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Tém tit

Méng coc thuong dugc sir dung trong cac cong trinh cao tang xay dung trén nén dit yéu. Strc chiu tai cua coc 1a mot
trong nhimg yéu t6 quan trong trong qua trinh thiét ke va thi cong mong coc. Nghién clru nay Ung dung thuat toan
LightGBM dé danh gia stre chiu tai cia coc bé tong cbt thép. M6 hinh dugc huén luyén va kiém nghiém dya trén bo dix
liéu gdbm 472 mAu thi nghiém suu tAm tir tai liéu hién c6. Két qua tinh toan sau 30 lan chay ngiu nhién mé hinh cho
théy thuat toan LightGBM co6 thé dat dugc hiéu qua dy doan t8t voi can bac hai cua sai sb toan phuong trung binh 1a
90.94 (kN), sai s6 tuyét ddi trung binh 13 68.15 (kN), sai sb phan trim tuyét ddi trung binh 1a 7.41% va hé sb xac dinh 1a
0.93. Céc chi s nay ciing t6 ra vuot troi so v6i cac mo hinh khac. Do @6, mé hinh LightGBM c¢6 thé 1a cong cu hitu ich
hd trg cac ki su trong bai toan du doan stic chiu tai clia coc bé tong.

Tur khoa: strc chiu tai; coc bé tong cbt thép; hoc may c6 giam sat; thuat toan LightGBM; tri tué nhan tao.

Abstract

Pile foundations are frequently used for high-rise structures constructed in weak ground. The bearing capacity of pile is
an important factor required during the design and construction processes of pile foundations. This study applies the
LightGBM algorithm to estimate the bearing capacity of reinforced concrete piles. The model is trained and tested
based on a dataset of 472 samples collected from existing literature. The calculation results after 30 random runs of the
model show that the LightGBM algorithm can achieve good prediction performance with average root mean square
error of 90.94 (kN), average mean absolute error of 68.15 (kN), average mean absolute percentage error of 7.41% and
average coefficient of determination of 0.93. These parameters are much better than those of other models. The
proposed model can be a potential alternative to assist civil engineers in the task of reinforced concrete pile bearing
capacity prediction.

Keywords: bearing capacity; concrete pile; supervised machine learning; LightGBM algorithm; artificial intelligence.
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1. Gigi thi¢u

Moéng coc 1a mot thanh phin quan trong
trong thiét ké va thi cong cac cong trinh nha
cao téng. C6 nhiéu loai coc khac nhau nhu coc
dong biang gd, coc thép, coc bé tong duc sdn,
coc khoan nhdi, coc 1am tir cac vat liéu téng
hop (composites)... Mong coc c6 vai trd truyén
tai trong dén 16p dat co tinh chit co 1y tt (dat
d4 cing), gop phan vao viéc dam bao do bén va
tinh on dinh t6ng thé clia cong trinh. Do dé, strc
chiu tai cua coc ludn 1a mot thong sb6 duoc cac
k¥ su va cac nha khoa hoc quan tam.

Hién nay, c6 nhiéu phuong phap danh gia
kha nang chiu tai cua coc da dugc ap dung trén
thuc té. Thi nghiém nén tinh coc duoc cong
nhéan rdng rdi la phuong phap dang tin cay va
c6 d6 chinh x4c cao dé xac dinh strc chju tai
clia coc. Phuong phap nay mo phong lai gan
ding qua trinh lam vi¢c va trng xur cta coc. Tuy
nhién, phuong phéap thi nghiém nay thuong doi
hoi quy trinh chuan bi phirc tap, ton thoi gian
va chi phi twong d6i cao. Vi viy, thi nghiém
nén tinh coc chi kha thi doi véi cac du an c6
quy mo lon.

Déi v6i cac dy an & quy mo nho va tai chinh
c6 han, thi nghiém xuyén tiéu chuan (the
standard penetration test (SPT)) la mot phuong
an kha thi cho viéc xac dinh strc chiu tai cia
coc [1, 2]. Cac bd dir liéu thu duogc tur thi
nghiém xuyén tiéu chuan SPT di duoc st dung
trong mot sb nghién cuu dé dyu doéan stc chiu
tai cua coc [3, 4]. Ngoai ra, con c6 mot sb
phuong phap khac dé xac dinh kha ning chiu
tai cia coc nhu phuong phap phan tich tinh
hoc, phan tich dong hoc, thi nghiém dong luc
hoc [5]...

Hién nay, viéc ung dung tri tu¢ nhan tao va
cac md hinh hoc mdy dang ngay cang tré nén
phd bién hon trong hau hét moi linh vuc nhu
kinh té, k¥ thuat, x3 hoi néi chung va linh vuc
xdy dung noi riéng. Céach tiép can nay c6 mot
s6 uu diém nhu tinh hién dai, nhiéu md hinh

hiéu qua, co thé ap dung cho cac bo dir liéu véi
nhimg quy mé khic nhau, tinh kinh té cao...
C6 thé ké ra mot sd nghién ctru gan day nhu:
du bao khuyét tit mat duong [6]; du doan
cuong do lién két giira cbt thép bi dn mon va
16p bé tong xung quanh [7]; du doan do vong
ctia dam bé tong [8]; du doan hién twong bong
troc ciia bé tong [9]; du bao bién dang tir bién
ctia bé tong xanh [10]; du doan bién dang tir
bién cta cac dam va san bé tong cdt thép
(BTCT) st dung md hinh hoc may XGBoost
[11]; danh gia kha nang choc thing san BTCT
[12]; du doan vét nut trong dam BTCT [13]; du
doén cuong do chiu cit cua cac két cdu BTCT
[14]...

Trong bai bao nay, tac gid rng dung mo hinh
hoc may c6 giam sit LightGBM dé dy doan
kha nang chiu tai cia coc dua trén bd dir li¢u
g@)m 472 mau thi nghiém dugc suu tam tur tai
liéu nghién ctru thir nghiém trudce do [15].

Céc phan tiép theo ciia bai bao b tri theo thir
tu sau: muc 2 trinh bay phuong phap nghién
ctru, gidi thiéu vé mo hinh LightGBM va mé ta
tap dir liéu thuc nghiém; muc tiép theo trinh bay
cac két qua tinh toan, so sanh va thao luan; mot
s6 két luan va hudng nghién ctru mé rong cta dé
tai 1a noi dung ctia phan cudi bai bao.

2. Phuwong phap nghién ciru
2.1. M6 hinh LightGBM

LightGBM la mot mo hinh dugc phat trién
boi to chitc Microsoft Research Asia [16] dua
trén phuong phap cdy quyét dinh ting cuong
(Gradient Boosting Decision Tree (GBDT)).
Mo hinh nay dugc biét dén nho hiéu qua tinh
toan cao, dic biét ddi véi cac bai toan du doan
¢6 s6 luong dir lidu 16n. Nham muc dich giai
bai toan chon va phan tach cac chi s6, mé hinh
GBDT 4p dung phuong phap sip xép trudc.
Phuong phap nay c6 vu diém 1a c¢6 thé xac dinh
chinh xac diém phan tach. Tuy nhién, néd co
nhuoc diém 13 tiéu ton kha nhiéu thoi gian tinh
todn va bd nho luu trir.
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Trong khi hdu hét cac thuit toan ciy quyét
dinh déu phat trién cay theo cdp do (do siu)
(Level-wise tree growth) (Hinh 1). Tuy nhién,
quéa trinh tim kiém va phan tach nhiéu 14 c6
mic d6 thu thap thong tin thip 1a khong can
thiét, diéu nay lam tang muc tiéu thu bd nhé bd
sung va khién phuong phap nay khong hiéu
qua. Thuat toan LightGBM la phuong phap dua
trén biéu d6 va chién luoc ting trudng theo
chiéu 14 cua cdy (trees leaf-wise growth
strategy) (Hinh 2) vé6i gioi han do sau tdi da
nham ting toc do huan luyén mo hinh va giam
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murc tiéu thy bo nhd [17, 18]. Chién lugc ting
truong theo chiéu 14 chi tach 14 ¢6 mirc thu thap
thong tin 16n nhét trén cing mot 16p nén s&
mang lai hi€u qua cao hon. Trong phuong phap
LightGBM, d6 sau tdi da cua cay duoc gioi han
trong qué trinh sinh truéng ciia ciy nhim muc
dich han ché hién twong khép qua murc (over-
fitting) [17]. Trong nghién ctru nay chung t6i sur
dung cac tham sb sau cho mé hinh LightGBM:
dbi tuong 'objective’ ‘regression’; phuong
phap 'boosting' = 'gbdt' va sb 14 ti da trén mot
cay 'num_leaves' = 10.

SN AT

Hinh 1. Chién lugc ting trudng theo do siu ciia cdy

Hinh 2. Chién lugc ting truong theo chidu 14 ciia cay

2.2. Bg dir liéu thuwc nghiém

Trong nghién clru nay, chung téi su dung
mot bd dir liéu thuc nghiém gém 472 mau thi
nghiém coc bé tong cdt thép dwoc suu tam tir
tai liéu nghién ctru thir nghiém trude do [15] dé
du doan stc chiu tai cua coc. So do bd tri thi
nghiém dugc minh hoa trén Hinh 3. Céc yéu té
anh huong dén stc chiu tai cua coc duoc chon
lam bién dau vao ciia mé hinh LightGBM gom:
duong kinh coc (X1); do day 16p dat thir nhat

(X2); do day 16p dat thir hai (X3); do day lop dat
thi ba (X4); cac bién tir Xs dén Xs lan luot 1
cac mdc cao d6 cua dinh coc, d6 cao cua nén
dét tu nhién, do cao doan dinh coc va do sau
chdn coc duge thé hién rd trén Hinh 4; X dén
X10 13 gid tri trung binh cua sé bua SPT dém
doc truc coc va dinh coc. Gia tri dac trung cho
stc chiu tai cua coc dugc ky hi¢u 1a Y. Bang 1
trinh bay cac sb liéu thong ké cua cac bién dau
vao va bién dau ra.

Béang 1. Mo ta thong keé cac bién dau vao va dau ra

Bién s Kyhiéu  Min B PLC Max
Duong kinh coc (mm) X1 300.00 363.77  48.12 400.00
Do day 16p dat thir nhat (m) X2 3.40 3.83 0.48 5.72
Do day 16p dt thir hai (m) X3 1.50 6.58 1.64 8.00
Do day 16p dat thir ba (m) X4 0.00 0.33 0.46 1.69
D9 cao dinh coc (m) Xs 0.68 2.80 0.62 40
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Do cao nén dat tu nhién (m) Xs 3.04 3.50 0.08 4.12
D0 cao doan dinh coc (m) X7 1.03 2.92 0.60 4.35
D0 sau chon coc (m) Xs 8.30 13.54 1.80 16.09
Gié tri trung binh cta s6 bua SPT dém Xo 560 10.74 296 15.41
doc truc coc ] ]
Q1a tri trung binh ctia s6 btia SPT dém tai Xig 438 706 0.66 775
dinh coc
Strc chiu tai cua coc (KN) Y 407.20 984.20 353.21  1551.00

(chay: TB - trung binh; DLC - d6 léch chuan)

Tai trong

Coc bé tdng

IDém chinh

Hinh 3. So d6 thi nghiém do sirc chiu tai cta coc bé tong cbt thép

Boan cocthép

X7

Lop dat thir hai

|Lop datthtr ba

L6p dét thir tur

lopdatthenhat /// /7 /
I L

L&p @At thie nam

Hinh 4. Két ciu coc bé tong cdt thép va lat cat dia chat
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3. Két qua tinh toan va thao luin

Trude khi hun luyén mé hinh, bo dit liéu s&
duge xur 1y bang phuong phap bién déi dit liéu
diém Z (Z-score data transformation) (cong
thirc (1)). Thao tac nay c6 tac dung giam tac
dong tiéu cuc cua cac bién s6 co gia tri 16n. Sau
khi c¢6 két qua tinh toan bang md hinh
LightGBM, chiing t6i st dung cac thong sb sau
dé danh gia hiéu suét tinh toan ctia mo hinh:
cin béc hai cila sai s6 toan phuong trung binh
(RMSE), sai s6 tuyét ddi trung binh (MAE), sai
sO phan trim tuyét d6i trung binh (MAPE) va
hé s6 xac dinh (R?) (cac cong thirc (2-5)). Sir
dung cac thong sb nay s& gitip danh gid hiéu
qua ctia md hinh ¢ nhiéu khia canh khac nhau.

_ Xp—myp
X, = ez 1)
[
1 -
RMSE = H||;E?:1(Y,q,i - YP,i)z (2)
_ ien Yai-¥pil
MAE = _3X, - 3)
MAPE — 1m_l% J:.-:1|1",q i~¥pil (4)
Yai
R*=1—-XEL,(Ya; —Yp)?/ZL4(Ya; —F)°
(5)
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trong d6 Xn va Xo lan luot 1a ky hiéu cac bién
dd chudn héa va bién ban dau; mx va sx 1 gia
tri trung binh va d¢ I¢éch chuén cua bién ban
dau; Yai va Y, la bién du ra thyc té va du
doan ctia mau dir liéu tha i"; ¥ 1a gia tri trung
binh cta cac bién phu thudc thuc té: N 1a sb
mau dir liéu.

Trong nghién ctru nay ching téi Gng dung
ngoén ngir Python va thu vién scikit-learn dé
huén luyén va thoe nghiém thudt toan
LightGBM. Tap dir liéu duoc chia ngau nhién
thanh tap thir nghiém 10% va tap huan luyén
90%. M0 hinh dugc chay 30 lan. Két qua du
doan kha nang chiu tai cia coc bé tong (kN)
bang mo hinh LightGBM trong hai giai doan
huin luyén (training) va thir nghiém (testing)
sau 30 lan chay thé hién trén Hinh 5. Céc diém
dir liéu du doan (cac chAm mau xanh) nam trén
hodc phan bd cang gan duong thang thi mo
hinh du doan cang chinh xac. Gi4 tri trung binh
ctia hé s6 xac dinh R? sau 30 1an chay trong hai
giai doan huan luyén va thir nghiém lan luot
bang 0.96 va 0.93. P chinh xac ctia mé hinh
cang cao khi gia tri nay tién dan dén 1.

Testing

1600.0
e Line of Best Fit

1400.0

1200.0

1000.0

800.0

Predicted Ouput

600.0 | «o 85,97

400.0

400.0 600.0 800.0 1000.0 1200.0 1400.0 1600.0
Actual Ouput

Hinh 5. Két qua du doén ctia mo hinh trong cac giai doan huan luyén (training) va thir nghiém (testing).
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Bang 2. So sanh két qua tinh toan ctia mo hinh LightGBM véi cac mo hinh khac

Giai  Thong  Leeun BPANNR RTR RVMR  LightGBM
d“?“ 0 TB PLC TB BHLC TB DLC TB DLC TB DLC
E‘;:E R('\k"NS)E 7699 126 9695 662 7213 182 7562 138 77.29 5.89
M(';SE 612 011 7.88 039 557 016 597 009 621 044
'\(’L'Q)E 5722 115 7529 409 5161 141 5555 100 56.60 4.02
RZ 095 000 092 00L 096 000 095 000 096 001
n;?:m R('\k"NS)E 9219 11.39 103.09 1533 10552 20.32 10259 14.59 90.94 10.61
M(@)';E 738 082 856 113 789 127 789 129 741 087
'\(’LQ)E 6897 928 8045 1154 7392 1191 7302 934 6815 830
R 093 002 090 003 090 004 091 003 093 002

(chty: TB - trung binh; PLC - d6 léch chuan)

Ngoai ra, két qua tinh toan trong bai bao nay
cling duge so sanh voi mot sé md hinh khac
trong nghién ctru [19]. Cac mo hinh dung dé so
sanh gébm: mo hinh héi quy véc to hd tro két
hop cong cu t6i uwu hoa ODFP-LSSVR
(Opposition-based DFP Least Squares Support
Vector Regression); mo hinh hdi quy mang no
ron nhan tao lan truyén nguoc BPANNR
(Backpropagation Artificial Neural Network
Regression); md hinh cdy héi quy RTR
(Regression Tree) va thuat toan hdi quy may
véc to lién quan RVMR (Relevance Vector
Machine Regression) [19] (Bang 2). Piéu nay
nham muyc dich danh gia twong quan hiéu suét
tinh toan cua mo hinh LightGBM so véi cac md
hinh khac trén nhiéu khia canh khac nhau. Dua
vao Bang 2 c6 thé rat ra mot sb nhan dinh sau:

i) Giai doan huidn luyén: mo hinh
LightGBM t6t hon cac md hinh ODFP-LSSVR,
BPANNR, va RVMR & chi s6 R2

i) Giai doan th& nghiém: mo0 hinh
LightGBM tot hon so véi tat ca cac mo hinh
con lai & cac thong s6 RMSE va MAE. Dua
vao gia tri hé s6 xac dinh RZ mé hinh

LightGBM tuong duong v&éi mdé hinh ODFP-
LSSVR va tét hon cic mo hinh BPANNR,
RTR va RVMR. Cu thé, cac chi sb trung binh
sau 30 1an chay cia mé hinh LightGBM ¢ giai
doan kiém nghiém lan luot 1a: RMSE = 90.94
(kN), MAE = 68.15 (kN), MAPE = 7.41% va
R?=0.93.

Do d6, m6 hinh LightGBM c6 thé dugc xem
1a cong cu phu hop dé tmg dung vao bai todn
du doéan kha nang chiu tai cia coc bé tong cbt
thép.

4. Két luan

Trong nghién ctru nay, strc chiu tai cliia coc
bé tong cdt thép dugc du doan bang moé hinh
hoc may LightGBM. M6 hinh dugc huén luyén
va kiém nghi¢m dya trén bg dir licu g@)m 472
mau thi nghiém suu tam tir cac nghién ciru thuc
nghiém truéc d6. Mudi yéu td c6 anh huong
dén kha nang chiu tai cua coc dugc chon lam
cac bién doc lap cia mo hinh. M6 hinh dugc
chay ngiu nhién 30 lan va so sanh két qua véi 4
mo hinh hoc may khac. Két qua tinh toan cho
thiy mé hinh LightGBM c6 kha ning du doan
v6i d6 chinh xac twong ddi cao thé hién & cac
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thong s6 RMSE, MAE, MAPE va R? ¢ ca hai
giai doan huén luyén va thtr nghiém. Do do, co
thé s dung mo hinh LightGBM nhu 1 mot
cong cu hitu ich gitp céc k¥ su du doan kha
nang chiu tai cua két cdu coc bé tong cdt thép
trong qua trinh thiét ké va thi cong cac cong
trinh.

Bén canh bai toan dy bao kha nang chiu tai
ctia coc bé tong cdt thép, tmg dung thuat toan
LightGBM d¢ giai cac bai toan khac trong linh
vuc x4y dung 12 huéng nghién ciru kha thi tiép
theo. Ngoai ra, viéc phat trién mo hinh
LightGBM két hop véi cac cong cu tdi wu hoa
qua trinh chia tap dir liéu va cac tham s cua
thudt toan cling 1la mot huéng md rong cia
nghién clru nay.
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