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Tém tit

Nghién ctru nay Gmg dung mé hinh hoc may XGBoost dé du doan kha ning chiu cit choc thung cua san bé tong cét soi
thép. Bo dir liéu gom 140 mau thi nghiém suu tam tir tai liéu dwoc sir dung dé dwoc huan luyén va thir nghiém mé hinh.
Céc bién dau vao cia mo hinh gom: do day san (X1); do day c6 hiéu cua san (X2); do dai hogc béan kinh cua mil ¢t hoac
cot (X3) dd bén chiu nén cua bé tong (Xa); ti 1& cbt thep (Xs) va thé tich cbt Sol thép (Xs). Két qua tinh toan sau 20 lan
chay ngau nhién mo6 hinh cho thay XGBoost dat hiéu suat du doan tot voi sai s6 binh phuong trung binh 1a 24.10, sai )
tuyét ddi trung binh 1a 17.63, sai sb phan trim tuyét di trung binh 14 8.11% va hé s6 xac dinh 12 0.94.

Tw khoa: kha nang chiu cit choc thiing; san bé tong cbt soi thép; hoc may c6 giam sat; thuat toan XGBoost; tri tu¢ nhan
tao.

Abstract

This study applies the XGBoost model to estimate punching shear capacity of steel fibre reinforced concrete slabs. The
model was trained and tested using a dataset of 140 samples obtained from existing literature. The input variables of the
model include: the slab depth (Xy), effective depth of the slab (Xz), length or radius of the loading pad or column (X3),
compressive strength of concrete (X4), the reinforcement ratio (Xs), and the fibre volume (Xe). The results of 20 random
runs demonstrate that the XGBoost model exhibits excellent predictive capabilities with average root mean square error
of 24.10, average mean absolute error of 17.63, average mean absolute percentage error of 8.11% and average coefficient
of determination of 0.94.

Keywords: punching shear capacity; steel fibre reinforced concrete slabs; supervised machine learning; XGBoost
algorithm; artificial intelligence.

1. Giéi thiéu nha dan cu, cac cong trinh stir dung vao muc dich
dd xe... Viée sir dung san phang hai phuong bang
bé tong cbt thép trong cac cdng trinh nay mang
lai nhiéu wu diém khac nhau bao gom tinh tién

Cac két cdu san phing bé tong cbt thép
thuong duoc sir dung trong nhiéu loai céng trinh
xay dung nhu cac toa nha van phong va cac toa
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loi trong thi cong, giam khéi lugng cong viée
trong khau lap dat cdt thép, giam chibu cao ting
va tang tinh my quan kién trac [1-5].

Mot trong nhimmg yéu té quan trong anh
hudng dén d6 bén va tudi tho cia san phing dé
1a kha nang choc thing san dwoc dic trung bang
luc cat choc thung san (Punching shear capacity
(PSC)). Néu san bé tong bj choc thung tai vi tri
cot, nhitng vét thung va vét nut ndy s& co xu
huéng md rong va lan sang xung quanh. Diéu
nay dan dén hau qua 1a san giam hodc mat kha
nang chiu lyc va cong trinh bi hu hai.

Trong nhitng nim gan day, ¢t soi thép da va
dang duoc stir dung ngay cang rong rai trong cac
két ciu x4y dung noi chung va san phang bé tong
cot thép ndi riéng. Cac loai cbt soi thép nay tao
nén két cau san phang bé tong co cdt soi thép
(steel fibre reinforced concrete slabs (SFRCS))
¢6 thé giup tang kha niang chdng choc thung san
bé tdng [6-9]. Nghién ctru hién tuwgng choc thung
san 12 mot bai toan phirc tap v6i nhidu yéu t6 anh
huong. Do do, viéc danh gid kha nang PSC cua
san SFRCS dua trén cac dit lidu thuc nghiém van
la mot nhiém vu dﬁy thach thuc va cac phuong
phap dua trén cong thirc khac nhau chua mang
lai két qua kha quan [1, 5, 10].

Hién nay, c6 nhiéu nghién ciru img dung cic
mo hinh hoc may trong linh vuc xay dung nhu:
st dung mod hinh hoc may XGBoost dé dy doéan
bién dang tir bién cua cac dim va san bé tong cdt
thép (BTCT) [11]; du béo bién dang tir bién cua
bé tong xanh [12]; du doan cuong d6 chiu cit
ctia cac két cdu BTCT [13]; danh gia kha ning
choc thung san BTCT [1]; du doan vét nirt trong
dam BTCT [14]...

Trong bai bdo nay, chung t6i s€ sir dung mo
hinh hoc may XGBoost dugc huén luyén va
kiém nghiém duya trén bo dir liéu gdm 140 mau
thi nghiém suu tAm tir cac cong trinh nghién ctru
trude d6 dé du doan PSC cua san SFRCS.

Céc phan tiép theo cta bai bao theo trinh tyr
sau: muc 2 trinh bay phuong phap nghién cuu

va mo ta tap dir liéu; muc 3 gidi thi¢u cac két qua
tinh todn va thao ludn; phan cudi bai bao tom tat
cac ket luan va huéng nghién ciru mé rong de tai.

2. Phuwong phap nghién ctru

2.1 M6 hinh Extreme Gradient Boosting
Machine (XGBoost)

M6 hinh XGBoost dugc xay dung boi tac gia
Tianqgi Chen trong mét du an nghién ctru tai Pai
hoc Washington [15]. M6 hinh nay c6 tinh linh
hoat trong str dung va tinh hi¢u qua tinh todn cao.
Mot sé tap doan 1én nhu Google, Amazon,
Facebook ciing ung dung XGBoost trong hoat
dong kinh doanh va tao ra cac san phém. MO ta
chi tiét mé hinh XGBoost ¢ thé tim thay trong
cac tai liéu [16-18]. Trong bai b4o nay ching toi
s& trinh bay ngén gon nhitng ndi dung chinh cta
phuong phép nay.

Cho mot tap gdm n mau D = {x;, y;}™,,
trong d6 x; € R™ 1a véc to dau vao véi m tinh
nang, va y; € R 1a véc to dau ra twong Gmg. Mot
cdy hoi quy duoc lién két véi tap D 1a cdy nhi
phan trong d6: i) mdi nut bén trong dai dién cho
mot quy tic phan tach quyét dinh ddu vao mau
thudc nhanh bén trai hay nhanh bén phai dua trén
dic diém dau vao; ii) mdi 14 duoc gan mot gia tri
12 du doan cua bién dau ra. Mdi 14 duoc lién két
v6i mot tap con I < {1,2,...,n} cua bién dau
vao, cac dau vao twong tng {x;,i € I} c6 clng
két qua dy doén.

Pit T 1a sb 14 caa cay hoi quy, w € RT thé
hién cac gia tri du doan hodc trong s6 lién quan
déncacla, g: D, € R™ — T biéuthi viéc gan tap
dau vao cho céc la khac nhau, f:R™ —
R, f(x) = wg(x) 1a ham du doan ctia cay.

Thuat toan XGBoost xay dung mot tap hop
cac cay hoi quy mot cach tuan ty va két hop
chung dé du doan cac gia tri dau ra. Goi ?i(t_l)
la gia tri du doan ctia dau ra y; tai budc thir t —
1, ¢ budc thir t, XGBoost xay dung mot cay vai
ham du doan f, dé giam thiéu ham muc tiéu sau:
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L' =Y 9 + @) = 3l 3V + fx) +Q(F) ()

trong d6 [ 1a ham t6n that.

1
Qf) = yT+5 A LW} (2)
trong d6 y 1a théng sé giam téi thiéu va A 1a thong sé diéu chinh L2.
L dugc tinh theo cong thirc sau [19]:
~(t- 1

L~ 30 |y 7070) + gif (&) + hifEED] + QfF) (3)

trong d6 g; = ayi(t-nl(yi,}?i(t_l)) vah; = 0;i(t_1) l(yl-,fli(t_l)).
Xét t6i thiéu hoa ctia ham muc tiéu don gian sau:
= 1
It =32, [gife(xd) + Shif3D] + Q(f) (4)

Tir d6 6 thé thu dugc cac gid tri toi uu w; va Lt nhu sau:

2
1ar (Zieljgi)
24 Lier; hita

*

Ziel]- gi
W] = - )
Zielj h;j+A

L'(q) = - yT (5)

trong d6 I; 1a tap con cua tap dau vao lién két véi la thir j, tae 13, [; = {i: q(x;) = j}.

Can luu ¥ rang, phuong trinh (5) chi c6 thé sir dung dé tim trong s t6i uu khi ciu tric ciia cay
da duoc xac dinh.

Mot cay méi duoc tao ra baing phuong phép phén tach trong cay hién tai. Qua trinh phén tach dugc
x4c dinh dé toi da hdéa murc gidm bi mat.

[ = 1 (Eiengi)z (Eiengi)z_(Ziezgi)z _ (6)
split = 3 Yietlghit4 ~ Zierghit2  Zierhi+2 |4

trong d6 I, va I 1a cac tp con cta tip dau vao lién két voi cac nat bén trai va bén phai sau khi phan
tach cay.

Thuat todn XGBoost

Xac dinh céc thong s cua md hinh XGBoost gdm sb budc 13p y, A va kich thudce budc nhay n
Sép xép tap dau vao theo céc gié tri tinh nang

Vi mbi budce lap t

Tinh g_ivah_i

Kiém tra cay hién tai va quyét dinh phan tach tét nhat dua trén phuong trinh (6)

Tinh céc trong s6 caa cay mai f;(x) dua trén biéu thic (5)

Giatri dy doan: 9 =9 +nf(x))  (7)

Tra lai m6 hinh XGBoost sau khi huan luyén

Hinh 1 Thuét todn XGBoost.
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Thuat toan XGBoost duoc thé hién trong
Hinh 1. Pé xay dung mé hinh xap xi ham dua
trén XGBoost, cac tham sb sau phai dugc dinh
nghia:

(i) (17): kich thudc budce hay toe dd hoc dugc
st dung trong biéu thac (7). Gia tri n trong
khoang [0,1], theo mac dinh n = 0.3.

(ii) max_depth d6 sau téi da cho trong khoang
[0, 0], theo mic dinh d6 sau t6i da bang 6

(iii) (1): thong s hiéu chinh L2 duoc sir dung
trong phuong trinh (2). 4 dao dong trong
doan [0, o], theo mac dinh 1 = 1.

Trong nghién ctru nay ching toi st dung cac
thong s6 mic dinh ciia XGBoost.

2.2 By dir liéu thuc nghiém

Trong bai bdo nay, chung t6i st dung mot bo
dir liéu thuc nghiém gém 140 mau dugc suu tim
tur tai liéu trong cong trinh nghién ctru trude do6
[5]. Cac yéu t6 anh huong dén PSC cua san
SFRCS gom: do day san (X1); do day c6 hiéu cua
san (X2); do dai hoac ban kinh cta mii cot hoac
cot (X3); do bén chiu nén cua bé tong (X4); ti l&
cot thép (Xs) va thé tich cét soi thép (Xe).

3. Két qua tinh toan va thao luin

Bo dir liéu dugce chuan hoa bang phép bién
d6i dir liéu diém Z (Z-score data transformation)
(cong thirc (8)) nham giam tac dong tiéu cyc cia
cac bién ¢6 gia tri 16n. Céc chi sb sau dugc st
dung dé danh gia hiéu sudt tinh toan cua
XGBoost: sai sd toan phuong trung binh
(RMSE), sai s6 tuyét ddi trung binh (MAE), sai
sO phan trim tuyét d6i trung binh (MAPE) va hé

sd x4c dinh (R?) (cong thic (9-12)). Viée st
dung nhiéu thuéc do khac nhau s& giup néu bat
cac wu va nhugc diém cta mo hinh [11].

Xy = X"s‘% 8
RMSE = \/;zl&lm,i — Yp)? 9)
MAE = %Zéil'y’*'yi—;jm (10)
MAPE = =2 5L, P (12)

R*=1-3L (Ya;i = Yp)?/ Zi1(Yai = ¥)?
(12)

trong d6 Xn va Xo lan luogt 14 cac bién da duoc
chuan hoa va bién dau vao chua qua xu 1y; mx
va Sx la gia tri trung binh va d¢ 1éch chuén cua
céc bién ban dau; Yaiva Ye, 1a gia tri bién dau ra
thuc té va du doan cua mau dir liéu the i™; ¥V 1a
gia tri trung binh cua cac bién dau ra thuc té; N
1a s6 lugng méu dit liéu.

Trong bai bao nay m6 hinh XGBoost duogc
xay dung dua trén ngon ngtt 1ap trinh Python va
thu vién scikit-learn. Bo dir liéu sé duogc chia
ngiu nhién thanh hai tdp con goém: tap thir
nghiém (10%) va tap huan luyén (90%). M6 hinh
duge chay 20 1an. Két qua du doan PSC cua san
SFRCS bang XGBoost trong giai doan huan
luyén (training) va thir nghiém (testing) sau 20
lan chay mo hinh thé hién trén Hinh 2. Co thé
thiy rang cac diém dir liéu dy doan bang mé hinh
da sb gan trung khép v6i két qua thuc nghiém
(cac diém mau xanh nam trén hoic phan bd gan
duong chéo “Line of best-fit”). Pac biét, mo6 hinh
c6 kha nang dy dodn vdi do chinh xac cao nhét
d6i v6i cac truong hop co6 PSC nho hon 350 kN.
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Hinh 2. Minh hoa ctia mé hinh du doan trong giai doan huén luyén (training) va thir nghiém (testing)

Bang 1 trinh bay chi tiét phan so sanh két qua
tinh toan cua thuét toan XGBoost trong bai bao
nay véi cac mod hinh hdi quy tuyén tinh da bién
lién tiép SPMLR (Sequential Piecewise Multiple
Linear Regression), m6 hinh mang no ron nhan
tao GD-BPANR (gradient descent
backpropagation) va mé hinh mang no ron nhan
tao LM-ANR (Levenberg-Marquardt
backpropagation) trong nghién ctru [1]. M6 hinh
XGBoost cho két qua du doan c6 do chinh xéc
cao hon so véi ba md hinh con lai & tit ca cac

chi sb trong ca hai giai doan huan luyén va thir
nghiém. Ngoai trir truong hop chi s6 hé sb xac
dinh R? thap hon mé hinh SPMLR (0.94 so véi
0.95). Cu thé, cac chi sb trung binh sau 20 lan
chay ctia mo hinh XGBoost & giai doan kiém
nghiém lan luot la: RMSE = 24.10, MAPE =
8.11%, MAE = 17.63, va R? = 0.94. Do d6, duya
trén nhitng phan tich trén thi mé hinh XGBoost
hoan toan cé thé su dung dé du doan PSC cua
san SFRCS véi d6 chinh x4c twong dbi cao.

Bang 1. So sanh két qua tinh toan ciia md hinh XGBoost vdi cac mé hinh khac [1]

Giai doan Thgng XGBoost SPMLR GD-BPANR LM-ANR
: sO TB bLC B bLC B bLC B bLC
Huin luyén RMSE  5.42 0.86 2195 292 2074 237  29.63 8.7
MAPE 0.46 0.07 8.74 1.07 7.73 0.75 10.85 3.48
MAE 144 0.22 1697 218 1534 173 2169 6.74
R? 0.99 0.00 0.96 0.01 0.97 0.01 0.93 0.04
Kiém nghiém RMSE 24.10 8.06 2747 522 3316 891 3578 15.06
MAPE 8.11 2.11 1121 279 1204 273 1373 8.03
MAE 1763 5.85 2152 3.79 24.9 583 26.38 9.84
R? 0.94 0.05 0.95 0.03 0.91 0.06 0.9 0.09

(TB: trung binh, BPLC: d6 léch chuan)

4. Két ludn

Trong bai bdo nay chung t6i sit dung mo hinh
hoc may XGBoost dé du doan PSC cua san
SFRCS. M6 hinh XGBoost duoc huan luyén va
thir nghiém dya trén bd dit li¢u thuc nghiém gém

140 mau thi nghiém suu tim tir cac tai liéu san
co. Sau yéu td sau duoc chon lam bién dau vao
cua mo hinh: d¢ day c6 hi€u ctia san; do dai hoac
ban kinh cua mil ¢ot hodc cot; dd bén chiu nén
ctia bé tong; ti 18 ¢t thép va thé tich cdt soi thép.
Két qua tinh toan va so sanh cac thong s RMSE,
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MAE, MAPE va R? véi cac mo hinh khac nhu
SPMLR, GD-BPANR va LM-ANR cho thiy mé
hinh XGBoost c6 kha nang du doan PSC cua san
SFRCS véi d6 chinh xac tuwong ddi cao.

Ung dung md hinh XGBoost véi cac thuat
toan toi uu hoa cac tham sd nhim nang cao hiéu
suét tinh toan va cai thién do chinh xac du doan
ctia mo hinh ciing 1a mot hudéng nghién ctru mo
rong cua bai bdo nay trong tuong lai.
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