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Nghien cuu ung dung mo hinh mang no-ron nhan tao 
de dy doan sue chju tai toi han cua cau kien thep chu Y 

I TS. LV H A I B A N G ; TS. NGUYEN T H O Y ANH 

Trudng Bgi hgc Cong nghe Giao thong van tai 

TOM TAT: Cau kien thep chu Y dang ngay cang 
dupe sd dung rpng rai trong cac cong trinh co sd 
ha tang, giao thdng. Tuy nhien, doi vdi cau kien 
chiu nen nhu vay, su mat dn djnh la nguyen nhan 
quan trpng nhat dan tdi hu hdng ci!ia cau kien va 
toan bp ket cau. Viec du doan cung nhu danh gia 
so mat dn dinh cua cau kien phuc tap bdi nhieu 
yeu td nhu khiem khuyet hinh hpc, co tinh cua vat 
lieu, qua trinh thi cong lap rap, lyc tac dung va lien 
ket. Nghien cdu nay tap trung vao viec dng dung 
tn tue nhan tao (Artificial Intelligence) de xay dyng 
mo hinh dy bao sde chju t l i tdi hgn cua cau kien 
thep chu Y, dupe tao thanh td viec han giua thep 
gdc deu canh va thep tam Mo hinh duoc sd dung 
la md hinh mang no-ron nhan tao lan truyen ngupc 
(ANN) vai thuat toan Levenberg Marquart Ket qua 
cho thay mo hinh ANN du bao rat tot sue chiu tai 
tdi h?n, VOI do chinh xac cao va sai sd thap, 

TL/ KHOA: Tri tue nhan tao (Al), mang no-ron nhan 
tao, cau kien thep chu Y, sue chiu +ai tdi han 

ABSTRACT: The use of Y-sention steel column 
has gained many attention and widely used in ctvil 
engineering. However, instability is the most important 
cause of deterioration of structural elements under 
compression The prediction as wefi as the evaluation 
of instability for such type of structural member is 
d complex problem because of various reasons 
such as the defects in the section, mechanical or 
material properties, manufacturing process, boundary 
conditions and applied force. The objective of this 
research consists in the modeling and predicting the 
instability of structural elements under compression 
using Artificial Neural Network (ANN) with the 
Levenberg Marquart algorithm. The considered 
Y-section columns are made by welding steel of 
equal angles and a steel plate. The results show that 
the ANN model has a strong capability to model the 
critical buckling load of Y-section steel columns, with a 
high correlation coefficient and low error 

KEYWORDS: Artificial Intelligence (A!), Artificial 
Neural Network, Y-section steel column, critical 
buckling load 

I.DATVANDE 
Trong ITnh vUc xay dUng hien dai ngay nay, vat 

lieu thep dUde sd dung eho hau het eac edng trinh bao 
gdm eac cdng trinh cosd ha tang, cau, thap, san bay... 
nhd nhdng Uu diem cua nd so vdi cac loai vat lieu khac. 
Cfng dung phd bien cua vat lieu thep cho eae bo phan 
cua cdng trinh la sd dung lam cac cau kien ehiu nen 
nhu than vdm, tru cau, eac thanh gian, edt chdng be 
tdng cdt thep hoac eac loai epe trong mdng. Cung vdi 
su phat trien va nhu cau xay dUng trong ITnh vUc GTVT, 
yeu eau cda vat lieu thep trong eac ket eau dang duoc 
quan tam hon bao gid het, trong dd thep eudng dd 
cao dugc sd dung rdng rai vi nhieu uu diem so vdi thep 
cudng ddthdng thudng.Tuy nhien, eac dng dung hien 
nay chi gidi han d mdt sd dang cot ed mat eat truyen 
thdng nhU thep dng, thep gdc va thep hinh ehd thap. 
Ngoai cac dang cdt truyen thdng tren, hien nay mdt 
loai cdt hinh chd Y da duge de xuat sd dung eho eau 
kienchju nen. 

Ddi vdi cau kien chju nen, sU mat on dinh la nguyen 
nhan quan trong nhat dan tdi sU hu hdng cua cau kien 
va ca ket cau. 6n djnh la mdt khai niem thudng hay gap 
trong ITnh vUe khoa hoc xay dung. Khi bj mat dn dinh, 
bien dang cua edng trinh tang len dot bien va khien 
eho cdng trinh bi sup do hoan toan, gay thiet hai Idn 
ve ngUdi va tai san. Vi vay, tinh toan on djnh cho eac 
loai cau kien da cd lich sd phat trien tuong ddi lau tren 
the gidi. Trong the ky 19, nhdng nghien cdu dau tien 
ve sU mat dn dinh cua cau kien chiu nen da dUOc Euler 
de xuat. Tuy nhien, edng thdc Euler ehi phu hop eho 
nhdng cau kien cd dp m^nh Idn. Sau nay, cac nghien 
edu thuc nghiem eua lasinskieung nhu eac dexuat eua 
Johnson da cho phep tim dupe luc tdi han ma'tdn dinh 
cho nhdng eau kien ed dp mSnh vda va nhd. NhUng 
cac edng thdc nay dUOc thiet lap chi dang ap dung cho 
vat lieu dang hudng, ddng nha't va edn cd rat nhieu gia 
thiet ve sU hoan hao cua cau kien. 

Tren thue te, sU mat on djnh cua edt cdn phu thude 
vao nhieu yeu td: co tinh vat lieu; dang hinh hoe mat cat 
ngang, chieu dai cua eau kien; lien ket, dieu kien bien 
hoac tai trong... Do do cho den nay, nhieu phuong phap 
tiep can thUc nghiem va sd da dugc cac nha nghien cdu 
phat tnen. Vi dy, trong nghien cdu cua Shi [1,2] da chi ra 
rang, dieu kien dn djnh cua dng thep da bi giam xudng 
so vdi cac thiet ke tieu chuan. 
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Trong nhieu nghien edu thd nghiem khac ve sU 
mat dn dmh eda cdt, chang ban nhucdt hinh hop, cdt 
tiet dien I va tiet dien rong, ket qua thd nghiem da 
chdng minh rang mat dn dinh cua cot xuat hien sdm 
hon so vdi Udc tinh duoc cung cap bdi cae tieu chuan 
thiet ke hien ed. Tuy nhien, tat ca cac thd nghiem 
trong phdng thi nghiem nay thudng phdc tap, tdn 
kem va mat thdi gian, khdng phai lue nao cung cd the 
xet den anh hUdng cua tat ca cae bien nhu chieu dai 
cot, hinh hoc cua mat cat ngang va tinh chat co hoc 
cua vat lieu, cCing nhu eac dieu kien bien den sU mat 
on dinh cua cdt [3,4]. Ket qua td cac nghien cdu thd 
nghiem tren thay r^ng, khi edt mat dn dinh thi quan 
he gida tSi trong tae dung va bien dang la phi tuyen, 
lam cho viee phan tich dng xd cua cau kien trd nen 
phdc tap hon. 

Nhdng nam gan day, tri tue nhan tao (Al) dUa tren 
khoa hpc may tinh da dan trd nen pho bien va duoc 
ap dung trong nhieu ITnh vUc khac nhau. Mang no-ron 
nhan tao (ANN) - mot nhanh phat trien eua Al da va 
dang dUoe sd dung rdng rai bdi nhieu nha khoa hpc ap 
dung cho nganh ky thuat xay dung. Rat nhieu cdng trinh 
nghien edu da dUOc cdng bd chdng minh tiem nang cua 
md hinh nay trong viec du doan kha nang dng xd cua 
cac cau kien eung nhuvat lieu khac nhau trong linh vUe 
CO hoc ky thuat. 

Do dd, muc dich ehinh eua bai bao nay la nghien edu 
dng dung md hinh ANN trong viec dudoan khci nang mat 
on dinh cua cdt thep cudng do cao tiet didn chdY. 

2. THIET LAP Md HINH DlT BAO 
2.1. Mang ncr-ron lan truyen ngUOc 

(Backpropagation Neural Network - BPNN) 
Mang nd-ron lan truyen ngUge (BPNN) la mdt 

trong nhdng kien true mang nO-ron pho bien nhat, da 
duoe sd dung trong rat nhieu eae dng dung hoe may. 
Cau true cua BPNN ducfc minh hga trong Hinh 2.1, bao 
gom ba hoac nhieu Idp te bao than kinh dUOe lien ket 
vdi nhau: Idp bien dau vao, mdt hoac nhieu ldp an d 
gida va Idp bien dau ra. Moi Idp trong mang cd mot 
sd nut (no-ron) ed djnh. Ldp bien dau vao nhan dd 
lieu dau vao td ngudn ben ngoai, Idp dau ra truyen 
ket qua xd ly eua mang no-ron va Idp an cung cap, xd 
ly cae moi quan he gida Idp dau vao va dau ra. Qua 
trinh hoat ddng cua BPNN cd the dugc md t^ trong 
hai budc. Bau tien, tin hieu dau vao duoe truyen ve 
phia trude td Idp dau vao, thdng qua ldp an, den Idp 
dau ra. Trong qua trinh nay, gia tri trpng sd va gia trj 
bu cua mang duoc duy tri khdng doi va trang thai cua 
tdng Idp te bao than kinh se ehi anh hudng den Idp 
te bao than kinh tiep theo. Su khac biet gida dau ra 
du doan va dau ra du kien cua mang dUdc xac dinh 
la tin hieu loi. Thd hai, tin hieu loi duoc truyen nguge 
td Idp dau ra sang Idp dau vao theo tdng Idp, Trong 
qua trinh nay, gia trj trpng lUdng eua mang dUOc dieu 
chinh bdi ph in hdi loi de lam cho dau ra dU doan cua 
mang gan hdn vdi du kien. 
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Hinh 2.1: Ciu trde eda mang nowrron lan truyin ngupe 

2.2.Thuat to^n Levenberg Marquart 
Thuat toan Levenberg Marquart (LM) ve co ban la 

mdt sUtien hda cua thu^t toan tdi Uu suy g i im dd ddc vS 
thuat toan Newton, ed kha nang tang tdc dp hgi ty eua 
viee tim nghiem bSng each g i im qua trinh lap va sau dd 
tao ra cac dd lieu chinh xac hdn. So vdi nhdng nhudc 
diem eua BPNN truyen thdng nhu toe dp hdi ty cham Vci 
cac van de tdi thieu cue bd, tdc dd hdi tu cua thuat toan 
LM la nhanh nhat trong tat e i cae mang truyen thong 
hoae dupe eai thien. Cac BPNN eai tien vdi thuat toan LM 
da dugc chdng minh la dat dUOc ket qua tuyet vdi, dae 
biet la khi ap dung de danh gia va dU doan. Vi nhdng ly 
do nay, thuat toan LM dugc sd dung trong nghien cdu 
nay. Thuat toan LM eung cap mdt giai phap dUOc gpi la 
binh phuang tdi thieu cd dang nhusau: 

Trong do: x = (Xj, x^,..., x j la vector; r la ham td 5R" 
-)• 91. Cac r duoc goi la phan dU khi m > n. €)e ddn giin, f 
duac bieu dien dudi dang vector du r: '•R" -> Sf" va dUdc 
bieu dien nhusau: 

r(x) = {n{xU(x),. ,r„{x)) ^ ^ (2) 
Khi dd, f ed the dUOc viet lai thanh / ( ' J - ^ I K ^ . Cic 

dao ham cua f ed the dugc viet bang ma t r in Jacobi va 
dugc dinh nghTa nhusau: 

J{x) = ̂ ;\<j<m;l<i<n. (3) 

Trude tien, xet trUdng hop moi ham r la tuyen tfnh. 
d day, Jacobian la hang sd va do do f duoc eho bdi bac 
hai nhusau: 

Ta nhan duoc: 
Vf(x) = J'(Jx+r) 

(4) 
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vVW = /V (6) 
Giai quyet tdl thieu bang each dat V/(-v) = 0 de dat 

dU0CA:„,„=-(7V)"'/V. Day la ket qu i eua phuong trinh 
binh thudng. Quay trd lai trudng hop ehung, trudng hop 
phi tuyen, tacd: 

v/w=i;'-,(^)v.{x)=j(x)S-(x) (7) 
y'f{^) = J{xYj(x) + ±r^{x)V\{x) (8} 

Thudc tinh d ie biet cua eae bai toan binh phuong 
tdi thieu la vdl ma t r i n Jacobi J, v^ cO ban ed the nhan 
duoc ngay ma tran Hessian (V'J[x)) neu cd the xap xi rs 
bang eae ham tuyen tinh (VV(jr)) la nhd hoae phan du 
(r(x)) nhd. Ma t r i n Hessian trUdng hop nay dOn gian 
trd thanh: 

v'-f{x) = J{xfj{x) ^ ^ (9) 
Ket qu i tuong tU nhu doi vdi trUdng hdp tuyen tinh. 
2.3. Oanh gia khS nang dir bdo cua mo hinh 
Trong nghien edu nay, hai tieu ehi duoc sd dung la 

he sd tUdng quan (R) (correlation coefficient) va sai sd 
RMSE (Root Mean Square Error) de danh gia dp chinh xac 
cua md hinh A! da phat trien [5]: 

^ ^ (10) 

i{p.,j-Po]{p..j-P.) 

i{p«>-p4Up.--p>f 
(11) 

Trong do: N - So luong bd dd lieu, p̂  va p^ - Gia trj thi 
nghiem thUc te va gia trj thi nghiem thUe te trung binh, 
p, va p^ la gia trj du doan v i g i i tn du doan trung binh, 
duoe tinh theo md hinh dU bao. 

3.DUrLl|UTHiNGHI$M 
Trong nghien cdu nay, sd dung eic cdt tiet dien 

chd Y duoc tao thanh tdthep gdc deu canh va thep tam 
lien ket vdi nhau bang lien ket han, ca hai deu dUdc che 
tao td thep ket cau 420MPa. Cae mdi ban dupe che tao 
bang dien cue E5515-1CM. Sd lieu bao gom 57 ke tqu i 
thd nghiem trong nghien edu eua Yu [6] vdi cac bien 
dau vao (chieu dai cdt, kich thude hinh hpc cua mat cat 
(chieu day, chieu rdng cua thep tam va thep gde), do 
lech hinh hoc ban dau theo ca hai hudng x va y) va mdt 
bien dau ra (t i i trpng cua cot thep hinh chdY eudng dd 
cao 420MPa vdi f^ le do minh thay doi td 30 den 80) 
da duoc sd dung de tao eic tap dd lieu huan luyen va 
thd nghiem. Bd dd lieu thi nghiem dUde chia thanh hai 
phan: phan thd nhat (70% sd lieu) dung de huan luyen 
mang ANN v i duoc goi la phan huan luyen; phan thd 
hai (30% sd lieu) dung de kiem ehdng md hinh, se duoc 
ggi tat la phan kiem chdng. Vdi each ehia tren, bd dd lieu 
gdm 57 sd lieu se cd 40 sd lieu dung de huan luyen v i 17 
so lieu dung de danh gia kha nang du bao mat on dinh 
eau kien eua mang ANN. Hinh 3.1 md t i sd dd thi nghiem 
sde chju t i i tdi ban eua cau kien thep chd Y va tiet dien 
mat cat ngang cua thep. 

1^ 420 Mpa 

Wp 

t: + 
/ 

Th6p lam cuong 
dg 420 MPa 

I Hin y</ 

v̂Sx 
" • > \ 

giam 

•4 

Hinh 3.1: a) - Md ti sado thi nghiem 
vi b) - Mit cit cua thep ehu Y 

4. K^T QUA 
Trong nghien cdu nay sddung eau true BPNN gdm 3 

Idp: 01 Idp dau vao gdm 7 no-ron tUong dng vdi 7 thdng 
sd dau vao, 01 Idp an vdi sd no-ron thay ddi de nghien 
cdu inh hudng eua sd no-ron den kha nang dU bao va 
mot Idp dau ra gom 01 no-ron la gia tri Pu the hien tai 
trong tdi han eua cdt. 

4.1 . Nghien cufu cinh hudng cua so ncr-ron 
Thuc te, ning lue du b io cua md hinh khdng bj anh 

hudng bdi so no-ron trong Idp an, ed nghTa khdng phii 
sd nd-ron eang nhieu thi kh i nang dU bao cang cao hoac 
ngugc lai. Vi vay, de lUa chon sd nd-ron cho ldp an de 
khi nang du b io cua md hinh de xuat la tot nhat. Trong 
nghien cUu nay, xet trudng hop sd no-ron cua Idp an 
thay ddl td 1 - 20 de td dd lUa chon sd no-ron hop ly nhat 
cho ldp an de tinh to in eho cic phan tiep theo, Sd dung 
phan mem MATLAB ta ed ket qua cua hai tieu ehidanh gia 
RMSE va R dupe the hien tren Hinh 4.1 va 4.2 tren nguyen 
tac RMSE cang nhd va R eang eao thi md hinh cang td t 

Hinh 4.1: Quan he giua RMSE va sona-ron sd dung 
trong md hinh ANN eho phan kiem ehung 

Hinh 4.2: Quan he giua R va sona-ron sudung 
trong md hinh ANN cho phan kiem ehung 
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Dua vao ket qu i the hien tren Hinh 4.1 va 4.2 thay 
rang, khi so nd-ron eua Idp an la 11 thi ket qu i dat dUOc 
la tot nhat. Khi sd no-ron la 1 thi nang luc du b io cua md 
hinh la khdng tdt. Ngoai ra, khi md hinh sddung 2 no-
ron trd len thi nang lUe dU bao dao ddng trong khoang 
RMSE - 80 va xung quanh g i i trj R - 0,9. Rieng trUdng 
hpp so no-ron la 18 thi nang lUc dU bao cua ANN eung 
bj syt g i im ban, khi eac gia tri cua R, RMSE tUOng dng la 
0,77 va 149. Do do, 11 nO-ron la so thieh hpp va cho ket 
qua du bao tdt nhat de ed the tiep tyc nghien cdu cho 
phan tiep theo. 

4.2. Nghien cdu kha nang du bao cua mo hinh 
Theo phan 4.1, sd dyng 11 nd-ron cho Idp an la sd 

tdt nhat de tiep tuc nghien edu. Sd dung phan mem 
MATLAB eho ket qu i huan luyen va kiem ehdng ve dU 
bao tai trpng tdi han cua cdt dupe the hien d Hinh 4.3 va 
4.4. Qua day, thay rang ket qu i huan luyen mang ANN 
cho phan thi nghiem va md phdng la gan nhU trung 
nhau, dieu nay cho thay nang luc du b io eua md hinh 
ANN la rat tdt. 

600 
10 

Mlu tiii nghiem 

Hinh 4.3: Kit qui huan luyen mang ANN cho phan huan luyen 

1600 I . r • 

1400 
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Hinh 4.4: Ket qua huan luyen mang ANN eho phan kiem chOng 

Hinh 4.5 vd 4.6 bieu thi dudi dang bieu do the hien 
ket qu i sai sd huan luyen mang cho phan huan luyen v i 
phan kiem chdng. Trong phan huan luyen, chi cd 01 mau 
cd sai sd len den 200kN, 01 mau cd sai sd 150kN, mdt sd 
mau sai sd trong khoang ±100kN, cdn lai sai so cua eic 
mau deu trong khoang 80kN. Trong phan kiem chdng, 
sai sd cua cie mau it hon, chi len den khoang BOkN va tap 
trung nam trong khoang ±50kN. Dieu nay cho thay kh i 
n ing du bao cua md hinh ANN de xuat la tdt. 
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Hinh 4.6: Ket qui sai so huan luyin mang ANN 
eho phan kiem chdng 

Md hinh hoi quy eho hai phan huan luy&n va kiem 
chdng dUOc the hien d Hinh 4.7 va Hinh 4.8. Td hinh tren 
ta thay kh i nang dy b io cua md hinh la kh i sat vdi kha 
nang chiu lUc thue te, tuy nhien van cd sU sai sd vdi cae 
cdt ehiu lue nhd. Gia tri tUOng quan R thu dupe cho phan 
huan luyen la R - 0,972, edn phan kiem chdng ia R -
0,989. Dieu nay cho thay, viec ap dyng md hinh ANN cho 
viec du bao tai trpng tdi han cua eau kien edt la rat kha thi 
do tinh ehinh xie eao va sai sd thap. 
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Hinh 4.7: Kit qui hoi quy mang ANN cho phan huan luyin 
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Hin/i 4.8: Ket qui hoi quy mang ANN eho phan kiem ehung 

5. KET LUAN VA K I^N NGHj 
Td ket qu i nghien cdu, nhdm tac giti ed nhdng ket 

luan, kien nghi sau: 
- Td viee sd dyng 57 so lieu td eac thi nghiem cho 

cdt thep tiet dien Y cUdng dp 420MPa, mpt md hmh ANN 
da duoc xay dung de du doan kha nang chiu tai cua cdt 
va dupe xie nhin bang cae tieu chi FiMSE va R. Ket qua 
thu dugc cho thay md hinh ed dp tin cay cao de du bao 
khi nang chm lue eua cot thep (R = 0,988; RMSE = 40,79), 

- Tuy nhien, sd lUdng dd lieu dung cho nghien edu 
nay con it va mot so thdng so van edn ehua dUOc de cap 
den nhusutdntaicua dng suat dU, dieu kien bien... nen 
nhdm tac gia ed kien nghj trong cae nghien edu tiep 
theo, can sd dyng sd lUdng dd lieu Idn va de xuat them 
mdt sd cae thdng so anh hudng den kha nang ehiu lUe 
eua edt de d i m b io ddoc dp chinh xac hon nda. 
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