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TGM TAT

Ma sat am (Negative Skin Friction) |3 mat hién tugng thuang xay
ra trong cac phuong &n mong coc tai céc khu vuc san |&p trén
nén dat yéu. Ma sat am lam cho tai trong tac dung én coc téng
|&n va lam suy giam kha nang chiu tai cia coc, diéu nay anh
hudng rét |an ddi voi thigt k€ nén mang, co thé dan dén hign
trgng mét dn dinh cia cong trinh khi dwa vao sir dung. Céc cong
thire truyén thang dua trén kinh nghigm chua thé hién dugc tinh
phi tuygn va chi thé hién dugc mat vai thang sd co ban cia nén
dat. Bai bao nay nghién ciu tdi vu haa ma hinh dy doan ma st
am thang qua thuat toan Bayesian. K&t qua nghién ciru cho thay
quy trinh két hop gita Bayesian va tdi vu haa lam gidm sai sd du
bao (MAE/RMSE) so vai cac cang thic truyén thing ciing nhu
cac ma hinh khang tdi wu; ngoai ra ca thé cung cap mat khoang
dy bao déang tin céy cho vigc thigt k& mang coc cia céc cng
trinh trong tu.

Tir khoa: Ma sat &m, tdi vu hoa, thut toan Bayesian, phuong phap
hoc may. sirc chiu téi coc.

ABSTRACT

Negative skin friction (NSF) is a common phenomenon in pile
foundation systems constructed on reclaimed ground over soft soil
deposits. NSF increases the load acting on the piles and reduces their
bearing capacity, which can significantly affect foundation design and
may even |ead to structural instability during service. Traditional
empirical formulations do not adequately capture the nonlinearity of
the phenomenon and typically incorporate only a limited set of soil
parameters. This paper investigates the optimization of NSF
prediction models using a Bayesian algorithm. The results indicate
that the integration of Bayesian inference with optimization
techniques substantially reduces prediction errors (MAE/RMSE)
compared with both traditional empirical equations and non-
optimized models. Furthermore, the proposed approach provides a
reliable predictive interval that can be effectively used in the design
of pile foundations for similar engineering projects..

Keywords: Negative Skin Friction, optimization, bayesian
algorithm, machine learning methods, pile bearing capacity.

1. TONG QUAN

Kha ndng chiu tai coc trong bai todn moéng coc la mot yéu té
cuc ky quan trong anh hudng rat |6n dén viéc thiét k€ va 6n dinh
clia cong trinh khi dua vao khai thac. Tuy nhién, hién tugng ma st
am néu co xay ra sé anh hudng va lam giam kha nang chiju tai cta
coc trong céc diéu kién nhu ha thdp muc nudc ngam, qua trinh cé
két clia nén dat trong cong tac xt ly nén dat yéu bang cach gia tai
trudc. Tai cac vung déng bang chau thé nhu Déng bang séng
Héng hay Déng bang song Cliu Long hodac cac khu vuc san 1ap lan
bién hién tugng bién dang c6 két xay ra thudng xuyén rat dé dan
dén hinh thanh hién tugng ma sat am (Hinh 1). Do vay dé lun bé
sung hay la luc kéo xudng phat sinh can dugc xac dinh that chinh
xac trong giai doan thiét ké chi tiét. Hién nay, trong cac du an da
phan phu thudc theo cac phuong phap thuc nghiém hodc moé
phong phan mém nham du doan hién tugng ma sat am nay.

Cac phuong phép phan tich hién tugng ma sat am da phan
déu dua trén ly thuyét co hoc dat truyén théng cé thé ké ra bao
goém:
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e Phuong phap a: Gilra stic khang cat cia dat va va tai trong
phat sinh kéo xuéng sé c6 mét mai quan hé dé 1a hé sé a. Day la
mot phuong phap dugc dé xudt kha lau théng qua cac két qua
thuc nghiém. Phuong phap nay chua thé hién su phi tuyén va su
da dang cla cac théng s6 co6 thé anh dén hién tugng ma sat am
nay.

e Phuong phép dua trén cac thi nghiém hién trudng nhu: CPT,
SPT hay Pile Load Test. Phuong phap nay st dung sé liéu thi
nghiém dé xac dinh pham vi xuat hién tugng ma sat am. Tuy nhién
phuong phap nay it dugc ap dung do lién quan dén chi phi va diéu
kién tién hanh thi nghiém.

e Phuong phap sé: thé hién dugc su tuong tac gilia coc va dat
nhung yéu cau rat cao vé tinh chinh xac ctia thong sé dau vao
cling nhu thoi gian mé phong tuong doi dai.

Randolph va Wroth (1978, 1981) da khai dau cac ly thuyét va
dé xudt phuong phép a. Van Impe va cong su (1999) phét trién viéc
danh gia tinh phi tuyén ctia nén dat thong qua phuong phéap phan
t& hitu han. Haider et al. (2016) théng qua két qua thi nghiém CPT
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va phuong phap may hoc dé danh gia hién tugng ma sat am, dat
d6 chinh xac cao hon so véi phuang phap a. Zhang & Li (2019) két
hgp Bayesian Optimization véi XGBoost dé€ t6i uu mé hinh du béo.
Cac nghién ctu nay cho thay kha nang tng dung phuong phap
hoc may va céc thuat toan tién tién giip nang cao dé chinh xac va
giai quyét duac bai toan phi tuyén.
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Hinh 1. Hién tugng ma sét dm

Huynh va cong su (2015) da tién hanh danh gia hé sé a cho dia
chét tai khu vuc déng bdng séng Clu Long thong qua luc kéo
xudng trong coc. Nguyén va Tran (2018) nghién ctu danh gia ma
sat am théng qua qua trinh san 18p nén dat va su thay d&i ctia muc
nudc ngam théng qua coc tai hién trudng. Phu va céng su (2020)
da tim cach xac dinh cac yéu t6 c6 thé anh hudng dén viéc coc bi
kéo xudng théng qua di liéu cac dy &n san lap tai mién Tay, Viét
Nam. Céc nghién ctu trén da chi ra rdng cac céng thic truyén
thong con nhiéu thiéu sot trong viéc danh gia suc chiu tai coc khi
gap hién tugng ma sat am, dac biét la trong diéu kién nén dat yéu,
phtc tap vé mat dia tang.

Théng qua cac nghién ciu trudc day, trong bai bdo nay tac gia
dé xudt mé hinh hoc may dugc t6i uu hoa bing thuat toan
Bayesian dé du doan ma sat am dua trén tap di liéu thu thap duoc.
Uu diém ctia mé hinh dé xuat giup cai thién dé chinh xac ciia mé
hinh may hoc va da c6 bao gém cac yéu t6 bat dinh.

2. PHUONG PHAP NGHIEN CUU

2.1. Thu thap va xt ly dir liéu

B6 d liéu dugc thu thap théng qua cac nghién cdu trudc day
va mot s8 du an tai cac ving sét mém & Béng bang séng Cliu
Long.

Cau tric d liéu dugc chia thanh 2 nhém chinh bao gém:

e Thong s6 dat: Stic khang cat khong thoat nudce Sy; Chi s6 nén
Cc; Hé s6 c6 két theo phuong ding C,; M6 dun khéng cit G

e Théng sé coc: Vat liéu; Dudng kinh D; Chiéu dai coc L

Chudn hoéa dur liéu: bo dir liéu duge chudn hoa theo phuong
phap Min-Max Scaling dé ddm béo toan bé cac bién c6 cling thang
do va giip mé hinh ANN cla phuong phap hoc may dugc héi tu
nhanh hon.

2.2. M6 hinh hoc may

M6 hinh Artificial Neural Network (ANN) dugc lua chon vi: ¢
thé gitp moé phdng cac bai toan phi tuyén phic tap; khad ning
téng quat hda cao khi c6 dugc tap dir liéu da dang da qua huan
luyén; va dac biét la dé két hgp véi thuat toan Bayesian.

Kién tric mang ANN bao gom:

e Kiéu mang: Mang noron da I6p dugc ap dung thudng xuyén
cho céc bai toan héi quy.

e S8 16p dn: st dung tir 1-3 13p ( sé dugc t6i uu hda bang thuat
toan Bayesian).

e S6 neuron mai l6p: st dung trong khoang tur 80-128.

e Ham kich hoat: Rectified Linear Unit ap dung cho cac I6p an;
Linear ap dung cho |6p dau ra dé€ phu hop bai toan héi quy.

e L&p dau vao: tuong Uing vdi s6 bién dau vao da chudn hoa (n
bién).

e L&p dau ra: 1 no-ron, chinh la gia tri ma sat am du doan.

2.3. Thuat toan Bayesian

Trong qua trinh thuc hién, thuat toan t6i uu Bayesian dugc st
dung dé xac dinh bo siéu tham s6 cho mé hinh hoc may ANN dé
danh gid hién tugng ma sat am théng qua cac di liéu thuc
nghiém. Tl nhiing nghién ctu trudc day cho thay, Bayesian rat
thich hgp cho cac ham muc tiéu bat dinh, khong c6 dang giai tich.

Thuat toan Bayesian bao gom hai thanh phan chinh:

e Mé hinh thay thé: cac hanh vi ctia ham muc tiéu dugc mo
phéng gan dung.

e Ham lua chon: sé lya chon tap siéu tham s6 tiép theo dé
danh gia.

Trong bai bdo nay, mé hinh Gaussian Process (GP) dugc lua
chon la mé hinh thay thé, gitp udc lugng dé bat dinh va céac gia tri
trung binh cla cac tap siéu tham sé. V3i sy can bang hiéu qua gila
khai thac (exploitation) va kham pha (exploration), mé hinh
Expected Improvement (El) dugc st dung lam ham lya chon.

2.4. Dién giai mé hinh bang phuong phap SHAP

Trong nghién cdu nay, d€ danh gia ca ché lam viéc ca mé
hinh hoc méy ANN thi phuong phap Shapley Additive exPlanations
(SHAP) dugc st dung. Phuaong phap SHAP dugc dung dé danh gia,
do ludng muic d6 dong gop cla ting bién dau vao vao gia tri du
doan dau ra. Théng qua viéc cung cap: tdm quan trong téng quat;
huéng tac dong tiéu cuc hodc tich cuc; su tdc ddng cua céc tép dir
lieu, di€u nay giup danh gia mé hinh dé xudt mot cach rd rang va
toan dién hon.

Hién tugng ma sat am chiu anh hudng rat 1én baéi sy tuong tac
gilia coc - dat trong qua trinh lam viéc véi cac diéu kién khac nhau.
Do d9, viéc hiéu rd co ché du doan la rat can thiét dé dam bao mo
hinh phan anh ding qua trinh tuong tac cda hién tugng nhu trong
thuc té. Viéc ap dung SHAP dé tra |3i 2 y sau:

e Tim ra nhan t6 anh hudng |6n nhat dén két qua ma sat am.

e Mé hinh ANN khi két hgp thuat toan Bayesian da hoc dugc
ma&i quan hé nao trong bai todn ma sat am.

3. KET QUA VA THAO LUAN

3.1. Hiéu qua t8i wu héa siéu tham sé bang Bayesian
Optimization

Nghién ctu da thir téng hgp béi 2 phuang phap do la: sir dung
mo hinh ANN thuéan tdy va mo hinh ANN + thuat toan Bayesian.
Két qua tu hinh 1 bén dudi cho thdy mé hinh khi c6 t8i uu héa BO
6n dinh hon.

Hinh 2. Budng cong hdi tu trudc va sau khi tdi uu hda Bayesian
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Bang 1. Bang két qua so sanh, danh gia ctia mé hinh ANN va
ANN + BO

M6 hinh MAE (kN) RMSE (kN) R?
ANN (khong t6i uu) 39.6 533 0.78
ANN + BO (t6i uu) 24.9 34.7 0.91

Viéc gidm sai s6 RMSE gan 34%, MAE gidm 35% cho thay tinh
hiéu qua cia BO trong viéc tding d6 6n dinh ctia mé hinh.

3.2. Phan tich anh huéng ctia bién dau vao bang SHAP

Cac két qua SHAP cho thdy mé hinh khéng chi du doan chinh
xac hon ma con cung cdp nhan thic ré rang vé co ché hinh thanh
ma sat am, bao gom:

e DO lun cla nén dat. Day la bién cyc ky quan trong anh
hudng rat I6n dén gia tri ma sat am. Gia tri SHAP 16n va duong cho
thay dé 1in nén cang Ién hién tugng ma sat 4m dién ra cang manh.

Bang 2. Bang so sanh muc do dnh hudng cla cac bién dau vao

® D4 1Un cla coc ¢o tac dung nghich bién véi ma sat am.

e SHAP dudng nhu khéng déi khi chiéu dai coc téng thé tang.
Vi hién tugng ma sat am chi xay ra trong doan coc nam trong I6p
dat yéu, khéng phu thudc chiéu dai coc.

o Céc théng s6 vé dat nén nhu: Ce, Sy, Eo 1a 3 nhéan t6 chinh anh
hudng dén bién dang va d6 ltn clia nén dat

3.3. Phan tich tam quan trong bién dau vao

Duva trén d@ liéu mé phong: mé hinh ANN t6i uu bang Bayesian
Optimization, thi ty muc d6 anh huéng dugc xac dinh trong Bang
2 nhu sau:

I;rahnug Bién dau vao Y nghia “:‘L::ai';h
1 DO 1Un nén dat) Lan c6 két ctia nén gay kéo xudng coc 29-33%
2 DO 1Un ban than coc Bién dang coc so v6i nén — quyét dinh vi tri mat phdng trung hoa 18-22%
3 Chiéu dai doan coc trong sét yéu Quyét dinh chiéu dai vung coc chiu kéo xuéng 16-19%
4 Chisé nén T6c d6 va gia tri lun 10-14%
5 Suic khang cat Anh huéng dén ma sat hong 8-10%
6 Mé dun bién dang Anh hudng dén tinh nén lun 6-8%
7 Pudng kinh coc Anh hudng dién tich mat bén 3-5%
8 Chiéu dai coc Tac dong nhe Ién phan bé ma sat 2-4%
4, KET LUAN (4]. Phd, V. N., Lam, D. T., & Hoang, M. T. (2020). Xay dung ca s6 di liéu ma sét &m tir

Bai bao da phan tich chuyén sau hién tugng ma sat am bang
cach st dung phuong phap hoc may ANN dugc t6i uu hda bang
thuat toan Bayesian. Viéc két hgp di liéu thuc nghiém hién truong
da cho phép danh gia dinh lugng anh hudng clia cac bién c6 thé
anh hudng dén hién tugng ma sat 4m trong thuc té. Mot s6 két
luan chinh dugc rdt ra nhu sau:

e Théng qua thuat toan Bayesian da minh ching vé viéc kha
nang vugt trdi trong viéc tim kiém cdu trdc ANN hiéu qua thong
qua chién lugc can bang gilra kham pha va khai thac, giam dugc
sai sO6 du doan khi so sanh véi cac phuong phéap thdr dang-sai
truyén thong.

e M6 hinh ANN-BO dat d6 chinh xac cao, thé hién qua céc chi
s6 RMSE va MAE thap hon r rét so vai moé hinh ANN khong t6i uu.
Diéu nay khang dinh ring viéc lua chon siéu tham s6 c6 hé théng
dong vai tro then chét trong du bao ma sat am vai dé tin cay cao.

e Phan tich SHAP cho phép dién giai sau y nghia vat ly cia mé
hinh du doén.

e Khung du bao ANN-BO-SHAP dugc dé xuat trong nghién ctu
c6 thé xem |a mot hudng tiép can chuén xac cé thé dugc phat trién
m& rong, gilp gidam thdi gian trong phan tich thiét ké. Phuong
phép nay c6 thé dugc tich hgp vao thiét k&€ méng coc tai cac khu
vuc ¢é xUf ly nén bang gia tai trugc/hut chan khéng, noi ma sat am
thudng la thach thuc thiét ké dang ké.
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