng sd va do lech va khdng gian 
khii thi cua bai toan phu thudc vao khoang thdi gian ma 
cae bien nay thay doi. 

3. PHATTRIEN M 6 HiNH 
3.1.Thu thap duTlidu 
Trong nghien cdu nay, 488 dd lieu thi nghiem ve 

dam SFRC da dUpc thu thap td tai lieu cdng bd tai cae tap 
chi uy tin tren the gidi. Md hinh ANN sddyng 16 bien dau 
vao bao gdm: (1) chieu rgng sudn dam (bJ; (2) chieu eao 
cua mat cat dam (H); (3) chieu cao ed hieu (d); (4) chieu 
dai nhip (L); (5) chieu dai chiu c^t (a); (6) chieu dai chju 
eat cd hieu (a^); (7) ham lUOng cdt thep (p); (8) cudng do 
chay cua thep (f); (9) ty le chieu dai chiu eat vdi ehieu 
cao cd hieu (a/d); (10) ty le chieu dai chju eSt cd hieu va 
chieu eao ed hieu (a/d); (11) kich thude Idn nhat cua edt 
lieu (D^J; (12) cUdng dd nen cua be tdng (f^); (13) ti le 
the tich sgi thep (V )̂; (14) ty le chieu dai/dudng kinh cua 
sgi ( l /dj); (15) dp ben keo eua spi (f,^„f,i,J; (16) he sd tinh 
ehat sgi (F). Tham sd dau ra duoc xet tdi la sde khang eat 
cua dam SFRC. Bd dd lieu dupe sd dung trong cdng viec 
nay dupe ehia ngau nhien thanh hai bddd lieu con bang 
each sd dung phan phdi thdng nhat, trong do 70% dd 
lieu tuong dng vdi 342 sd lieu duoe sd dung de dao tao 
cac md hinh ANN va 30% dd lieu cdn lai tUOng dng vdl 
146 sd lieu dUOc dung trong viee kiem chdng md hinh. 

3.2. Danh gia kha nang dU bao cua mo hinh 
De danh gia do ehinh xac cua md hinh ANN da phat 

trien, hai tieu chi dugc sd dung la he so tuong quan R va 
sai sd RMSE. Cdng thde tinh R va RMSE dUOc tham khao 
trong tai lieu trieh dan [19]. 

3.3. Cau true ANN 
Hieu qua cua eae md hinh ANN phu thudc vao cau 

true cua mang no-ron (NN), tdc la sd lugng cac Idp an va 
sd lugng te bao than kinh. Cau true ANN dugc lUa chgn 
de du doan sde khang cat eua dam be tdng cdt sgi trong 
nghien cdu nay gdm 3 Idp, trong dd: Idp dau vao gdm 
16 no-ron tuong Ung vdi 16 bien dau vao, Idp an gdm 10 
no-ron va Idp dau ra gdm 01 no-ron dai dien eho gia tn 
sde khang cat. 

4. KET QUA VA THAO LUAN 
Theo md ta d tren, hai md hinh ANN dugc xem xet 

trong nghien cUu nay. Md hinh dau tien la md hinh ANN 
cd trpng sd va dd lech dugc xac dmh bang thuat toan 
lan truyen ngUOc (BP), tUc la thuat toan Levenberg -
Marquard (LMA) va md hinh thU hai la md hinh ANN-PSO, 
dugc dieu chinh bdi thuat toan tdi uu hda PSO. Cau true 
md hinh gdm ba ldp vdi 10 nO-ron trong mdt Idp an duy 
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nhat da dugc ap dyng trong ea hai md hinh. Tat ea cae gia 
tri cua bai toan, bao gdm dau vao va ham muc tieu, duoe 
chuan hda ve khoang gia tri td 0 den 1 de giam thieu sai 
sd do md phdng tao ra. Trong eac bai toan du bao ndi 
ehung, nang lUe du bao eua md hinh la quan trpng nhat. 
Nd dugc the hien thdng qua cae chi tieu danh gia sai sd, 
nhuda trinh bay d phan trudc. Chinh vl vay, cae ket qua 
d nhdng phan tiep theo chi tap trung vao nhdng chi tieu 
danh gia cho phan kiem ehdng md hinh. 

Hinh 4.1 vd 4.2 eho thay kha nang cua eac md hinh 
trong giai doan huan luyen va kiem chdng de du doan 
tdng gia tri do duoc cua cac mau thd nghiem. Nhu cd the 
nhan thay, ea hai md hinh ANN va ANN-PSO deu ed kha 
nang dU doan sde khang cat cua hau het cac mau thd 
nghiem mdt each chat che. 

——Thf nghiem 
Mo phdng ANN 
Sai so 

i* Atte ̂ 4n 
too 200 

Miu thi nghiem 

Ttii' nghidm 
Mo phong ANN-PSO 
Sa) so 

1 0^ J|M m 
-0.5 

0 100 200 300 
Mlu thi nghiem 

Hinh 4.1: Sue khing cit dudoin eho phan huan luyen 
eua md hinh ANN vi ANN-PSO 
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Hinh 4.2: Sde khang dt du doin cho phan kiem ehung 

cda md hinh ANN va ANN-PSO 

Ket qua sai sd cua huan luyen mang trong giai doan 
huan luyen va kiem chdng duoc the hien tren Hinh 4.3 va 
4.4. Hinh 4.3 cho thay giai doan huan luyen eua md hinh 
ANN, gia trj sai sd RMSE = 0,027532, md hinh ANN-PSO 
cho gia tri sai sd RMSE = 0,019043. Cd the thay, mdt sd 
cai tien ve hieu suat cua ANN da dugc dan den trong giai 
doan nay bang each sd dung thuat toan PSO sao eho gia 
trj RMSE da giam. Hinh4.4 cho thay giai doan kiem chdng 
cda md hinh ANN-PSO vdi sai sd RMSE ^ 0,053003 va giai 
doan nay cung da dugc ciii thien hon khi dung md hinh 
ANN-PSO. 

Sal s6 trung binh = -0.9QS2329 
Do l#Ch chuan = 0.02707 
Sal sa RMSE = 0.027532 

J 
1 i -0.15 -0.1 -0.05 

Sal so (N) 

Sai sd trung bmh = 0,0047673 
0^ lech chujn = 0.016463 
Sals&RMSE = a019a43 

£M. 
0.05 -0.1 -0.05 0 

Sai so (N) 
Hinh 4.3: Kit qui sai so cua phan huan luyen 

cho md hinh ANN va ANN-PSO 

J 

Sai so (N) 

1 Sal sA trung binh = 0.0012733 

1 |sa l s i RMSE = 0.053003 

L 
-0.2 -0.1 0 0.1 0.2 

Sal SO (N) 
Hinh 4.4: Ket qui sai so eua phan kiem ehung 

cho md hinh ANN vi ANN-PSO 
Hinh 4.5 vd 4,6 trinh bay mdt ket qua dien hinh trong 

du bao sde khang c^t eua dam be tdng cdt sgi. Cdi vdi bd 
dd lieu huyen luyen, tUOng quan gida ket qua md phdng 
va thi nghiem dat gia tri R = 0,86756 vdi md hinh ANN vii R 
= 0,89233 vdi md hinh ANN-PSO. Ddi vdi bd dd lieu kiem 
chdng md hinh, ket qua tUong quan R dat dUOc la R = 
0,8959 vdi md hinh ANN va R = 0,91525 vdi md hinh ANN-
PSO va sai sd cung tap trung ehu yeu vdi nhijrng gia trj sde 
khang cat Idn. Cd the thay, mot sd ci i tien ve hieu suat cua 
ANN da dupe dan den trong eac giai doan nay bing each 
sd dung thuat toan PSO sao cho gia trj R tang len. 
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ANN-PSO (Du- iî u) 
-Tuvng quan R=0.96643 
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Thi nghiem sipc khang cat (N) 

Hinh 4.5: So sinh sue khing dt du doin va do dupe 
cda bd huan luyen eho md hinh ANN va ANN-PSO 

0 ANN (Di> li#u) 
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Hinh 4.6: So sinh sde khang dt du doan vi do dupe 
cua bg kiem chiing cho md hinh ANN vi ANN-PSO 
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5. K^T L U A N VA KI^N NGHj 
Trong nghien cdu nay, kha nang cua cae ky thuat tri 

tue nhan tao (Al) trong du doan sde khang cat cua dam 
be tdng cdt spi da dugc kiem tra. Sd lugng dd lieu dung 
cho md phdng dUOc tap hop td ket qua thi nghiem da 
dugc cdng bd trong cae tap chi uy tin tren the gidi. De 
tiet kiem thdi gian va kinh phi eho viec tien hanh cac thi 
nghiem, mdt md hinh tdi Uu hda ANN-PSO da dugc phat 
tnen. Ngoai ra, de xae nhan va kiem tra hieu suat cua md 
hinh ANN-PSO, mdt mang no-ron nhan tao ANN cung 
duoc tao ra va dieu chinh bang thuat toan lan truyen 
ngugc (BP). Sde khang ci t eua dam SFRC da dUoc dU 
doan bdi c l hai md hinh ANN-PSO va ANN vdi eau true 
mang [16-10-1 ]. Ket qua chi ra rSng, ca hai md hinh ANN 
va ANN-PSO deu dat hieu suat tdt trong du doan sde 
khang cit, nhung da ehdng minh rSng thuat toan PSO cd 
kha nang eai thien do chinh xac cao hon cua dudoan. Do 
dd, thuat toan nay la mdt each tiep can tdt ed the dugc 
ap dung trong thUe te de dudoan sde khang cat cua dam 
be tdng cot sgi thep. 

Tai lieu tham khdo 
[1]. J.-H. Hw/ang, D. H. Lee, H. Ju, K. S. Kim, S.-Y. Seo 

and J.-W. Kang (2013), Shear behavior models of steel fiber 
reinforced concrete beams modifying softened truss model 
approaches. Materials, vol.6, no.10, pp.4847-4867. 

[2]. F. J. Veechio and M. R Collins (1986}, The modified 
eompression-fteid theory for reinforced concrete elements 
subjected to shear, ACI J., vol.83, no.2, pp.219-231. 

[3]. A. Amin and S. J. Foster (2016), Shear strength 
of steel fibre reinforced concrete beams with stirrups. 
Engineering Structures, vol.111, pp.323-332. 

[4]. K. 5. Kim, D. H. Lee, J.-H. Hwang and D. A. 
Kuehma (2012), Shear behavior model for steei fiber-
reinforced concrete members without transverse 
reinforcements. Composites Part B: Engineering, vol.43, 
no.5, pp.2324-2334. 

[5]. D. H. Lee, S.-J. Han and K. S. Kim (2016), Dual 
potential capacity model for reinforced concrete beams 
subjected to shear, Structural Concrete, vol.17, no.3, 
pp.443-456. 

[6]. F. J. Veechio (2000), Disturbed stress held model 
for reinforced concrete: formulation. Journal of structural 
engineering, vol.126, no.9, pp.1070-1077. 

[7]. J. Susetyo, R Gauvreau and F J. Veechio (2013), 
5tee/ fiber-reinforced concrete panels in shear: Analysis and 
modeling, ACI Structural Journal, vol.110, no.2, pp.285. 

[8]. T Soetens and S. Matthys (2017), S/iear-stress 
transfer across a crack in steel fibre-reinforced concrete. 
Cement and Concrete Composites, vol.82, pp.1 -13. 

[9]. M. di Prisco, M. Colombo and D. Dozio (2013), 
Fibre-reinforced concrete in fib Model Code 2010: principles, 
models and test validation. Structural Concrete, vol.14, 
no.4, pp.342-361. 

[10]. D. H. Lee, S.-J. Han, K. S. Kim and J. M. LaFave 
(2017), Shear capacity of steel fiber-reinforced concrete 
beams, Structural Concrete, vol.18, no.2, pp.278-291. 

79 



KHOA HOC CONG NGHE 
So 05/2020 

[11], G. B. Batson and A. G. Youssef (1994), S/tear 
Capacity of Fiber Reinforced Concrete Based on Plasticity 
of Concrete: A Review, Special Publication, voL142, 
pp.141-166. 

[12].T. Y Urn, R Paramasivam and S. L. Lee (1987), 
Shear and moment capacity of reinforced steel-fibre-
concrete beams. Magazine of concrete research, vol.39, 
no.l 40, pp.148-160. 

[13]. Y Le Cun, Y Bengio and G. Hinton (2015), Deep 
learning, nature, vol.521, no.7553, pp.436-444. 

[14]. K. Jadav and M. Panchal (2012), Optimizing 
weights of artificial neural networks using genetic 
algorithms. Int J Adv Res Comput Sci Electron Eng, vol.1, 
no.lO, pp.47-51. 

[15]. D. Whitley (1994), A genetic algorithm tutorial, 
Statistics and computing, vol.4, no.2, pp.65-85. 

[16]. J. Kennedy and R. C. Eberhart [1997), A discrete 
binary version of the particle swarm algorithm, in 1997 
IEEE International conference on systems, man and 
cybernetics. Computational cybernetics and simulation, 
vol.5, pp.4104-4108. 

[17]. E. Atashpaz-Gargari and C. Lucas (2007), 
imperialist competitive algorithm: an algorithm for 
optimization Inspired by imperialistic competition, in 
2007 IEEE congress on evolutionary computation, 
pp.4661-4667. 

[18]. 0. Moselhi, T Hegazy and R Fazio (1991), 
Neural networks as tools in construction. Journal of 
construction engineering and management, vol.117, 
no.4, pp.606-625. 

[19]. M. Shariati et al. {2019), Application of a hybrid 
artificial neural network-particle swarm optimization 
(ANN-PSO) model in behavior prediction of channel 
shear connectors embedded in normal and high-strength 
concrete, Applied Sciences, vol.9, no.24, p.5534. 

Ngiy nhan bai: 05/3/2020 
Ngay ch^p nhan dang: 11 /4/2020 
Ngucri phdn bien: TS. Le Nguyen KhUtfng 

TS. Pham Thai Binh 


