Transport and Communications Science Journal, Vol 71, Issue 2 (02/2020), 154-166

Transport and Communications Science Journal

TIFICIAL NEURAL NETWORK BASED MODELING OF THE
AXIAL CAPACITY OF RECTANGULAR CONCRETE FILLED
STEEL TUBES

AR

Hai-Bang Ly*, Thuy-Anh Nguyen
University of Transport Technology, 54 Trieu Khuc, Thanh Xuan, Hanoi, Vietnam

ARTICLE INFO

TYPE: Research Article

Received: 13/02/2020

Revised: 28/02/2020

Accepted: 28/02/2020

Published online: 29/02/2020
https://doi.org/10.25073/tcsj.71.2.10

“ Corresponding author

Email: banglh@utt.edu.vn; Tel: 0966661185

Abstract. Concrete filled steel tubes (CFST) with many advantages compared with
conventional structural members made by steel or reinforced concrete has been widely
applied in the field of civil engineering. The axial capacity of CFST, which is considered as
the most important mechanical property, depends on many constituting factors such as the
mechanical properties of materials or the cross-section of the tubes. In this study, the
Anrtificial Neural Network (ANN) with the Levenberg-Marquardt algorithm is used to predict
the axial capacity of CFST with rectangular cross-section. A number of 99 samples, collected
from published international studies, is divided into two parts: the training part (69 samples),
used to construct the BPNN black-box, and 30 samples in the testing part to evaluate the
performance of the BPNN model. The main input parameters used in this study are the height
of steel tube, width of steel tube, the thickness of steel tube, length of the column, the yield
stress of steel and the compressive strength of concrete. The results show that the ANN
algorithm is a good predictor for the problem with low error and high correlation (R=0.99)
between the experimental and predicted results derived from the ANN algorithm.

Keywords: concrete filled steel tube, artificial neural network, axial compression, axial
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Tom tat. Két ciu dng thép nhdi bé tong (CFST) c6 nhiéu loi thé so véi két cau thong thuong
lam bang thép hoic bé téng cét thép nén hién nay dang duoc sir dung rong réi trong linh virc
xay dung cong trinh. Kha ning chiu lyc doc truc (Pu) caa CFST la mét trong nhiing tinh chat
co hoc quan trong nhat va phu thudc vao nhiéu yéu té nhu thudc tinh cua vat liéu, kich thude
hinh hoc mat cat. Trong nghién ctu nay, md hinh mang No-Ron lan truyén nguoc (BPNN)
vé6i viée sir dung thuat toan Levenberg - Marquardt duoc sir dung dé du doan stc chiu tai toi
han (Pu) cta cot CFST hinh chir nhat. Véi 99 dir liéu thur nghiém tir cAc cong trinh da cong
bd, 69 sb liéu da dugc chon dé huan luyén va 30 s6 lidu duoc sir dung dé kiém ching mé hinh
BPNN. Céc thdng sb chinh dugc nghién ctu trong bai viét gom chiéu cao, chiéu rong mat cat,
d6 day cua cot thép, chiéu dai cot, cudong do cua thép, cuong do bé tong da duoc dé cap dé du
doan kha nang chiu luc téi han cua cot CFST. Két qua cho thdy mé hinh ANN duy béo rat tot
v6i d6 chinh xac cao va sai sb thap (hé sé twong quan R = 0.99).

Tir khéa: Cot CFST mit cét chit nhat, mang no ron nhan tao (ANN), tai trong doc truc, suc
chiu tai toi han.

© 2020 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN PE

Ngay nay, thép két cu da va dang duoc ung dung rong rai trong linh vuc céng nghiép,
xa@y dung boi cdc nhitng dac tinh wvu viét cua nd nhu kha nang chiu luc 1on, d6 tin cay cao, cho
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phép bién dang déo tot. Tuy nhién, thép két cAu c6 nhuoc diém Ia d& bi gi va &n mon, gia
thanh cao. Hon nira, két ciu éng thép ciing d& bi bién dang khi bi va dap. Vi Vay, Viéc nhoi bé
tong vao bng thép la mot giai phap tang cuong kha nang chbng an mon cua bé mat bén trong
cua ong thép, ting d6 6n dinh cuc bg cua thanh dng va tang kha ning chong bién dang. Loai
két cAu nay duoc goi 1a cot dng thép nhdi bé tdng (Concrete Filled Steel Tube - CFST).

Cho dén nay, cot dng thép nhoi bé tong da duogc st dung rong rai trong viéc xay dung céc
tda nha ndi chung va trong nganh giao thdng la cac cau hién dai, ngay ca trong cac khu vyc cé
dia chan cao. O Viét Nam, két cau vom 6ng thép nhdi bé tong da dugc &p dung tai nhiéu cong
trinh trong nganh giao théng van tai nhu cau Ong Lén, cau Xém Cui, cau Can Giugc hay cau
Dong Tru. Loai két ciu nay da thé hién mot sb loi thé so voi cot thép rong va cot bé tong cot
thép, chang han nhu kha ning chiu luc doc tryc cao, do déo va do bén tét, kha nang hép thu
nang luong 16n, xay dung thuan tién, tiét kiém vat liéu va kha niang chdng chay cao. Bén canh
d6, cong trinh xay dung nhanh hon do khong can van khuén, chi phi két cau thap, bao ton moi
truong do cd thé tai st dung 6ng thép, str dung bé tong chit lugng cao véi cbt lidu tai ché va
d6 tin cay cua viéc st dung céc cau tric CFST cho cac toa nha chiu dong dat ciing duoc ting
lén. Cac nghién ctu chi ra rang két cAu CFST t6 ra hiéu qua cao khi chiu nén [1]. Vi vay, mat
cit ngang cua cot CFST duoc chon thudng ddi ximg nhu hinh tron, hinh vudng hoic hinh chir
nhat. Trong s do, cac ng thép duge db bé tong (CFST) vai hinh dang vudng va hinh chi
nhat mang lai loi ich trong xay dung, 1y do 1a d& dang hon trong viéc két ndi giira thiét ké moi
ndi dam véi cot va cd do cing udn cao hon [2]. So véi cot CEST vudng, cot hinh chix nhat 6
d6 cang ubn khong déu doc theo cac truc khéac nhau, vi vay phl hop véi mot sé bo phan cua
cong trinh nhu swon vom, md cau, tru cau, va mot s6 loai két cau khac chiu lyc khong déu
theo hai phuong. Trong ky thuat xay dung, kha nang chiu luc cua cot CFST la mét tham s6
thlet ké co ban va quan trong, vi vay can phai c6 nghién ciru vé kha niang chiu lyc coa loai két
CAu nay.

Hién nay, cac quy dinh vé tinh toan cot CFST da duoc dé xuat trong cac tiéu chuan thiét
ké nhu AISC-LRFD, ACI 318-05, Vién Kién tric Nhat Ban, Tiéu chuan Chau Au EC 4, Tiéu
chuan Anh BS 5400 va Tiéu chuan Uc AS-5100.6. Ngoai ra, nhiéu nghién ciu thir nghiém va
md phong sé da duoc thuc hién trén cac tinh chit co hoc cua cot CFST hinh chit nhat dudi tac
dung cua tai trong doc tryc. Vi du, trong nghién cau cia Lue va cac cong su [3], 24 mau cot
CFST hinh chit nhat c6 cuong do chiu nén cua bé tong (fc”) thay doi tir 29 MPa dén 84 MPa
chiu tac dung cua tai trong doc truc da duoc thir nghiém. Két qua thir nghiém da dugc so sanh
v6i cac ma thiét ké AISC-LRFD, EC 4, AS-5100 cho thay mé hinh c6 thé udc tinh chat ché
kha nang tai doc truc cua cac cot CFST hinh chir nhat cuong do cao va cudng d6 binh thuong.
Nghién cau ciia Han [4] sir dung 24 mau cot hinh chix nhat vai hai théng sé chinh 1a hé s6 ty
& giira thép voi bé tong va ty Ié gitra cac canh cua mat cat dé xac dinh kha nang chiu lyc cua
cot. Va con nhidu nghién ciru thir nghiém khac lién quan dén cac yéu té anh huong dén kha
nang chiu lyc caa cac cot CFST hinh chir nhat nhu anh hudng caa dam nén [5], diéu kién tai
va diéu kién bién [6]. Bén canh d6, phan tich phan ti hitu han hién ciing duoc sir dung thudng
Xuyén cho cac van dé thiét ké va nghién ctu [7], [8] nho su ton tai cua nhiéu phan mém
thuong mai nhu ABAQUS va ANSYS. Tuy nhién, cho dén nay, khong c6 phuong phap duoc
dé xuat nao ¢ trén duogc sir dung rong rai do gisi han pham vi ¢ng dung. Liu va cong su [9-
11] da tién hanh thi nghiém céc cot CFST ¢ mit cat hinh chit nhat chiu tai trong doc truc va
so sanh két qua véi céc tiéu chuan nhu EC4 [12], AISC 360 [13] va ACI [14,15]. Téc gia rut
ra két luan rang cac tiéu chuin da danh gia thap kha ning chiu lyc cua cot CFST, vi du tiéu
chuan EC4 chénh léch 6% trong khi AISC va ACI danh gia thap sic chiu tai lan luot 1a 16%
va 14%. Ngoai ra, Ma va Zhang [16] chi ra rang cac ly thuyét khac nhau ton tai trong céc tiéu
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chuan khac nhau mang lai két qua khac nhau trong viéc tinh toan do bén cua cac cot CFT hinh
chix nhat. Nguyén nhan sai khéc giira cac cng thuc tiéu chuan va thyc nghiém c6 thé ke dén
nhu: khiém khuyét hinh hoc cua 6ng thép trong qua trinh san XUit; (g suat du trong dng thép
sau qua trinh han hodc lip rép: su bién thién cua cuong do, do cung thyuc té so Véi cuong do,
do cting cua vat ligu cAu thanh cAu kién; do vong ban dau tai vi tri gitra doc truc cac ong thep,
chat luong bé tdng. Do d6, mot phuong phap tong quét va chinh xé&c can duogc phat trién dé
thiét ké cac cot CFST hinh chir nhat.

Trong nhitng nim gan day, véi sy phét trién nhanh chong cua cac ky thuat tri tué nhan
tao, C4c thuat toan hoc may (Machine learning algorithms - MLAs) da dwoc pho bién trong
moi linh vyc cua cudc song [17-19]. MO hinh mang no-ron nhan tao (Artificial Neural
Network — ANN) dugc coi 1a cong cu manh dé giai quyét cac bai toan co tinh phi tuyen phtc
tap va ddc biét trong cac truong hop ma mdi quan h¢ gitra cac yéu té dau vao va dau ra khong
dé thiét 1ap mot cach tuong minh. Mot vu diém vuot troi caa md hinh mang noron nhan tao 1a
kha ning tu hoc va diéu chinh céc trong sé dé két qua tinh toan phd hop vai thuc té ma khong
phu thugc vao cac phuong trinh co, 1y hoa, hay y kién chu quan.

Do d6, muc dich chinh cua bai viét nay la nghién cau tng dung mé hinh ANN trong viéc
du doan kha nang chiu luc doc truc t&i han cia cot CFST hinh chir nhat.

2. MO PHONG VA THU'C NGHIEM

2.1. Cong cu du bao dua trén Mang No-Ron nhin tao (ANN)

Mang luéi than kinh nhan tao (ANN) la mét sy triru tugng hoa chirc nang ctia cac ciu
trdc than kinh sinh hoc cua nido nguoi. Pay 1a mot phuong phap tinh toan mém hiéu qua dé
giai quyét céc van dé qué phuc tap dugc mé hinh héa va giai quyét bang toan hoc ¢o dién va
cac phuong phap truyén thong. Mang no ron lan truyén nguoC (BPNN), mét phuong phép tim
nghiém cua ANN, thuong dugc st dung dé phan tich hdi quy va cac tng dung thuc té. Cau
trdc mang lan truyén nguoc 1a sy két hop cua cac 16p khac nhau, trong d6 16p dau tién 1a lop
dau vao va 16p cudi cing 1a 16p dau ra, cac 16p & gitra la cac 1op %n duoc két néi véi ca hai l6p
dau vao va dau ra, duoc minh hoa trén hinh 1.

900000
00000
O

Lép dau vao Lép daura
Hinh 1. Cau trtc dién hinh cia mang ANN duoc su dung trong nghién ciru nay.
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Céc 16p 4n dugc tao thanh tir cac don vi than kinh hay con goi la cac no ron. Cac I16p nay
c6 trach nhiém nhan dau vao va xu ly ching dé tao dau ra. S6 luong cac 1op an trong mang
dugc xac dinh boi mic do phuc tap cua van dé; mang ban dau duoc xay dyng voi mot sb
lwong nho céc 16p an. Hiéu suat caa mang cd thé duoc tdi wu hoa bang cach ting hoic giam
s6 lwong té bao than kinh an (s6 no ron) dé c6 dugc sb lugng ti wu. Trong qua trinh dao tao,
tin hiéu dau vao truyén qua mang theo huéng thuan, tu tréi sang phai trén co s¢ tung 16p, tao
ra mot tap hop cac gia tri trén cac don vi dau ra va sura tat ca Cc trong s6 cua mang. Sau do,
su khac biét gitra thuc t_e Vva cac gia tri dau ra mong muén duoc do va cudng do két ndi md
hinh mang duoc thay ddi dé cac dau ra do mang tao ra tré nén gan hon véi cac dau ra mong
muén. Piéu nay dat duoc bang cach truyén nguoc trong d6 cac thay ddi két ndi duoc truyén
tro lai qua mang bat dau bang cac két ndi dén 16p dau ra va két thic vai céc két nbi dén lop
dau vao. Tuy nhién, trong cac mang BPNN truyén thdng, c6 mét sb thiéu sot, chang han nhu
téc d6 hoi tu cham va d& roi vao muc téi thiéu cuc bo. Bé khic phuc cac nhuoc diém do, thuat
toan Levenberg-Marquardt (LM) két hop giira thuat toan giam d6 doc va thuat todn Newton
da giam dang ké so 1an lp, taing toc do hoi tu va co d6 chinh xac cao hon. Dic biét, co toc do
hoi tu nhanh nhat trong tt ca cac BPNN truyén théng va cai tién khac cho cac mang ¢ trung
binh. Trong nhimg nim gan day, cac BPNN cai tién bang thuat toan LM da duoc sir dung
rong rai trong cac linh vuc danh gia va du bao va cho thay hiéu qua tét. Pé co duoc két qua
t6t hon cho thir nghiém, bai viét nay da chon mé hinh mang than kinh BP ba I6p duoc cai tién
dya trén thuat toan LM dé dy doan strc chiu tai téi han cua cot CFST.

Thuat toan Levenberg - Marquest duoc thiét ké dac biét dé giam thiéu cac ham 15i tong
binh phuong, 6 dang:

1 2 1, e
L5 k(e) -2 W

Trong d6 ex 12 16i trong mau thi k va e 12 mot vecto co phan tir 1a ex. Néu su khac biét
gitra vecto trong luong pho bién va vecto trong lwong mai la nho, vecto 16i c6 thé dugc mé
rong theo thir tu dau tién bang mét chuoi Taylor.

e . +oe
() k _
0= o (Wi =Wy )

Do d6, ham 15i ¢6 thé dugc biéu thi bang:

2

1€ %
ol aw. (W(J'+l) _W(i)) (3)
Téi thiéu hoa ham 18i d6i véi vecto trong lugng méi ta co:
_ T\ 15T
Wipy =W, =(272) 27, ()
, oe
trong d6 (Z), = Wk

Ham Hessian cho ham 13i tong binh phuong 1a:

O°E oe, ) e | ed%
=B, ZZ{[é‘wJ[M j+awiaw,} ©
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B6 qua sé hang thtr hai, ham Hessian c6 thé dugc viét 1a:
H=2"Z (6)

Do d6, can cap nhat cac trong s lién quan dén ham Hessian nghich dao hoic xap xi
ching cho céc mang phi tuyén. Ham Hessian tuong d6i d& tinh toén, vi né dya trén cac dao
ham bac nhat ddi véi céc trong sé mang co thé dé dang diéu chinh bang céch truyén nguoc.
Mic du cdng thuc cap nhat c6 thé duoc &p dung lap di 13p lai dé giam thiéu ham 16i, nhung
diéu nay c6 thé dan dén kich thudc budc I6n, vi vay s& 1am mét hiéu lyc xap xi tuyén tinh
cdng thac trén. Trong thuat toan Levenberg - Marquest, ham 15i duoc giam thiéu, trong khi
kich thudc bude dugc gitt & mac nho dé dam bao tinh hop 18 cua phép tinh gan dung tuyén
tinh. Didu nay duogc thuc hién bang cach sir dung ham 13i d3 stra d6i cua biéu mau.

1€ + 08 ?
=5 Wi W)

+ ﬂ,HW (i+) W(j)HZ (7

Trong d6 A 1a tham s6 chi phéi kich thudc budc. Giam thiéu 151 da stra d6i lién quan dén
W(j+1) cho ta

-1 }
(M):w(j)—(sz +M) Z"(j) (8)

gia tri rat 1on caa A tién dén @6 dbc tiéu chuan, trong khi gia tri rat nho séat voi phuong
phap Newton.

w

2.2. Thi nghiém va dir liéu str dung cho bai toan

Nghién ciru nay sir dung cac cot ng thép nhoi bé tong tiét dién chir nhat. Thi nghiém xéac
dinh strc chiu tai t&i han dugc minh hoa trong Hinh 2. Thi nghiém nén ¢ trong bai toan duoc
coi 1a nén doc truc ding tam. Can luu y rang cac khiém khuyét ban dau vé hinh hoc va cac
ung suat du trong qua trinh ché tao cau kién da duoc bo qua. Mot sb Cong bé qudc té cung chi
ra rang cac yéu té nay co rat it anh huong téi sac chiu tai téi han cia cdu kién cot dng thép
nhdi bé tong. S liéu bao gom 99 két qua thir nghiém trong nghién ciru da duoc cdng bb tai
cac tap chi qudc té uy tin cua cac tac gia Bridge [20], Du va cong su [21], Du va cong su
[22], Ghannam va cong sy [23], Han [24], Han & Yang [25], Han & Yao [26], Lin [27],
Schneider [28], Shakir-Khalil & Mouli [29] va Shakir-Khalil & Zeghiche [30]. Bai toan mo
phong sir dung tong cong 6 tham sé dau vao cho mé hinh ANN bao gom: chiéu cao mat cat
cot (H), chiéu rong cua mat cat cot (W), chiéu day cua lop thép boc (t), chiéu dai cua cot (L),
cudng do chiu nén caa bé tong st dung (F'c) va cuong do cua thép (fy). Tham sé dau ra dugc
Xét toi 1a strc chiu tai (stc khang cot) téi han cua cot (Pu). Sb dir liéu nay duoc chia thanh 2
phan: Phan thtr nhat (70% s6 liéu) dung dé huan luyén mang ANN, duoc goi la phan huéan
luyén. Phan tht hai (30% sé liéu) dung dé kiém chang mé hinh, s& duoc goi tat 1a phan kiém
chung. Véi cach chia trén, bo dir liéu gom 99 s6 liéu s& c6 69 sb lidu ding dé huan luyén va
30 s liéu dung dé danh gia kha nang du bao caa mang ANN. T4t ca c4c gia tri cua bai toan,
bao gom dau vao va ham muc tiéu, dugc chuan hda vé khoang gié tri tir 0 dén 1 dé giam thiéu
sai s6 do md phong tao ra. Pay 1a mét ky thuat duoc dung rat nhiéu trong cac bai toan sir
dung tri théng minh nhan tao dé mé phong.
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(b)

1 1 lal 1 lLt.rtI:técdung

L Bé tong Thép
() (f,)

T T T T Tovesseamns

Hinh 2. (a) So db thi nghiém xéc dinh sirc chju tai t6i han cua cau kién cot dng thép nhoi bé tong
tiet dién chir nhat; (b) So d6 mat cat ngang cua cau kién.

2.3. Cac chi tiéu danh gia nang lwe du bao

Trong nghién ctu nay, c4c chi tiéu danh gia pho bién nhu hé sb tuong quan Pearson (R),
sai s toan phuong trung binh (root mean square error - RMSE) va sai so tuyét dbi trung binh
(mean absolute error - MAE) duoc sir dung dé dénh gia tvong quan gitra Cac gia tri du béo
bang md hinh ANN va gi4 trj thi nghiém thuc té. Vé co ban, MAE va RMSE cang tién ti 0
thi mé hinh c6 ning luc cang cao. Gia tri cua R nam trong khoang -1 dén 1, va gia tri tuyét
d6i cua R cang tién toi 1 thi mo hinh c6 d6 chinh xac cang cao. Cong thirc tinh R, RMSE va
MAE c6 thé duoc tham khao trong céc tai liéu trich dan [31,32].

3. KET QUA VA THAO LUAN

Nhu da trinh bay ¢ phan téng quan cua vén dé, mo hinh dy bao bang mang No-Ron nhan
tao ¢6 nhiéu wu diém so véi cac phuong phép truyén thong nhu thi nghiém hay mo phong
bang phan tir hitu han. Ban chat caa viéc tach 70% dir liéu cho viéc huan luyén mang ANN va
dé tach biét phan kiém ching va huan luyén. Nghia 1a dir liéu cua phan kiém ching (30%)
hoan toan khéng duoc mé hinh ANN biét dén truéc d6. Chinh vi vay, nang luc dy b4o cia md
hinh ANN c¢6 thé duoc danh gia mot cach khach quan va chinh xéac nhat. C6 thé so sanh diéu
nay véi viéc du bao ham muc tiéu cua cac thi nghiém tiép theo (30% dit lidu chua duoc mo
hinh hoc) duya trén cac két qua thi nghiém da c6 sén trude d6 (70% du liéu da duoc md hinh
hoc). B4i véi cac bai toan du bao ndi chung, ning luc dy bao ciia md hinh 1a quan trong nhat.
N6 duoc thé hién théng qua cac chi tiéu danh gia sai s, nhu di trinh bay ¢ phan truéc. Chinh
vi vay, céc két qua & nhitng phan tiép theo chi tap trung vao nhitng chi tiéu dénh gia cho phan
kiém chizng mé hinh.

3.1. Nghién ciru xac dinh s6 No-Ron toi wu cho ANN

Trong phan nay, tac gia s& trinh bay két qua caa viéc sir dung md hinh ANN trong viéc
du bao kha nang chiu tai téi han cua cau kién cot ong thép nhoi bé tong co tiét dién hinh chix
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nhat. Cau triic caa md hinh ANN trong dy bao 1a mot nhan té quan trong, anh huéng Ién dén
kha ning du bao caa mé hinh. Chinh vi vay, tong cong 6000 md phong di duoc thuc hién &
phan nay, bao gom viéc cho bién thién s6 No-Ron tir 1 dén 20 va chay 300 md phong cho mdi
truong hop nhu vay. Ly do cua viéc chay 300 lan 1a dé chic chan viéc hoi tu cua két qua va
kiém tra k¥ ning luc du béo caa md hinh. Hinh 3 biéu thi két qua cua md phong xem xét anh
huong cua sé No-Ron téi két qua du bdo, voi “median” duge dinh nghia 1a sb trung vi, 25%-
75% duogc hiéu 1a gia tri trong khoang ti phan vi thir nhat va ta phan vi thir ba, p 1a gia tri
trung binh va o 1a d6 léch chuan. Két qua cho thay, xét theo gié tri caa RMSE thi s6 No-Ron
ldy theo gié tri 4 & c6 sai 6 it nhat, va tuong tu gié tri cua R cao nhat. Ngoai ra, néu liy theo
tiéu chi MAE thi s6 No-Ron 1 7 s& cho sai s6 thap nhat. Tuy nhién, sé6 No-Ron tir 4 dén 7 thi
d6 léch cua két qua trung binh caa MAE khéng chénh léch qué Ién. Khi gié tri cua s No-Ron
nam ngoai khoang 4-7 thi c6 thé thiy sai s6 cua bai toan I6n dan 1én, nghia 1a RMSE, MAE
tang va R giam. Hon nita, ¢6 thé thdy rang gia tri trung binh va d6 léch chuan cua trudng hop
4 No-Ron 14 dao dong bé nhat. Chinh vi vay, nhom tac gia chon sé No-Ron la 4 cho 16p an &
gitta dé tién hanh cac nghién ciu tiép theo dbi vai bai toan dy bao kha ning chiu luc doc truc
t6i han cua cot 6ng thép nhoi bé tong cé tiét dién hinh chir nhat.
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Hinh 3. Anh hung cua s6 No-Ron téi két qua du bao cua ANN tinh cho 300 lan md phong trong
mdi trudong hop, danh gia bang céac chi tiéu: (a) RMSE; (b) MAE; (c) R.

3.2. Két qua dién hinh vé du bao kha ning chiu tai téi han ciia cot ong thép nhdi bé tong

Sau khi d4 chon dugc s6 No-Ron thich hop cho bai todn du b4o, nhém tac gia tién hanh

phan tich két qua thu duoc dbi véi truong hop sir dung 4 No-Ron cho 16p 4n & gitra. Cau trdc
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ANN cua bai toan nay c6 thé duoc viét dusi dang ANN-[6-4-1], nghia 14 c4u tric ANN c6 6
bién dau vao, 4 No-Ron & 16p an, va 1 bién dau ra. Hinh 4 biéu thi biéu d6 tan suit va ham
mat do x&c suit cho 300 lan chay md phong du bao kha ning chiu luc doc truc t6i han. Ddi
vé6i chi tiéu RMSE, sai s6 tap trung 16n nhat & khoang 0.05-0.08 véi ham mat do xéac suat rat
tap trung cao ¢ khoang ndy. Sai s6 bé nhat trong 300 lan chay mé phong c6 thé dat toi 0.02,
trong khi cling c6 mot vai trudng hop cho sai sb cao, khoang 0. 2. Nhing nhan dinh tuong tu
cho MAE c6 thé duogc quan sat trén biéu dd, véi khoang sai sb tap trung ¢ 0.03 dén 0.06.
Ngoai ra, v6i hé sb twong quan R, mé hinh ANN-[6-4-1] cho twong quan rét tét gitta két qua
thi nghiém va két qua mo phong véi R tap trung ¢ khoang gia tri R=0.96 dén 0.99, nghia 1a
kha nang du b4o gan nhu 1a chinh xac tuyét dbi.

Nhém tac gia trinh bay trong Hinh 5 mét két qua dién hinh trong dy bao stc chiu tai t6i
han cua ciu kién cot ng thép nhoi bé tong, day 1a két qua du bao tét nhat trong 300 lan chay
mo phong. Doi véi bo dir liéu huyén luyén, tuong quan gitra két qua mé phong va thi nghiém
dat ¢én R=0.99284, cho thiy ning luc du bdo ciia md hinh Ia rat tét. C6 thé nhan thay ring
két qua sai s6 cha yéu nam ¢ nhitng gié tri chiu tai téi han 16n. Di voi bo dir lidu kiém ching
mo hinh, két qua twong quan R dat duoc 1a R=0.99727 va sai s6 tap trung chu yéu ¢ phan tu
vi thir nhat. Doi voi bo dit lieu huyén luyén, ham sb “y=0.99x + 0.0036” duoc thiét lap dé thé

hién twong quan gilra di liéu thuc nghiém va dir liéu rT)o phong. Twong tu, ham s6 “y=0.99x +
0.0012” duoc thict lap cho tuwong quan ¢ b dir ligu kiem chung.
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Hinh 4. Biéu d6 tan suat va ham mat do xac suat cho truong hop mo phong bang 4 No-Ron cho 300
lan chay mé phong du bao st chiu tai téi han ciia cau kién cot dng thép nhoi bé tong.
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Hinh 5. So sanh twong quan giira bo dit lidu huan luyén va kiém chung.

Dé minh chang cho tinh chinh xac caa mé hinh ANN, nhém tac gia trinh bay trong Bang
1 bo s6 lieu 30 mau thi nghiém va so sanh véi tinh toan cua hai tiéu chuan EC4 (2004) va ACI
(2005). Can luu ¥ rang, s liéu nay sau khi dd mé phong bang ANN da duoc quy lai vé gié tri
thue. Cac cong thirc cua hai tiéu chuan EC4 (2004) va ACI (2005) c6 thé dugc tham khao tai
tai liéu [33]. C6 thé thay rang két qua md phong bang ANN cho sai sb rat thap & trong hau hét
cac trudng hop. C6 2 truong hop ANN cho két qua cé sai s6 nhiéu hon so véi hai tiéu chuan
EC4 va ACI. Ngoai ra, ¢c6 1 mau thi nghiém ANN mé phong cho sai s6 I6n hon ACI nhung
t6t hon EC4, va 1 mau cho sai s6 16n hon EC4 nhung tot hon ACIL.

4. KET LUAN

Trong bai bao nay, st dung tap hop cac két qua thi nghiém duogc thuc hi¢n trén cac cot
CFST hinh chit nhat chiu tai trong doc truc, mot mang ludi than kinh nhan tao di dugc dé
xuét 1a mang no ron lan truyén nguoc dung thuat toan Levenberg - Marquart. Dit lidu dau vao
cho dao tao mang 1a: chiéu cao mat cit cot (H), chiéu rong ctia mit cat cot (W), chiéu day cua
16p thép boc (t), chiéu dai cua cot (L), cuong d6 chiu nén cia bé tong str dung (f’¢c) va cuong
do cua thép (fy) Ba chi tiéu hé s6 tuong quan (R), sai s6 toan phuong trung binh (RMSE) va
sai 8O tuyét d6i trung binh (MAE) dugc st dung dé dénh gia twong quan giita cac gla tri du
bao bang mo hmh ANN va gia tr1 thi nghiém thyc té. Sau khi dao tao cac mang V61 sO lugng
té bao than kinh an khac nhau, sé luong cac té bao than kinh ¢ 16p an 1a bén da duoc chon.
Sau d6, ciu truc mang [6-4-1] dé xac dinh cuong do nén cua bé tong trong cac cot CFST da
dugc trinh bay. Két qua ciia nghién ciru chi ra ring mo hinh d& xuét c6 kha ning du doan sirc
chiu tai toi han cho c6t CFST hinh chit nhat véi do chinh xac tdt, twong quan R c¢6 thé 1én t6i
R=0.99727.

Do st dung 99 két qua thir nghiém nén két qua cua bai bao nay chi c6 do tin ciy cao
trong pham vi cac sd lidu duoc thi nghiém. Chinh vi vdy, huéng nghién ctru tiép theo cia
nhom tac gia s& bao gom: (i) tién hanh thi nghiém thém cac truong hop khac dé mo rong
pham vi cta nhitng yéu t6 dau vao va (ii) tién hanh thu thap thém nhiing s6 liéu vé cdu kién
c6 mit cit hinh chit nhat dé kiém chimg nang luc dy bao ctia mé hinh.
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Bang 1. Két qua so sanh gitra md phong ANN va cac tiéu chuan EC4 (2004) va ACI (2005).

H w t L f, £, Pu ANN EC4 | Acl | A'\EI\G L) (EE&) (Eérl)
1212 | 709 | 34| 4012 | 2310 | 469 | 8150 | 7206 | 5919 | 5387 | 11.6% | 27.4% |  33.9%
1419 | 764 | 35| 23333 | 3312 | 264 | 5520 | 5840 | 6656 | 6277 | -5.8% | -206% | -13.7%

90.0 | 600 | 34| 307.7 | 231.0 | 469 | 12100 | 12580 | 397.1 | 3647 | -4.0% | 67.2% |  69.9%
2354 | 1091 | 31| 7440 | 3531 | 174 | 5760 | 6407 | 10427 | 9803 | -11.2% | -81.0% | -70.2%
1444 | 892 | 51| 6557 | 4325 | 260 | 6450 | 7206 | 11053 | 10623 | -11.7% | -71.4% | -64.7%
1180 | 1166 | 54| 6557 | 3334 | 238 | 968.0 | 1021.0 | 9025 | 8600 | -5.5% 6.8% 11.2%
1887 | 1200 | 3.4 | 24268 | 3531 | 17.4 | 13700 | 12761 | 9040 | 8489 | 69% | 340% |  38.0%
1938 | 873 | 60| 20736 | 3747 | 264 | 8440 | 8859 | 14117 | 13557 | -5.0% | -67.3% | -60.6%

1419 87.3 6.0 | 3050.0 | 360.3 | 38,5 | 3150.0 3180.9 1168.5 | 11094 -1.0% 62.9% 64.8%

193.8 87.3 6.0 2073.6 374.7 7.9 580.0 584.0 1150.2 | 11334 -0.7% -98.3% -95.4%

193.8 141.8 0.7 827.1 249.7 22.6 1251.0 1152.5 704.1 612.3 7.9% 43.7% 51.1%

90.0 65.5 3.4 6194 | 302.3 27.1 691.0 658.9 385.6 365.0 4.6% 44.2% 47.2%

360.0 240.0 3.1 1491.9 353.1 17.4 880.0 799.9 2493.2 | 2275.7 9.1% | -183.3% -158.6%

1444 89.6 8.9 655.7 372.6 23.8 1420.0 1356.7 14225 | 1387.7 4.5% -0.2% 2.3%

141.9 76.4 3.5 2333.3 331.2 7.9 515.0 484.0 488.3 476.9 6.0% 5.2% 7.4%

193.8 141.8 0.7 494.7 249.7 22.6 2710.0 2712.4 704.1 612.3 -0.1% 74.0% 77.4%

188.7 120.0 3.1 806.3 353.1 17.4 2069.0 2106.9 904.0 848.9 -1.8% 56.3% 59.0%

141.9 76.4 3.5 2333.3 331.2 26.4 3575.0 3547.9 665.6 627.7 0.8% 81.4% 82.4%

110.8 65.5 6.0 2039 | 3541 40.5 760.0 828.7 809.8 775.7 -9.0% -6.5% -2.1%

1315 92.7 34 4324 231.0 46.9 672.0 683.3 787.1 709.6 -1.7% -17.1% -5.6%

175.2 111.3 10.0 558.1 514.5 43.7 857.9 871.3 2932.6 | 2833.9 -1.6% | -241.8% -230.3%

188.7 120.0 3.1 806.3 353.1 17.4 620.8 690.1 904.0 8489 | -11.2% -45.6% -36.7%

152.3 109.1 9.2 494.7 194.0 46.9 11441 1294.3 13125 | 12212 | -13.1% -14.7% -6.7%

110.8 76.4 34 619.4 302.3 27.1 1026.1 887.7 504.8 474.5 13.5% 50.8% 53.8%

110.8 65.5 54 | 3050.0 | 4034 | 348 679.8 664.5 798.9 768.8 2.3% -17.5% -13.1%

197.0 88.4 10.0 626.6 514.5 34.1 817.1 789.2 2817.0 | 27515 3.4% | -244.7% -236.7%

141.9 87.3 6.0 203.9 360.3 38.3 937.1 923.9 1166.5 | 1107.6 1.4% -24.5% -18.2%

131.5 92.7 34 4324 231.0 46.9 1001.5 1026.4 787.1 709.6 -2.5% 21.4% 29.1%

141.9 87.3 6.0 100.0 353.0 38.7 3264.0 3248.5 1154.9 | 1095.4 0.5% 64.6% 66.4%

110.8 76.4 34 370.1 231.0 46.9 1344.6 1340.2 576.2 523.6 0.3% 57.1% 61.1%
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