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Tém tat

CAu kién cot 6ng thép nhdi bé tong (Concrete-Filled Steel Tube-CFST) véi nhiéu wu diém dudc quan tim nghién
clu va ting dung rong rii trong céc cong trinh xay dung khoang 3 thip ky qua. Bén canh d6, su phét trién manh
mé ctia ky thuit mdy tinh di md ra nhiéu co hdi ting dung cic ky thuat tri tué nhan tao (AI) vao trong thiét ké
cong trinh. Bai bdo gi6i thiéu va ting dung XGBoost, mot trong nhiing k§ thuat tri tué nhan tao mdi nht va
manh mé nhit d€ u6c lugng kha ning chiu nén doc truc ctia cot 6ng thép nhdi bé tong (CFST) tiét dién tron.
Két qua tir 1017 thi nghiém vé loai cAu kién nay dudc st dung lam dit liéu d€ huén luyén mo hinh. Céc thong
s6 bao gdm dudng kinh ngoai cta tiét dién (D), chiéu day cla éng thép (f), cudng do chdy cua thép (f,), cudng
do chiu nén clia bé tong (f7) va chiéu dai cot (L) dugc st dung nhu nhiing thong s6 dau vao, trong khi d6 kha
ning chiu lyc nén ding tim doc truc (N) 1a thong s6 dau ra. Két qua huén luyén tit mo hinh cho thiy thuét toan
XGBoost c6 thé ting dung hiéu qua trong viéc wdc lugng kha ning chiu nén doc truc ctia cot CFST tiét dién
tron véi do chinh xac cao véi thdi gian ngin.

Tir khod: XGBoost; tri tué nhan tao; mdy hoc; 6ng thép nhoi bé tong; CFST.

ESTIMATION OF CONCENTRIC AXIAL COMPRESSIVE LOAD-CARRYING CAPACITY OF CONCRETE-
FILLED STEEL TUBE USING MACHINE LEARNING ALGORITHMS

Abstract

Concrete-Filled Steel Tube (Concrete-Filled Steel Tube-CFST) columns with many advantages have been stud-
ied and widely applied in construction projects for decades. Besides, the rapid development of computer engi-
neering has opened up many opportunities to apply artificial intelligence (AI) techniques in building design.
This paper introduces and applies XGBoost, one of the newest and most powerful artificial intelligence tech-
niques to estimate the concentric axial compressive load-carrying capacity of circular section concrete-filled
steel tube (CFST) columns. The results from 1017 experiments on this type of columns are used as dataset to
train the model. The outer diameter of the section (D), the thickness of the steel tube (), the yield strength of
the steel (f}), the compressive strength of the concrete (), and the length of the column (L) are used as input
parameters, while the axial compression force capacity (V) is the output parameter. The training results from
the model showed that the XGBoost algorithm can be effectively applied in estimating the axial compressive
capacity of the circular section CFST columns with high accuracy and short time.

Keywords: XGBoost; artificial intelligence; machine learning; concrete-filled steel tube; CFST.
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1. Gidi thiéu
Cot 6ng thép nhdi bé tong (concrete-filled steel tube) (CFST) la két cAu bao gom 6ng thép dudc
14p day bén trong bing bé tong. Ong thép liic nay déng vai trd vira 1a van khuon cho qué trinh d6 bé
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tong, vira tham gia ting cudng kha niing chiu tai ctia cung bé tong. Trong khi d6, viéc nhdi bé tong
gitip ting su &n dinh ctia dng thép va do déo cia tiét dién. Ngoai ra, cot CFST con c6 kha ning hip
thu niing luong cao, do bén cao va kh ning chéng chdy tot hon [1, 2]. Vi viy, ting xit ctia c6t CFST
dugc quan tdm nghién cifu rong rii trong subt ba thip ky qua. Bai bdo nay tip trung nghién ctiu cot
CFST tiét dién tron do dang tiét dién nay c6 do ciing va do bén chay tot hon so vé6i cdc dang tiét dién
chit nhat hoiic hinh vudng nhu da dudgc chi ra trong cac nghién ciu trudc day [3—6]. Trong sudt nhiéu
thap ky qua, khd nhiéu thi nghiém vé coc tron CFST di dudc thuc hién véi nhiéu trong tAm nghién ciu
khéc nhau nhu: cudng do ctia bé tong [7], ti 1& clia dudng kinh va do day dng thép [8] hay anh hudng
ctia lién két gitta bé tong va 6ng thép [9], v.v. Mot s chuong trinh thi nghiém 16n vé coc CFST c6 thé
ké dén nhu sau. Chuong trinh thi nghiém ctia Knowles va Park [10] dudc thuc hién vio cubi nhiing
nim 1960 nhidm danh gid ng xi cia cot CFST khi chiu tdi ding tim va tai léch tim. Cac thi nghiém
ctia Liu va Goel [11] cudi nhitng nim 1980 nhim danh gid ing xit ctia coc CFST khi chiu tai trong
dong theo chu ky. Kilpatrick va Rangan [12] nghién cttu &nh hudng cla viéc st dung bé tdong cudng
do cao trong cot CFST. Sakino va cs. [13] nghién cifu anh hudng ctia hinh dang va cudng do dng thép,
ty 1&¢ dudng kinh 6ng trén chiéu day va cudng do cta bé tong. Tuy nhién, s6 luong thi nghiém thuc
hién dugc van con nhiéu han ché do cic chuong trinh thi nghiém thudng doi héi tiéu ton nhiéu tién
bac, hé thdng thiét bi thit nghiém dat tién, ciing nhu tén nhiéu thsi gian va cong siic clia con ngudi.

Dua trén cdc két qua thuc nghiém, cic cong thic thiét ké coc CFST dudc dé xuét. Mot cch truyén
thong, cac cong thiic thiét ké nay dugc xay dung dua trén cac phuong phap 1y thuyét va mo phong
dua trén dng x{ cla su 1am viéc chung gilta 2 loai vat liéu thép va bé tong va 1iy két qua thi nghiém
dé€ danh gia do chinh x4c ctia cong thiic cling nhu md hinh dugc dé xuit. Tuy nhién, do sai sb trong
qué trinh thi nghiém, sai khdc gitta cic chuong trinh thuc nghiém ciing nhu 4nh hudng ctia cac yéu to
thoi tiét, vat liéu dau vao hay tay nghé ctia ngudi thuc hién khién cho cic cong thiic dudc xay dung
gitta cdc nha khoa hoc c6 su khac nhau dang k€. Vi du, cong thiic xac dinh kh& ning chiu tai cla
cot CFST dudc cung cﬁp trong cac tiéu chuan Eurocode 4 [14], ACI 318 [15] va AISC 360 [16], tuy
nhién, khong c6 cong thiic nao trong sd niy c6 su tuong dong véi nhau. Cadc md hinh nay dudc xay
dung dua trén mbi quan hé ing suét-bién dang dugc gia dinh trudc ctia 6ng thép hoic bé tong trong
long nén tinh chinh x4c ctia cdc mo hinh 1a mot dau héi 16n.

Gan day, v6i su phat trién manh mé cla khoa hoc mdy tinh, cdc ky thuit mdy hoc (machine
learning-ML) dudc ting dung rong rai trong moi linh vuc ctia ca khoa hoc va cudc séng. Céc ki thuat
ML c6 thé hi€u mot cach don gian l1a cac phuong phéap cho phép xay dung mé hinh toan hoc phiic
tap c6 do chinh xac rit cao nhidm thé hién mdi quan hé giita thong s6 dau vao va thong s6 dau ra clia
mot tip dif liéu cho trude. Véi quan diém nay, ML dugc nhiéu nha khoa hoc hién nay st dung dé xac
dinh tng xi ctia cong trinh [17-20]. Ung dung ML trong udc luong ting xit ctia cot CFST ciing dudc
nghién ctiu rong rai [21, 22]. Cdc nghién ctu nay cho thiy ring néu nhu ching ta c6 mot bo dit ligu
du 16n thi cac k§ thuat ML hoan toan c6 thé dudgc st dung dé xay dung nén cac mo hinh hiéu qua dé
udc lugng dng XU clia cong trinh nham thay thé hodc hd trg trong viéc chinh x4c héa cac cong thiic
thiét ké truyén théng. Mot s thuit toan ML manh mé hién nay c6 thé ké dén nhu 1a: Gradient Tree
Boosting (GTB), hoc sau (Deep Learning) (DL), Support Vector Machine (SVM), riing ngau nhién
(Random Forest) (RF), cdy quyét dinh (Decision Tree) (DT), v.v. Hiéu qua clia ting dung thuit todn
ML trong thiét ké cong trinh phu thudc nhiéu yéu t6 trong d6 viéc lua chon tham sb hé théng phi hop
cho ting 16p bai todn cu thé 1a rit quan trong. Mdi 16p bai todn sé can dudc thuc hién, phan tich dé
tim ra cach st dung cc tham sb sao cho mo hinh huén luyén hiéu qua va t6i vu vé mit thi gian.

Trén co s& phan tich & trén, trong nghién ciu nay, tic gia trinh bay chi tiét ciach xay dung mo
hinh huén luyén cho bai toan udc lugng kha niing chiu tai ctia cot CFST sit dung thuit toin Extreme
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Gradient Boosting (XGBoost). XGBoost 13 mdt trong nhiing thuit todn ML mdi nhit dugc Chen va
Guestin [23] dé xuit nim 2016 va td ra rt hiéu qua trong viéc gidi quyét cac bai todn phan tich hdi qui
va phan loai [23-25]. Mot tap dit liéu cac két qua thi nghiém bao géom 1017 mau céc cot CFST tron
dugc st dung d€ huin luyén va kiém tra chuong trinh dudc xay dung. Ba mo hinh ML khac bao gdm
SVM, RF va Adaboost ciing dugc st dung dé€ chiing minh tinh hiéu qua ctia chuong trinh dé xut.

2. Thuat toan XGBoost

XGBoost dugc Chen va Guestin [23] dé xuit vao nim 2016 dua trén nguyén 1y chung cia cic
thuat toan ciy tuan tu nhu GTB trén co s két hop nhiéu ciy ra quyét dinh c6 do sai sd cao (con goi 1a
cdc ciy cd s6 hay cay hoc yéu) thanh mot cy ra quyét dinh t6t hon. Nguyén 1y co ban nay dugc mo
ta trong Hinh 1. Pau tién, mot ciy ra quyét dinh dudc tao ra mot cach ngau nhién. Tuong ung vdi dit
liéu dau vao X, n6 sé udc luong dudc dit liéu dau ra 1a yl.l. Liic ndy sai s6 ctia dif liéu uéc lugng dudc,
v}, va dit liéu chinh xdc, y;, dugc goi 12 z;. Cédc gid tri z) cling chinh 1a sai s6 cia md hinh huin luyén.
Dé gidm sai s6 nay, cdy ra quyét dinh thif 2 dudc tao ra. Khac véi cdy ra quyét dinh thi nhét, dif lidu
dau ra cho cay thi 2 chinh 1a cdc gid tri z; . Thong s6 dau ra cta cdy thd 2 goi la y? va do sai léch clia
no véi zl-l dugc goi la ziz. Hién nhién ring gid tri clia ziz la bé hon Zil hay néi cch khéc 12 sai s6 cia md
hinh huén luyén lic niy da dudc giam di. Cti nhu vy, v6i viéc tao ra tudn tu nhiéu cy ra quyét dinh,
sai sb ctia md hinh huin luyén sé giam dan hay do chinh x4c ctia né dudc ting 1én. Gia tri uéc luong
cudi ciing cia md hinh huin luyén GTB sé la:

Y=y (1)

Tap dir liu huan luyén X

Cay 1 {X} Cay 2 {X} | Cay m-1 {X} L Cay m {X}

J.l(_\') .‘A.‘.(‘\') cees -‘Jll-l(‘\') ,‘J”(-Y)

m

y(X)=2 ¥ (X)

J=1

Hinh 1. So d6 minh hoa qua trinh hu4n luyén ctia thuat toan GTB
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Qua trinh huén luyén ctia GTB chinh 12 qua trinh t6i thi€u héa tdng sai sb gitta gid tri u6c luong
cubi cung y! vay; (i = 1,2,...,N) dugc thé hién qua ham mat mat L (yi,y;). C6 kha nhiéu dang ham
mit mét c6 thé dudc st dung, trong d6 phd bién nhét 1a ham sai s toan phuong trung binh (mean
squared error) (MSE) dudc viét du6i dang nhu sau:

N
MSE = Z (yi - yl'.)2 (2)
=1

D€ nang cao hiéu qud ctia thuat todn GTB, dic biét Ia tranh hién tugng mo hinh qua khdp, trong
thuat toan XGBoost mot ham chinh quy héa (regularization) Q () dugc thém vao va ham mat mat méi
& vong lap thu ¢ dugc thé hién nhu sau:

JO = i y,, /(t) Zg(f" (3)
i=1

trong d6 cic ham f, chua thong tin vé ciu triic cta cdy ra quyét dinh va diém clia cac 14. Liic nay,
thong qua qud trinh t6i tu hAm muc tiéu J, cu tric clia cdc cy ra quyét dinh ciing sé dudc tbi vu.
Tuy nhién, viéc hun luyén ciy ra quyét dinh 12 mot bai toan phic tap hon rat nhiéu so véi bai toan
tdi wu thong thudng do rat khé dé kiém sodt tit ca cdc ciy cliing mot lic. Do vay, gidi phap bS sung
thudng dudc 4p dung trong d6 nhiing gi da dudc hoc sé dudgc giit cb dinh lai va thém cdy mot cdy méi
ciing thdi diém dé6. Lic nay, thong s6 dau ra y;(’) dugc xac dinh nhu sau:

(0
yl_<>=0

=f1 X)=y"+f (X-)
= A XD+ LX) =y + H(X)

“4)
’ I ’
= 3R X) =y Y+ f(X)
n=1
Néu xem ham t6i vu 12 ham MSE thi phuong trinh (3) lic nay dugc viét thanh:
N
JO =3 Ly ZQ(fn
i=1
N ()
= 3 L(yay " + £ (X)) + Q(f) + constant
i=1
Vé phéi phuong trinh (5) dugc sit dung bién ddi Taylor va gitt dén s6 hang bac 2. Liic ndy ta c6:
i 1
JO =3 L iy, V) + i (Xi) + Shi f2(X))| + Q(f,) + constant (6)
i=1
trong do:
gi=0 ,’(r—l)L()’i,y-(t_l))
(7

h —(9 '(z 1)L(yl, Un 1))
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Loai bd cac hing sb trong cong thiic (6), qua trinh tdi uu sé 12 t&i thi€u héa ham:

N

1
VEEDY [g,-ﬁ X)) + Ehifﬁ X) |+ Q) ®)

i=1

Cong thifc (8) cho thdy rang ham muc tiéu lic nay chi phu thudc vao g; va h;. Do d6, XGBoost ¢6
thé ty chon ham méit mat hiéu qua hon va c6 thé 4p dung cho nhiéu dang ham méit mat hon véi cling
mot cach giai 1 xem g; va h; 12 bién dau vao.

Ham cu tric cdy f, dugc dinh nghia nhu sau:

J1 (X)) = wyx) )
trong d6 w 1a véc-to di€m tai cdc 14, g 1a mot ham dudce gan cho moi dit liéu tai 14 tuong ting.
Ham Q (f,) c6 thé dudc chon nhu sau [20]:

T
Q(f,,):yT+%AZw§ (10)
=

trong d6 y thé hién cho do phiic tap clia td chifc cac 14 trong cdy ra quyét dinh; 7 1 s6 luong 14 clia
mot cdy ra quyét dinh; A 12 hé s6 phong dai ctia ham phat; w 1a véc-to diém ctia céc 14.
Liic nay ham muc tiéu dudc viét thanh:

o

iel iel

+yT

(11)

i 3

[Gw, S (Hj+ w2 | +9T

i=1

trong d6 /; dai dién cho tat cd cdc mau trong 14 th j. Bay gid bai todn cyc tiéu clia ham mat mat dugc
chuyén thanh bai toan tim gia tri nhd nhit cia ham bac hai. N6i cach khéc, sau khi phan chia mot niit
nao dé trong cdy quyét dinh, néu hiéu suét ctia mo hinh dugc cai thién thi phan chia d6 sé dudc chip
nhén. Néu khong, qua trinh chia tach niit sé diing lai. Nhd d6, su phan chia niit trong cy ra quyét dinh
sé ditng sém hon gitip ting hiéu suat ctia qua trinh huan luyén va tranh hién tugng mo hinh qua khdp.

3. Xay dung tap dit liéu huéin luyén

Hinh 2 thé hién tiét dién ngang dién hinh ctia
cot CFST tiét dién tron. Trong d6, dudng kinh
ngodi cua tiét dién va chiéu day ctia 6ng thép ky
hiéu 1a D va r. Tap dit liéu gom 1017 két qué thi
nghiém vé cot CFST tiét dién tron chiu nén ding Ong thép
tam do Thai va cs. [26] thu thap dugc st dung. Chi :
tiét bo dit liéu c6 thé xem tim thiy trong tai liéu \‘ D L
[26]. Céc dit liéu bao gom 6 thong s6: D, ¢, cudng
dd chay cua thép (f}), cudng do chiu nén cla bé
tong (f7), chiéu dai cot (L) va kha ning chiu nén
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ding tAm ctia cot (N). Su phan bd clia cdc thong s6 niy dudc thé hién trong Hinh 3. Céc gid tri 16n
nhat (GTLN), gid tri nhd nhit (GTNN) va gi4 tri trung binh (GTTB) cia c4c thong sb ciing dudc thé
hién. Két qua cho thiy 14 phan 16n cot CFST dugc thi nghiém véi cuong do thép thong thuong (trén
90% mau ¢ f, dudi 460 MPa va trén 75% mau c6 f, < 50 MPa). Cung vdi d6 1a phan 16n mau la
dang tiét dién chic va khong chic, c6 rét it tiét dién thudc dang manh. Su tuong quan giita cac thong
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s6 dugc thé hién trong Hinh 4. Két qua cho thiy c6 mdi tuong quan rat 16n gitta N va D ciing nhu 1a

Nvat.
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D t L fy fc N

Hinh 4. Tuong quan giiia cic thong sb khao sat

Trong mo hinh huén luyén, céc thong s6 dau vao dugc Iva chon 1a 5 thong sb: D, 1, Sy fl va L.
Thong s6 dau ra chi c6 1 thong sd 1a N. Tu tap dif liéu ban dau, 2 tip dif liéu riéng biét dudc xay dung
1a tap huén luyén va tap ki€m tra. C4c dit liéu dugc chuén héa vé trong khodng [0, 1] dya trén cong
thic sau:

(=t (12)

N Tl

trong d6 [x;] 1a gia tri 16n nhat cta bién dau vao x;. Dang md hinh st dung trong nghién ctu nay la
mo6 hinh hoi quy. Ngon ngit 1ap trinh Python cing thu vién Sklearn dugc st dung dé xay dung chuong
trinh huén luyén. Mot s6 thong s6 chinh ctia mo hinh huin luyén st dung thuat toan XGBoost dudc
14y nhu sau: sb lugng ciy ra quyét dinh n_estimators = 10000, dang cdy ra quyét dinh 12 ‘gbtree’, ti 1&
hoc dugc 14y bang learning_rate = 0,01, dang ham mét mat 1a MSE, ¥ = 0 va A = 1. C4c tham s6 khéc
14y theo gia tri hé thdng cho sin. Luu y ring, cic gid tri nay dudc xac dinh dua trén viéc thi nhiéu lan
nham tim ra két qua t6t nhit cho mé hinh huén luyén.

4. Két qua

Trong phan nay, hiéu suit cia XGBoost dudc so sanh véi 3 thuit toan ML phd bién khac hién nay
1a SVM, RF va Adaboost. D€ ting tinh khach quan trong két qua tinh toan clia cac thuat todn, ky thuat
Kfold dudgc st dung vé6i 10 tap con khac nhau. Piéu nay c6 nghia 12 tap dif liéu sé dudc chia thanh 10
tap con, va lan lugt chay 10 Ian trong d6 cd 1 1an chay sé 1iy 9 tap con tao thanh tap huin luyén va
tap con lai 13 tip ki€ém tra mo6 hinh. Két qui cudi cung sé 1 gid tri trung binh ctia ca 10 1an chay do.
Dé giam thi€u anh huéng ciia tinh ngiu nhién trong qua trinh huin luyén, mdi thuat todn sé chay 10
lan doc 1ap. Két qua so sanh ciia cdc thudt toan dudc danh gid dua trén 3 gid tri 1a MSE, hé s6 R? va
hé s& R? hiéu chinh (R2). K&t qua ctia mé hinh hudn luyén déi véi tip kiém tra duoc thé hién trong
Bang 1. Két qué cho thiy ring gia tri MSE trung binh khi st dung XGBoost chi 1a 7,08E-5, nhd hon
kh4 nhiéu so véi két qua thu dugc khi st dung SVM, RF va Adaboost. Md hinh huin luyén st dung
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XGBoost ciing cho két qui R? va R? 1a cao nhét trong 4 thuit todan ML dugc xem xét. Diéu nay c6
nghia ring, d6i v6i bai todan dudc xem xét, XGBoost c6 hiéu suit tét hon 3 thuat toan SVM, RF va
Adaboost. Ngoai ra, thdi gian chay trung binh ctia XGBoost chi 12 18,38 (s), nhd hon khé nhiéu so véi
29,32 (s) cia SVM, 68,73 (s) cia RF va 34,67 (s) ciia Adaboost.

Bang 1. So sanh cic thuit toan ML dbi véi tap ki€m tra

Lin XGBoost SVM RF Adaboost
chay  \isg R? R MSE R? R MSE R? R MSE R R
1 321E-5 0,995 0994 225E-4 0968 0966 2,15E-4 0970 00968 9,88E-5 0,985 0,985
2 435E-5 0994 0,993 233E-4 0963 0961 224E-4 0970 0968 1,77E-4 00982 0,981
3 467E-5 0993 00993 235E-4 0960 0958 233E-4 0972 0971 3,77E-4 0967 0,965
4 1,78E-4 0985 00985 2,60E-4 0962 0960 222E-4 0969 0968 937E-5 00982 0,981
5 507E-55 0990 0,990 221E-4 0972 0970 443E-4 0963 0961 7.47E-5 00987 0,986
6  3,56E-5 0994 00994 260E-4 0965 0963 173E-4 0980 0979 3,10B-4 0977 0975
7 3,55E-5 0,994 0994 235E-4 0967 0965 378E-4 0968 00966 3,59E-4 0,957 0,955
8 1,93E-4 0975 0973 225E-4 0967 0965 189E-4 0975 0973 892E-5 0984 0,983
9  3,12E-5 00995 00995 226E-4 0968 0966 190E-4 0971 0970 7.49E-5 0988 0,987
10 611E-5 0989 0989 254E-4 0967 0965 274E-4 0970 00968 8,66E-5 0989 0,988
Trung
wop TO8ES 0990 0990 237E-4 0966 0964 2544 0971 0969 L74E-4 0980 0979
Ty (5) 18,38 29,32 68,73 34,67

Dé di sdu vao danh gid do chinh x4c ctia mo hinh huin luyén st dung XGBoost, két qua uéc luong
thu dudc tir viéc chay ngiu nhién 1 1an chuong trinh huin luyén dudc so sanh véi gid tri chinh x4c
tuong ting. Ti 1é mAu clia tap huin luyén va tap kiém tra 1a 80/20. Két qua dudc trinh bay trong Hinh 5.
Céc dudng nét dit trong hinh thé hién mdi quan hé gitta gid tri thi nghiém va gid tri uéc luong tir mo
hinh. C4c duding nay c6 dang phuong trinh 13 y = ax + b. Mot mo hinh tt sé c6 gid tri a tién gan dén
1 va b tién gan dén 0. Ta c6 thé thiy ring trong Hinh 5, md hinh XGBoost c6 do chinh xdc rit cao d6i
véi ca tap hudn luyén va tap kiém tra khi hé s6 a > 0,98 va b khd nho. Hé sb tuong quan R? dat dugc
1én dén trén 98,4%.

50000 35000
= ¢ 2
45000 - ¥ 0'9;293; G
30000 1 y=09801x +37.707 o
240000 Z R2=0984 .-
< 255000 |
35000 .. 5 &
2 30000 1 4 220000 -
225000 . 8 0.
a of s
o 215000 A
£20000 - g 0.
K4 ¢
815000 | o £ 10000 3
E10000 ° & r
= ] 5000 .
© 5000 - © %
0 . ; ; 0 , : .
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000

Kha nang chju nén dung tam ciia cft CFST (kN) Kha nang chiu nén diing tam cua cdt CFST (kN)

(a) Xét véi tap huén luyén (b) Xét véi tap ki€m tra
Hinh 5. Gi4 tri u6c lugng ctia mo hinh huén luyén so vé6i két qua thi nghiém
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TAm quan trong clia cdc thong s6 dau vao dudc thé hién trong Hinh 6. C6 thé thiy ring dudng
kinh ngoai ctia cot (D) c6 dnh huéng nhit d&n mo hinh huén luyén va 16n hon kha nhiéu so véi cic
thong s6 con lai. Tiép theo d6 la chiéu day ctia ctia dng (7). Anh hudng ciia cic thong s6 f, £/ va L
dén md hinh huén luyén 12 tuong dong v6i nhau.

Fy

Fc

L

0.0 0.2 0.4 0.6 0.8

Hinh 6. TAm quan trong clia cic thong s6 dau vao

5. Két luan

Trong nghién cifu ndy, mdt chuong trinh udc lugng kha niing chiu nén doc truc ctia cot CFST tiét
dién tron dugc xay dung. XGBoost, mot trong nhitng thuit todn may hoc manh nhat hién nay, dudc sir
dung. Mot tap dit liéu gom 1017 két qua thi nghiém vé cot CFST tiét dién tron chiu nén ding tAm dudc
st dung lam dit liéu huan luyén. Thong s6 dau vao ctia chuong trinh bao gdm: dudng kinh ngoai ctia
tiét dién (D), chiéu day cta dng thép (¢), cudng do chéy cta thép (f,), cudng do chiu nén tiéu chuén
clia bé tong (f7) va chiéu dai cot (L). Thong s6 dau ra 1a khd niing chiu nén ding tam ctia cot (N). Két
qua huin luyén ctia md hinh st dung XGBoost ¢6 MSE trung binh 1a 7,08E-5, va gia tri trung binh
ctia R? va R? hiéu chinh cung bing 99%. So vdi SVM, RF va Adaboost, hiéu suit ciia XGBoost 12 tdt
nhét xét trén 3 chi s6 MSE, R? va R? hiéu chinh. Thdi gian huén luyén ciia thuét todan XGBoost ciing
12 nhanh nhit. Do d6, ta c6 thé két luan rang thuét toan XGBoost c¢6 thé iing dung hiéu qua trong viéc
udc luong kha ning chiu nén doc truc ctia cot CFST tiét dién tron.
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