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Mot cong thucdua trén mangnoronnhantao
dubao kha nang chong choc thiing san bé tong cot thép hai

phuong bi an mon

An ANN-based formula for predicting the punching shear capacity
of corroded two-way reinforced concrete slabs

Tom tat

Du bao kha nang chdng choc thiing clia san bé téng cot thép
bi &n mon la mét trong nhiing van dé phic tap trong két

cau cng trinh. Phat trién mdt phuong phap du bao tin cdy,
thuan tién cho thuc hanh trong khi ké dén mét s6 nhan té
anh huéng ctia an mon la can thiét. Bai bao nay trinh bay két
qua xay dung cong thiic thuc nghiém dé du bao kha nang
chéng choc thiing clia san bé tong cdt thép hai phuong c6
cot thép doc bi an mon nhan tao. Mét ky thuat hoc may c6
tén mang no ron nhan tao (ANN) da dugc st dung. Tinh chinh
Xac clia cdng thiiic dé xuat duogc so sanh véi cong thic thuc
nghiém va mo hinh ANN da dugc cong bé trudgc day. Két qua
cho thay cdng thiic dé xuat cho két qua du bao tot hon béi hé
s6 xac dinh bang 0.8690, can bac hai cta sai sd binh phuong
trung binh bang 41.2522 kN.

Tir khéa: San bé tong cdt thép, mang na ron nhdn tao, khd ndng chdng
choc thiing, éin mon, phd hogi

Abstract

Predicting the punching shear capacity of corroded reinforced
concrete slabs is one of the complex issues in structural engineering.
Developing a reliable and practical prediction method that considers

various factors of corrosion is necessary. This paper presents the
results of etablishing an empirical formula to predict the punching
shear capacity of two-way reinforced concrete slabs with artificially
corroded longitudinal reinforcement. A machine learning technique
named Artificial Neural Network (ANN) has been used. The accuracy
of the proposed formula is compared with previously published
empirical formula and ANN model. The results show that the
proposed formula provides better predictions, with a coefficient of
determination of 0.8690 and a root mean square error of 41.2522kN.

Key words: Reinforced concrete slabs, artificial neural network (ANN),
punching shear capacity, corrosion, failure
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Lé Thé Anh", Vii Hoang Hiép® va Dang Vi Hiép?

1. Téng quan

Két ciu bé tong cbt thép (BTCT) dwoc s dung rong rai trong
cac cong trinh xay dwng dan dung, cdng nghiép, cau dwong vi
kha n&ng chiu luc tét cling nhw chi phi san xuét ré. Tuy nhién, anh
hwéng dai han ctia méi trwong dén do bén 1au cia két cAu BTCT la
kho trach khoi, nhét 1a trong méi trwéng cé tinh xam thwe cao [1].
Mac du duoc bé téng bado vé, nhung do nhiéu nguyén nhan khac
nhau, ct thép bén trong bé téng c6 thé bi &n mon, dan dén tudi tho
ctia két ciu bi suy giam nghiém trong [2], [3], [4].

Ung xt clia ciu kién BTCT chiu cat, d&c biét 1a lién két san-cot
trong hé théng san khong dam da duwoc rat nhiéu cac nha nghién
ctru quan tam trong nhiéu thap ky tré lai day. Kha nang chiu lwc cla
san phang khong dam phu thudc chi yéu vao kha nang chiu uén/cat
clia viing san xung quanh dau cét. Déi véi kha nang chiu uén, co thé
st dung mot vai phwong phap phan tich néi lwc nhw phwong phap
dai, phuong phap phan tich phan t& hiru han phi tuyén, phwong
phap dwéng chay déo dé dy bao [5]. Nguoc lai véi kha nang chiu
cat (chéng choc thiing), phwong phap don gian thuwéng ding la st
dung céc cong thirc thwe nghiém cho trong céc tiéu chudn thiét ké
dé du bao [6], [7]. Tuy nhién, cac cong thirc cho trong cac tiéu chuén
thiét ké thudng hodc bé qua anh hwéng cuia cét thép doc, hiéu (ring
kich c&, ho&c ty 1& kich thwdc tiét dién ngang cot. Didu nay dan dén
cac két qua dy bao tr cac tiéu chudn thuwdng qua than trong, cé
hé sb bién dong Ion va hé s twong quan thap so véi két qua thuc
nghiém [8]. Pha hoai kiéu choc thiing la kidu pha hoai dot ngot voi
bién dang nhé kém theo sy hinh thanh vét n&t nghiéng chia tach
thap choc thiing v&i phan con lai ctia san (Hinh 1).

Hinh 1. Ki€u pha hoai choc thing tiéu biéu trong san
khong dam [9]

Trong trwdng hop cbt thép chiu kéo trong ban san bj &n mon, dw
bao kha nang chéng choc thing trong cac tiéu chuén thiét ké chwa
dwoc dé cap téi. Tiép can don gian 1a 4p dung cac cong thirc cho
trong céc tiéu chuén véi chidu cao lam viéc hodc ham lwong cbt
thép doc con lai sau khi bj &n mon. Tiép can nay cho s lwong mau
c6 két qua dy bao so voi két qua thwe nghiém ndm & mirc nguy
hiém I&n dén 47% dbi vai tieu chuadn ACI 318-19, trong khi déi voi
TCVN 5574 : 2018 chi la khodng 12% [10]. Tuy nhién sb lwong cac
mau ndm & muc than trong khi tinh toan theo TCVN 5574:2018 [én
dén 43%. Diéu nay cho thdy mic do chinh xac cta két qua dy bao
theo va hai tiéu chuan trén déu & mic thap (hé sé xac dinh R? =
0.54) [10].
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Céc nghién ctu thue nghiém vé kha ning chdng choc
thang ctia san BTCT gan day da dwoc mot sd nha nghién
ctru quan tam. Nghién ctu trong [11] chi ra pham vi choc
thaing trong trwdrng hop cbt thép san bi an mon roéng hon so
véi san khong bi an mon. Néu ham luvong cét doc ban dau
trong san cao ddng thdi mirc dd dn mon trung binh thi kha
nang bién dang cla san téng lén. Méat khac, nghién ctru [12]
cho thdy néu pham vi viing &n mon cla ban san trén dau
cot 1a nhé thi kha ndng chéng choc thiing ctia san it bj anh
hwéng. Nghién ctvu ciing chi ra mat mat dién tich cbt thép
doc &nh hwéng nhiéu dén kha nang chiu choc thing va do6
clrng ctia san khong dam.

T cac tbng quan trén, co thé thay rdng dw bao kha néng
chiu choc thiing ctia san BTCT bj &n mon cbt thép doc la bai
toan phirc tap do xuét hién thém cac nhan t6 danh hwéng cta
&n mon gay ra. Mot s6 cac nghién clru da dé xuét cong thirc
thuc nghiém dy bao kha nang chéng choc thiing [10], xay
dung mé hinh phan t& hiru han [13], x4y dwng mé hinh dw
bao b&ng mang no ron nhan tao (ANN) [14] cho san BTCT bi
an mon. Mac du cac nghién clru nay da giup cho viéc dy bao
kha n&ng chéng choc thiing ctia san BTCT bj &n mon dwoc
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thuan tién, chinh xac hon nhwng van tdn tai mét s6 van dé:
(1) d6 chinh xac so v&i két qua thuc nghiém chua cao; (2)
pham vi kiém chirng trén bd di liéu thwe nghiém chwa 16n;
(3) khong dé xuét cong thire dw bao rit ra tr md hinh ANN.

Bai bao nay trinh bay cach xay dwng mét cong thire thuwc
nghiém dwa trén mang ANN dé dy bao kha néng chiu choc
thing dung tam cla san BTCT hai phwong khéng co cbt
ngang, cé cbt thép doc chiu kéo bj &n mon clorua. Cong thirc
xay dwng dwa trén cac két qua thwc nghiém thu thap dwoc
tlr cac nghién ciru trwdc day c6 ké dén anh hwéng ctia mire
dd &n mon, gi¢i han chay déo cla cbt thép doc. Két qua dw
bo dwoc so sanh v&i mét sd nghién clru trwdc day trén cac
chi s6 thdng k& nhw hé sé xac dinh R2, sai s6 phan trdm
trung binh (MAPE), can bac hai sai s6 binh phwong trung
binh (RMSE).

2. Thu thap va chuén bj div liéu

B6 di liéu dwoc nhém tac gia thu thap dwoc tlr cac nghlen
ctu da cdng bb trong tai liéu [14] va [15]. Bo dir liéu bao gom
123 két qua thwc nghiém va mé phdng sé san phang hai
phwong c6 cbt thép doc bi &n mon trong mdi trwdng dung
dich muéi clorua. Mtrc d& an mon cb thép doc (C%) dwoc
tinh dwa trén mat mat khdi lwong trung binh
cta thanh thép doc sau khi bi an mon. Cac bién
d3u vao bao gdm: chiéu cao lam viéc cla san,
d(mm); ty |& nhip/chidu cao lam viéc, L/d; cwdng
dd chiu nén cua bé téng mau tru, £ (MPa); ham
lwgng cbt thép doc sau &n mon, p_ sau(%); gioi
han chay cta cbt thép, f v(MPa); dién tich tiét dién
ngang cua cot, A,(mm?); mirc dd &n mon cbt doc,
C(%). Bién dau ra la kha nang chiu choc thiing
cla san, V_test(kN). Chi tiét hon vé& bd di¥ liéu
c6 thé xem thém trong tai liéu [10]. B6 div liéu
da dworc nhém tac gia st dung dé thiét 1ap cong
thirc dwa bao kha nang chéng choc thing dwa
trén phan tich hdi quy phi tuyén véi hé s xac
dinh twong déi tét (R = 0.71). Céc bién dwa vao
mé hinh dwoc lwa chon dwa trén cac két qua
thwc nghiém va mé phéng sé da dwoc dé cap

trong cac tai liéu bén trén.
T hinh 2a c6 thé thdy duwgc A, va V_test cé
méi twong quan tich cwc nhét (twong quan déng
bién), tiép theo Ia ty & L/d va .. Nguoc lai ty 1&
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Hinh 2. Tuong quan cac bién (a); phan b gia tri ctia cac bién (b) trong bo dir liéu
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Hinh 3. Qua trinh xay dung mang ANN

&n mon C va V_test cé mdi twong quan tiéu cuc (twong quan
nghich bién). Cac quan hé twong quan trén phu hop véi cac
két luan rit ra tir két qua thwe nghiém. Hinh 2b thé hién phan
bd tAn suét (frequency) mau xuét hién tng véi tirng khoang
gia tri cho trwéc. Cé thé thdy dwoc mirc d6 &n mon trong
céc thi nghiém va mé phéng s phé bién & khoédng 5%, tiép
theo la khoang 10-15%. Ham lwong cbt thép doc con lai sau
&n mon phd bién & mirc khodng 1% trong khi cudng do chiu
nén clia bé téng phd bién & mirc 25-30MPa. TAt ca cac bién
dAu vao va ra déu khong tuan theo luat phan bé chuan nhw
dwong cong mau xanh trén hinh 2b.

Pé thiét 1ap cong thirc dwa trén mang ANN, trudc hét can
tién hanh tién x ly dir liéu dé loai bé cac div liéu gay nhiéu
lam &nh hwéng dén tinh tdng quat ctia mé hinh. Trong bai
bao nay, nhém tac gia s dung hai chi $8 Z.e va G [16] dé
tim cac diém di¥ liéu ngoai lai (di¥ liéu gay nhiéu). Phwong
phap nay cé thé st dung dé phat hién diém div liéu co gia tri
I&n nhat va diém gilr liéu co gia tri nhd nhét cé bat thuwdng
S0 v&i cac diém di lieu khac hay khong. Két qua phan tich
cho théy cac hang dir liéu co A= 1600cm?, p_sau= 2.3% va
d=29.7mm la cac gia tri ngoai lai va bj loai bé ra bo dir liéu.

(a)  mde quan hé gitra sb Irong no-ron va RMSE
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3. Mang ANN
3.1. Céu triic mang

Sau khi loai bd ba hang di¥ liéu ngoai lai, bd di¥ liéu con lai
¢6 120 di¥ lieu dwoc chudn hoa min-max va dwoc chia thanh
hai tap div liéu doc 1ap la tap huan luyén (chiém 80%) va tap
kiém tra (chiém 20%). Ty 1& nay dwoc nhiéu nha nghién clru
st dung khi hu&n luyén mang ANN [17], [18], [19]. D& tranh
hién twong qua khép trong qua trinh huén luyén, tap di liéu
huén luyén dwoc chia thanh 10 phan trong d6 9 phan dung
d& huan luyén mé hinh, phan con lai dung dé xac thuc chéo
mo hinh. Qua trinh dwoc 14p lai 10 14n (10-fold CV) dé sinh ra
10 mé hinh khac nhau trong qué trinh huén luyén.

Mb hinh cudi cting & dwa ra danh gia trén tap kiém tra 1a
mo hinh c6 chi s RMSE nhé nhét (hinh 3). Sé lwong no rén
trong 1&p &n va ty 1& hoc dwoc téi wu bang phwong phap Iwdi
tim kiém (grid search). K&t qua cho thdy vai ty 1& hoc bang
8x10* va sb no ron trong I6p an bang 3 thi gia tri RMSE la
nhd nhét (hinh 4a). Hinh 4b thé hién cAu tric mang ANN 7-3-
1 dat dwoc trén tap huén luyén.

3.2 Két qua va ban luéan

Hinh 5 thé hién két qua dw bao b&i mé hinh ANN da dé
xuét trén tap di¥ liéu huén luyén va tap di liéu kiém tra. Cac
két qua cho thay hé sé xac dinh R?, cac chi sé théng ké nhw
RMSE va MAPE dat duoc déu tot hon so voi két qua du bao
trong cac nghlen ctru [10] va [14] Ngoai ra cAu tric mang no
rén dé& xuét gon hon so véi cau tric mang no ron 8-15-1 st
dung trong [14]. T d6 c6 thé nhan xét rang md hinh ANN
7-3-1 dy bao twong dbi chinh xac, du tin cay so véi két qua
thwc nghiém.

Can lwu y réng cAu tric mang ANN dé& xuét phi hop véi
pham vi di¥ liéu bién dau vao cé trong b6 di¥ liéu. Anh hwéng
clia &n mon cbt thép doc dwoc ké dén théng qua bién mic
dd an mon trung binh C trén toan bd thanh thép. Nghia la
xem xét kiéu &n mon & ddng déu, chwa xem xét dén kidu an
mon diém trén thanh cbt thép doc. Ngoai ra, mé hinh mang
dé xuét cling chwa xem xét dén pham vi an mon cda ving
san trén dau co6t cling nhw sw mat mat lwc dinh gitka bé mét
tiép xuc thép-bé tdng do &n mon gay ra. Do do, van can xay
dwng cac mé hinh hoc may tién tién hon k& dén cac nhan
t6 nay.

3.3 Cbéng thire suy ra ttr mang ANN

Cong thrc toan hoc dé& dw bao kha nang chéng choc
thaing ctia san BTCT bi &n mon cét thép doc dwoc thé hién
théng qua cong thre (1) va (2).

V _test norm

=0.970H1-5.3790H2—-4.9010H3+4.9894 (1)

Cong thire (1) thé hién gia tri lwc choc thing da dwoc
chudn ho min-max khi x( ly di liéu dau vao.

Trong cong thuc (2), ma tran kich thwéc 3x7 1a ma tran
trong sb trong I&p &n. Ma tran cot dwgc cong vao chinh la

(b)

Hinh 4. Xac dinh cac tham s6 t6i uvu cho mang ANN (a); cau triic mang ANN (b)
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gia tri 46 chéch cta I6p &n. Cong thirc (1) can nhan thém
tham s0 chuan hoa min-max di liéu dau vao dé thu duwoc
gia tri V_test duw bao.

4. Két luan

Bai bao da trinh bay mét phwong phap thiét 1ap cong thire
du béo kha nang chéng choc thiing san BTCT hai phwong
c6 cbt thép doc bi &n mon dwa trén mang no rén nhan tao
ANN. P& dat dwoc muc tiéu, mot bo gbm 123 dir lieu thuc
nghiém va md phéng sé da cong bd trong cac nghién ciru
trudc dwoc tap hop va xir ly. Sau dé di lieu dwoc hudn
luyén dwa trén thuat toan lan truy&n nguwoc dé ti wu trong
s6 dé& dat dwoc gia tri RMSE nhd nhét. Mot s két luan dwoc
rut ra trong pham vi nghién ctru nhuw sau:
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