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Du bao kha néang chiu luc con lai
ciia dam bé téng cot thép bi an mon
dua trén mo hinh mang no'ron héi quy tong quat

Prediction of the residual strength capacity of corroded reinforced concrete beams based
on generalized regression neural network (GMN) model

Pang Vi Hiép'”, Vi Hoang Hiép

Tom tat

Nghién citu nay tap hop s liéu thuc nghiém tir

123 dam bé tong c6t thép bi an mon cot thép doc tir cac

tai liéu da cong bé truéc day cé cap nhat dén nam 2020.
Cac dam chiu udn bi an mon béi phuong phap thic ddy an
mon bang dong dién. Kha nang chiu luc cia ddm bi n mon
dugc du bao bang cach sit dung mang na ron hoi quy tong
quat (GRNN). Cac tham sd anh hudng dén kha nang chiu luc
coi nhu bién déc 1ap dau vao, trong khi bién phu thuéc dau
ra la kha nang chiu luc (mé men uén giéi han). M hinh
mang na ron dé xudt cho phép du bao kha nang chiu udn
ctia dam bé tong c6t thép bi an mon ¢6 xét dén thai gian va
ty 1& an mon cot thép. Két qua du bao dugc so sanh véi cac
két qua thuc nghiém cho thay mé hinh c6 d6 chinh xac cao.
Tir khéa: An mon, ddm bé tong c6t thép, mang no ron hdi quy tong
qudt, khd ndng chiu luc

Abstract

This study gathered the experimental data from 123 reinforced
concrete (RC) beams with corroded longitudinal reinforcement
from previous studies up to 2020. The flexural beams were
electrochemically corroded by the accelerated corrosion method.
The load-carrying capacity of corroded beams has been predicted
using a generalized regression neural network (GRNN). The
parameters affecting the capacity are considered as independent
input variables, while the output variable is the ultimate bending
moment of the beam. The proposed neural network model allows
for predicting the flexural capacity of corroded RC beams taking
into account the time and corrosion degree of steel reinforcement.
The predicted results indicate that the proposed model has high
accuracy compared to the experimental results.

Key words: Corrosion, reinforced concrete beam, generalized
regression neural network (GRNN), loading capacity
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1. Datvan dé

D& bén két cu bé téng cbt thép (BTCT) theo thdi gian la mét
trong nhitng van d& dwoc nhiéu nha khoa hoc quan tam. Trong sé
nhidu nguyén nhan lam suy giam do bén két cAdu BTCT, &n mon cbt
thép Ia mét trong nhirng nguyén nhéan chinh [1]. Nguyén nhan an moén
cbt thép chi yéu la do bé tong bj cacbonat héa lam thay déi do pH,
mét chirc nang bao vé cét thép thu dong, do chat lwong bé tdng kém,
chiéu day I&p bé téng bdo vé chwa du, sw xuét hién cac vét nit trude
trong bé tdng tao diéu kién cho ion clorua xam nhap dé dang vao cbt
thép bén trong. Khi ham lwong ion clorua tich Iy trén bé mat cét thép
Vot qua ngwdng gidi han, n mon sé bt dau phat trién. Hau qua
cla &n mon sé lam xuét hién cac vét nirt doc theo cbt thép do sy dén
n& thé tich clia san phdm &n mon, lam gidm kha nang chiu luc ciing
nhw tudi tho cla két cau [2].

Nhiéu nghién ctru vé& dw bao kha nang chiu lwc con lai ctia dam
BTCT bi an mon da dwoc cong bé trong 3 thap ky qua [3,4,5,6,7]. Noi
chung, cac nha nghién ctvu da cung cap cac md hinh giai tich két hop
thwe nghiém k& dén anh hwéng clia &n mon cla cbt thép. Tuy nhién
chi mét sé it nhan t6 dwoc ddng thdi tich hop trong cac méd hinh trén
do tinh phtrc tap clia qua trinh &n mon cét thép. Chang han thdi gian
cbt thép bi an mon tinh tir ltc khéi phat &n mon dén thoi diém dw bao
chwa dwoc tinh dén. Hon nira, cac méd hinh trén chi dwoc cac tac gia
kiém chirng véi sb lwong ddm han ché hodc trén chinh cac dam do
nhom tac gia thyc hién. V&i lwgng div liéu thwe nghiém ngay cang
tang, do chinh xac khi kiém chirng cac mé hinh dé can phai dwoc
xem xét thém.

(*ng dung mang than kinh nhan tao (ANN) dé dy bao kha nang
chiu lwc ctia ddm BTCT bi &4n moén da dwoc Inam va Kazmi [8] dé&
xuét. Nhém tac gia chi st dung hai bién dau vao 1a duwong kinh cbt
thép doc ban dau (D) va chi s6 &n mon la tich caa ty 1& an mon (Icorr)
va thoi gian &n mon (T) dé& dw bao mé men gidi han. Do cac dam
kiém chirng déu cung mot kich thwéc va str dung cung mét loai cbt
thép doc nén cac tham sb nay khong dwoc d& cap dén trong mé hinh
dw bao. Ngoai ra md hinh do Inam va Kazmi d& xuét chua xem xét
&nh hwéng cla chiéu day 16p bé tong bao vé dén kha nang chiu lwc
con lai ciia ddm BTCT &n mon. Méc du phwong phap ANN da dwoc
rng dung thanh céng vao bai toan duw bao trong nhiéu linh vic khac
nhau nhwng né van tdn tai mét sé nhwoc diém khong dé khac phuc.
Nhuwoc diém chinh ctia ANN 1& c&n phai tim ra mot cdu tric mang téi
wu dé gidm sai s bién phu thudc (bién dw bao), qua trinh hoc dé tim
trong sb t6i wu ddi khi khd hoi tu do cé nhiéu diém cuc tidu cuc bo
trén mat sai sd. Néu khong gian di liéu cé tinh phi tuyén cao, két qua
thu dwoc tir phwong phap ANN c6 thé cho d6 chinh xac khéng cao
[9]. Trong khi d6 wu didm clia phwong phap GRNN la khong st dung
lan truyén nguoc dé téi wu trong sé nén két qua ludn hadi tu va tranh
duoc bay cuc tidu cuc bd trén nhixng mat sai sb ¢ tinh phi tuyén cao.
ng dung GRNN dé giai quyét cac bai toan thuc té trong nhiéu nganh
khac nhau nhu dau mé [10], khi hau [11], thay lwc [12]...d4 thu hut
nhiéu nha khoa hoc quan tam. Tuy nhién (rng dung GRNN trong cac
bai toan thudc nganh ky thuat xay dwng con rat han ché.

Xuét phat tlr nhu clu thuc té bai bao nay gisi thiéu mét mé hinh

]O8TAP CHi KHOA HOC KIEN TRUC - XAY DUNG



Linp diau m

du bao kha nang chiu lwc clia ddm bé téng cbt thép bj an
mon dién hoa dwa trén phwong phap GRNN. Mot bd dir liéu
thi nghiém cac ddm bj &n mon dién héa dén khi bi pha hay
dwoc nhom tac gia tap hop va bién tap dé xay dwng mé hinh.
Cac bién dau vao bao gdm: kich thwéc tiét dien ngang dadm
(bxh), dién tich cbt thép doc (A;), chidu day I&p bé téng bao
vé (C), gidi han chay cbt thép doc (fy), cwong do chiu nén
bé tong mau tru (fc), chi s &n mon (leorXT)- Bién dau ra la
m6 men ubn gi¢i han cia dam (My corr)- Chat lwgng ctia moé
hlnh sau d6 dwoc danh ra qua cac chi sb théng ké nhw hé
sb twong quan Pearson (r), c&n bac hai clia trung binh binh
phwong sai s (RMSE), sai sb tuyét dbi trung binh (MAE).

2. Div liéu va phwong phap GRNN
2.1. Chuén bj di¥ liéu

Tdng cong c6 123 dir liéu dwoc thu thap tir cac nghién
ctu doc lap da dwoc cong b trwde day tir cac nhom tac gia
Abul K. Azad va cong sy [13,14] (60 dam), Jin Xia va cong
sw [15] (18 dam), H. Yalciner va cong sw [16, 17] (11 dam),
O'Flaherty va cong su [18] (34 dam). Qua trinh &n mon dwoc
thic ddy b&i dong dién mét chidu trong mai trwdng dung dich
dién ly c6 chira NaCl dwoc duy tri khéng déi trong subt qua
trinh thi nghiém. Bang 1 tém tat théng tin vé d liéu st dung
trong nghién ctru, chi tiét di liéu thwe nghiém coé thé xem
trong cac tai liéu trich dan bén trén.

C6 thé nhan thay trong bang 1 pham vi thay dbi do I&n &n
mon cbt thép thong qua tich sb 1y, XT la rat 16n, twong (ng
v&i tinh trang an mon ti rat nhe (~1% méat mat dién tich cbt

i 120
x
1
E - y = 0,731 Fx + 39132 -
r=0aren
# &
c
£
- A
=
40
bl

0 Ful il 60 Bl 0 130 40
M men thire nghigm, kKim

doc) dén nang (~29% mat mat dién tich cot doc). Tuong tv,
m6 men ubn gi6i han con lai Mu,corr CUNg thay dbi trong mot
pham vi rt réng, tuy thudc vao déc tinh vat liéu, kich thwéc
tiét dién ngang dam va d6 16n &n mon cét doc.

Gia tri
Bién s6 Nho Lon Trung
nhat nhat binh

B& rong, b (mm) 100 250 159,75
Chiéu cao, h (mm) 150 400 215,28
Bé tong bao vé, C (mm) 25 56 34,95
Cbt thép doc, A (mm?) 100,5 | 804,24 | 312,10
Gidi han chay, f, (MPa) 411 593 531,21
Cuwong do nén, f'; (MPa) | 20,98 48,94 34,66
Do 16n an mon, o, XT 1,041 32 12,32
(mA/cm?.ngay)
Kha nang chiu lwc, 1262,5 | 170130 | 28353,62
Mu.corr (KN.mm)

2.2. Phuong phap GRNN

CAu tric mang GRNN bao gém 4 16p: 16p ddu vao, 16p
mo hinh (16p &n), I&p téng va I&p dau ra. Dbi véi bai bao nay,
Iép dAu vao cé 7 no ron twong &ng véi 7 bién doc lap, 16p
mé hinh ¢é sb lwong no ron twong ng véi sé lwgng mau
trén tap huén luyén, I&p mé hinh Iuon bao gom 2 no ron va
I&p ddu ra cé 1 no rén ng véi sb lwgng bién can dy bao
nhw minh hoa trén hinh 1 [19].

D liéu dau vao dwoc chuyén qua I&p dau vao dén lép
mé hinh. Tai I&p mé hinh di liéu trong tap huén luyén ham
truyén hay con goi la ham kich hoat c6 dang phan b6 Gauss
d& chuyén dbi di liéu dau vao:

DZ
= ¢ 20‘
b= )
trong d6: D? =(X —X,)' (X — X, ); © 1a hé s6 xac dinh
hinh dang cta phan bé.

Sau khi dwgc hun luyén trong I&p md hinh, mot di liéu
d&u ra méi dwoc tao ra. Trong 1&p tdng, tdng div liéu dau ra
c6 trong sb va khéng c6 trong sé duoc tinh:
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Bang 2: Hé s6 r sau 10 fold-cv

Fold 1 Fold 2 Fold 3 Fold 4 Fold 5 Fold 6 Fold 7 Fold 8 Fold 9 Fold 10
0,9949 0,9988 0,9989 0,9979 0,9993 0,9989 0,9992 0,9997 0,9994 0,9971
Bang 3: Cac chi so thong ké
Bh h Trén tap huén luyén Trén tap kiém tra
wong pha
g phap r NRMSE MAE (kNm) r NRMSE MAE (kNm)
GRNN Dbé xuét 0,9985 0,1431 3,5197 0,9761 0,5487 5,5037
ANN [8] 0,67 0,3649 0,92 0,6772 -
g 140 - $ren —-—
% s 5 180 L
T . o
- G - = - Dy bio | E o 14 1
3 % 120 f ! l
&0 | | |
" 100 i | | | 1 " T
| £+ o PR Y T
40 ] \‘l‘."ll'- Af 80 ,'7. | | I F! ] | (i
- . _.,l.l'l|-|.JE . ‘Ek ?} e ﬁ %0 'HIE H' ki Ii i]‘ t Ii| |11' 1' inl;
1] - . \"‘-..'\-'-"\lr. o ‘ i i 1# P & I!‘lr ‘ ﬂ 1
a 5 10 15 20 =5 0 35 &0 o i3 20 30 40 B0 B0 FO B0 80
S8 mllu quan sl Hﬂbhqumﬂl

Hinh 3: So sanh két qua du bao véi két qua thuc nghiém: a) Trén tap kiém tra, b) Trén tap huan luyén

Sp=2.p
= 3)
T d6 két qua ddu ra cGa mé hinh xac dinh theo céng
thire:

Sy

N0 =%
D

(4)

D& tranh hién twong qua khép trong qua trinh huén luyén
mang GRNN, di liéu dwoc chia ngau nhién thanh 2 tap: tap
huén luyén véi lweng div liéu chiém 70%, tap kiém tra voi
30% lwong di¥ liéu con lai. Tap huén luyén mang dwoc st
dung lién tuc trong qua trinh huén luyén va dwoc tinh chinh
sao cho sai sé |a nhé nhét trén bo di liéu huén luyén. Tap
kiém tra dung dé& kiém tra xem mang da huan luyén cé bj
hién twong qua khép hay khong. Ngoai ra dé Iwa chon md
hinh hun luyén tét nhét, ky thuat k-fold dwoc st dung. Theo
do, div liéu trong tap huan luyén lai dwoc chia thanh k phan
(théng thwdng 1a 10 phan, nén ky thuat nay con dwoc goi
la 10-fold), sau d6 huén luyén mé hinh 10 lan. Méi lan huén
luyén sé& chon (k-1) phan di liéu dung cho huén luyén, phan
con lai ding dé kiém tra chéo. Sau 10 1&n huén luyén, mé
hinh dwoc chon la trung binh céng clia két qua danh gia.

Ké thtra tlr nhitng nghién ctru (ing dung mé hinh GRNN
trong bai toan dw bao cla cac nha khoa hoc trwéc day, trong
bai bado nay nhém tac gia str dung ngdén ngi 1ap trinh c6 ma
ngudn mé R dé giai quyét bai toan.
2.3. Bénh gia chét luong mé hinh

Trong pham vi bai bao nay, nhém tac gid st dung ba
tiéu chi d& danh gia chét lwong mé minh dw bao GRNN: hé
sb twong quan Pearson (r), c&n bac hai clia trung binh binh
phwong sai s6 dwoc chudn héa (NRMSE), sai s6 tuyét dbi

trung binh (MAE). C4c chi sb nay dwoc xac dinh nhw sau:

meimrb

=
\/Z(yi _;i)zz(ti_g)z

(5)
N
1/% (ti_yi)2
NRMSE =1 —=_
Y (6)
1 N
MAE =—>"|y, -]
N i=1 (7)

trong d6: N la sb lwgng mau quan sat dwoc; ti va 1a cac
gia tri thwe té (thi nghiém) va gia tri trung binh clia cac gia tri
thwe t&; yi va 1a cac gia tri dw bao va trung binh cla cac gia
tri dw bao twong rng.

3. Két qua va ban luan

Bang 2 thé hién két qua hé sé twong quan r sau 10 1an
phan chia tap hun luyén d& hiéu chinh mé hinh. Hé sé r cubi
cuing 1 trung binh cdng clia 10 két qua dat duoc.

Két qua dw bao M, cor dworc thé hién trén hinh 2. Hé sb
twong quan dat dwoc trén tap kiém tra (36 quan sat) dat gia
tri rAt cao, bang 0,9761 ching td méi quan hé rat tét giva
két qua dw bao va két qua thuc té. Trong khi d6 hé sb twong
quan dat dwoc trén tap huan luyén (87 quan sét) 1a 0,9985.
Cac hé sb nay dé&u t6t hon cac hé sé dat dwoc trén mé hinh
ANN do Imam va Kazmi [8] d& xuét (Bang 3).

Hinh 3 so sanh két qua dw bao ctia md hinh dé xuét trén
cac tap kiém tra va huén luyén. Két qua dw bao tr md hinh
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GRNN so v6i két qua thi nghiém trén tap kiém tra thé hién
dang xu hwéng va nhd hon két qua thi nghiém véi sai sé
MAE la 5,5037 kNm. Hon nira, c6 thé thdy trén ca hai tap
kiém tra va huén luyén két qua dw bao tr mé hinh GRNN
cho can bac hai cia trung binh binh phwong sai sé dwoc
chuén héa (NRMSE) dé&u nhd so véi mé hinh ANN do Imam
va Kazmi [8] d& xuét. Ciing can lwu y rang sb lwong quan sat
va pham vi thay di cac tham sb dau vao trong mé hinh ANN
ctia Imam va Kazmi d&u nhé hon so véi bai bao nay.

4. Két luan

Bai bao nay da trinh bay mét mé hinh mang no rén hi
quy tdng quat, GRNN d& dw bao kha nang chiu luc con lai
ca dam BTCT bi an mon trong méi trwdng clorua. Mét bé div
liu gdm 123 ddm BTCT bj &n mon dwoc thu thap tir nhidu
nghién ctru déc |ap trong thdi gian gan day dwoc st dung dé
huén luyén va kiém tra chéo moé hinh GRNN. Dé tang thém
d6 chinh xac cling nhw phan anh tinh phirc tap cda di liéu,
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