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Tom tit:

Muc tiéu ctua nghién ciru nay 1a xay dung mé hinh duwa trén mang than kinh nhan tao (ANN) dé du bao kha
ning khang cit cia vach ngan bé tong cot thép (BTCT) tiét dién chix nhat. Mot bo dit liéu bao gdbm 312 két
qua thi nghiém tir cac nghién ciru trude day di cong bd duge suu tap ding cho viéc phét trién mé hinh ANN.
Két qua dy béo dya trén mé hinh ANN duoc so sanh véi tdm cong thic trong céc tidu chuan thiét ké va cac
nghién ciru dién hinh di céng bé trudce day. Cac tham sb thong ké dung dé danh gia mirc d6 chinh xac cua céc
md hinh bao gom hé sb xac dinh (R?) va sai s6 quan phuong (RMSE). Ngoai ra, gia tri trung binh va do léch
chuan cua ty sb giita gia tri du béo va gié tri thi nghiém ciing dugc danh gia. Két qua cho thay ring mé hinh
ANN vuot troi hon nhiéu trong viéc dy béo kha ning khang cit ctia vach ngan BTCT tiét dién chit nhat so véi
cac cdng thirc dé xuat khac.

Tir khoa: Vach ngin bé tong cét thép; Kha ning khang cit; M6 hinh mang than kinh nhan tao; Dit lidu thi
nghiém.

Abstract:

The aim of this study is to develop an artificial neural network (ANN) model for predicting the shear capacity
of squat rectangular reinforced concrete (RC) walls. A set of 312 experimental results is collected from the
literature for constructing the ANN model. The performance of the ANN model is compared with that of seven
proposed formulas in the current design codes and published studies. Three statistical parameters are used to
evaluate the accuracy of the predictive models, in which the coefficient of determination (R?) and root-mean-
squared error (RMSE) are considered. Additionally, the characteristics, i.e., mean and standard deviation, of
the ratio of predicted shear strengths to experiment values are quantified. The results reveal that the ANN
model outperforms other proposed formulas in predicting the shear capacity of squat rectangular RC walls.

Keywords: Squat rectangular reinforced concrete walls; Shear capacity; Artificial neural network;
Experimental database.

1. Giéi thiéu nang khang cat ciia vach BTCT tiét dién chir nhat
Véch ngin bé téng cét thép (BTCT) duoc ng [2)-17]-
dung rong réi trong két cdu nha cira hoic cac két Barda va cong su [2] da tién hanh thi nghiém

cdu nha may dién hat nhan do loai vach ndy c6 08 mau vach ngan cd cac phan tor bién. Tur do,
kha nang chiu tai trong ngang 16n [1]. C6 hai loai  nhém tac gia nay da dé xuat mot cong thic tinh
tiét dién ngang dién hinh ciia vach ngan BTCT  toan kha ning khang cat duya trén cac két qua thi
do 1a tiét dién chit nhat va tiét dién c6 canh. nghiém. Gulec va Whittaker [5] da dé xuat cac
Nhitng thap nién gan day, nhiéu nghién ciudadé  cong thie thuc nghiém tinh toan kha ning khang
Xuat cac cong thuc thuc nghiém tinh todn kha  cét cua vach ngan BTCT tiét dién chix nhat va tiét
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dién c6 canh dya trén két qua caa 227 bo dit liéu
thi nghiém. Wood [3] da xem xét lai va danh gia
cobng thic tinh toan cuong do khang cit danh
nghia trong tiéu chuan thiét ké ACI 318-83 dua
trén bo dir lieu gdm 143 thi nghiém cua véch
ngin BTCT chiu tai trong ngang. Sanchez-
Alejandre va Alcocer [4] da dé xuat mot md hinh
thiét ké cho viéc tinh toan cuong d6 khang cat
cua vach ngan BTCT chiu tai trong dong dat.
Kassem [6] d4 rat ra mot biéu thie dudi dang giai
tich tinh toan cudng do khang ct xem xét dén sy
anh huong cta phan bé tong theo duong chéo va
cot thép bung véach. Céc tham s6 mé hinh duoc
hiéu chinh st dung 664 bo dir liéu thi nghiém cua
vach chir nhat va vach c6 canh. Bén canh do, mot
s6 tiéu chuan thiét ké dién hinh da cung cp cac
cong thuc tinh toan kha niang khang cat caa véach
tiét dién chir nhat bao gom ACI 318 [8],
ASCE/SEI-43 [9], va EC8 [10]. Tuy nhién, c6 su
khac nhau trong cac biéu thuc cua cac tiéu chuan,
trong do dac biét la cac giagi han ap dung va gia
thiét kém theo.

Céc thuat toan tri tu¢ nhan tao da va dang dugc
ung dung rong rai trong cac linh vuc khoa hoc
néi chung va ky thuat xay dyng néi riéng. Bén
hién tai, da c6 mot vai nghién ciru st dung cac
md hinh hoc may (ML) dé duy béo kha ning
khang cat cua vach BTCT. Moradi and Hariri-
Ardebili [11] da xay dung mot thu vién dir liéu
téng hop bao gdm vach ngan, vach manh, vach
c6 canh va vach chir nhat; tir do, xay dung mo
hinh ML dé tinh toan kha ning khang cét ctia cac
vach BTCT. Tuy nhién, muc do chinh xac cua
mé hinh ML c¢on chua thuc sy cao. Gan day,
Nguyen va cong sy [12] da dé xuit cong thirc va
giao dién do hoa nguoi dung dé du bao kha ning
khang cit ctia vach ngdn BTCT c6 canh. Chen va
cong su [13] da sir dung mo hinh lai ANN-PSO
dé du bao kha ning khang cit ciia vach BTCT
dua trén 139 s liéu thi nghiém. Mac du vay, $6
luong dit li€u thi nghi¢m can 16n hon nita dé dam
bdo pham vi cac tham s6 dau vao duge mo rong,
tang hiéu qua du bao. Tariq va cong su [14] da
xay dung mot cong thirc du bao kha nang chiu
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cit ctia vach BTCT dua trén 1ap trinh dién giai
gen don. Cong thirc d& xuat xem xét cho ca ba
loai vach BTCT bao gdm véch tiét dién chit nhat,
vach c6 canh va vach hinh qua ta. Cac tac gia chi
ra rang cong thie d& xuit du bao kha ning chiu
cit ciia vach BTCT c6 d6 chinh xac kha cao, véi
hé sb twong quan bang 0.96. Tuy nhién, can ¢4
mot nghién ctru du bao kha niang khang cit caa
vach ngin BTCT chit nhat dya trén moé hinh
ANN.

Muc tiéu cua bai bao nay la xay dung mé hinh
ANN dé dy béo kha ning khang cit cua vach
ngan BTCT tiét dién chir nhat. Mot bo s6 liéu
gom 312 két qua thi nghiém duoc thu thap. Hiéu
nang dy bao ctia m6 hinh ANN duogc so sanh véi
tam cong thirc dé xuat trude day. Mic do chinh
xac cua cac mo hinh dy bao dugc danh gia thong
qua céc tham sé thong ké bao gom hé sé xac dinh
(R?) va sai s6 quan phuong (RMSE). Ngoai ra, gia
trj trung binh va do léch chuan cua ty sb giira gia
tri cuong d6 du bao va gia tri thi nghiém cling
duoc tinh toan dé danh gia.

2. Cac cong thirc tinh todn kha niang khang
cit caa vach BTCT chir nhat

Trong nghién ctru ndy, cac tac gia da xem xét cac
tiéu chuan thiét ké dién hinh 13 ACI 318 Chuong 11
va Chuong 18 [8], ASCE/SEI-43 [9], EC8 [10].
Dong thoi, cc tac gia ciing khao sat 04 nghién ctu
da cong bd trude day bao gom Barda va cong su [2],
Wood [3], Gulec & Whittaker [5] va Adorno-
Bonilla [7]. Bang 1 tom tét cac cong thirc (md hinh)
du béo khao sat trong nghién ctu nay.

3. B dir liéu thi nghiém

Mot bo gom 312 dir lisu két qua thi nghiém vach
ngan BTCT tiét dién chir nhat da duoc thu thap va
chon loc trong cac bai bao da cong bd [15-37]. Can
luu ¥ rang bo dit liéu nay bao quét duoc pham vi rat
rong cua cac tham sb dau vao nhu d6 manh, ty s6
nén va dic trung vat liéu s dung. Bé tong va cét
thép co xét dén cudng do cao, trong do cudong do bé
tong I6n nhit xét dén 13 70 MPa va cudng do chay
déo cot thép doc dat ¢én 806 MPa.
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Bang 1. Cong thirc tinh toan cudong do khang cit cia vach ngan BTCT theo cac md hinh.

M&é hinh Céng thwc tinh

V=V+V <083 fc’t d; d =081,

V. = 0.270f/t, d+—

zw<o.1/1\/f:’ : iw>
Hoac V, = [0.05Ay/f. + T twd
v
- Ay fyd
s s
Trong do:
ACI 318 Chuong V. 1a cudng d6 khéng cit do bétong; (1)
1118] V; 1a cuong do chju ,ct do cbt thép ngang;
f 1a cuong @6 chiu nén cua bé tong;
12 chiéu day bung vach;
,, 1a chiéu dai bung véch;
P la luc nén;
A, la dién tich cbt thép ngang;
f, 1a cudng d6 chay déo cua cot thép;
s 1a khoang céch cét thép ngang;
A 12 hé sb ké dén sy suy giam dic tinh cua bé téng.
V = Ae (aclVFZ + puty) < 0.834c
ACI318 Chuong 17018 4% , ,
18 [8] A, la dién tich mat cat ngang caa bung vach theo phuong luc cat; (2)
pr, 12 ham luong cdt thép ngang;
a, 12 hé sb dic trung cho ty & khang cét ciia phan bétdng so véi toan vach.
V = vpdty,, (d = 0.61,)
h, P
vy = 0.69\/F) — 0.28\/f, (— ~05 ) e ey < 167VR
L, 41,
Pse = Apy + Bph
/ Néu h,,/l, <054=1;B=0
ASCE/SEI-43 [9 . 3
B Néw0s <y, <154 =—hy /L, +15: B = hy /L, ®)
Néuh,/l, >154=0;B=1
Trong do;
h,, 1a chiéu cao vach;
py 12 ham lugng cét thép doc.
M, M,
V= [phfyh (V_l - 0-3) + Pufyv * (1-3 T )] twdy
EC8 [10] nhw b @)
NA 15P <01
Awfc
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M6 hinh Cong thirc tinh
M
[O 15\/E + phfyh <— — 0. 3) + pvfyv (1-3 —— )] twdw
VTllW
% 1.5P
Néu ™y > 0.1
d, = 0. 81W, —1 = ty s mb men va lyuc cat.
R P
Barda va cong su (0 67/ f. —0.21 fC — + + pvfy>
2] 41, (5)
(d =0.61,)
vffy
0.54.+/f, <V =—"2<0.834./f'
Wood [3] i~ o~ (6)
Ayf ladién tich cot thep ngang khang cit.
1.5{/f.A,, + 0.25F,, + 0.2F,,. + 0.4P
V= JiAw be < 104,\/f!
hw
Ly
Whittaker [5] Trong do: Q)
w la dién tich tiét dién ngang cua véch;
E,, 1a cuong do6 cung cap bai cét thép doc trong bung véch;
F.pe 12 cudng d6 cung cip boi cbt thép doc trong phan bién cua véch.
= (0.35 +0.068f/ — 0.08f ’l‘—w + 0.41Ai + 0.47pgfoe + 0.39pbefybe) A,
w g
fyse = Afyv + nyh
Pse = Apy + Bpp
Adorno-Bonilla Aspe
Pbe =
[7] be ACV (8)

N&%sammA=LB=o

w

N&a5<%<1mmA_——+153_T—a5

w

Néu h,,/l, >15thiA=0; B=1

L

L,

Hinh 1. Minh hoa vach ngan BTCT chit nhat.

54



Dy béo kha néng khang cét clia vach ngan bé tong cét thép chi¥ nhat st dung md hinh mang than kinh nhan tao

Chiéu cao vach: 500 mm < H,, <4691 mm:
Chiéu dai vach: 600 mm < L,, <5415 mm;
Bé day cua vach: 60 mm < t,, < 240 mm;
b6 manh: 0.3<H,, /L, <2.2;
Ty sbnén: 0 < P/fA, <0.50;;

e Ham luong cbt doc phan tir bién: 0.0% <

Ppe < 14.3 %;

e Ham luong ct thép theo phuong dirng cua
vach: 0.00% < p_ < 14.3%;
e Ham luong cbt thép theo phuong ngang cua
vach: 0.00% < p, <6.7%;
e Cuong do chiu nén bé tong: 5.2 MPa< f/ <

70.3 MPag;

e Cudng do chay déo cbt thép phan tir bién:
300 MPa < £, < 770 MPa;
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e Cuong do chay déo cdt thép theo phuong
dtrng: 300 MPa < f,,, <770 MPa;

e Cudng d6 chay déo cbt thép theo phuong
ngang: 314 MPa < f,,, <806 MPa.

Hinh 1 minh hoa cac tham sb kich thuéc hinh
hoc, vat liéu st dung va tai trong tac dung Ién véch
ngén chit nhat BTCT. Luu y rang luc doc tac dung
1én véch 13 dung tAm. Biéu db phan b cua 312 bo
dix liéu dau vao duoc thé hién trén hinh 2. Ma tran
trong quan gitra c4c tham sé cua b dir liéu sir dung
duoc thé hién trén hinh 3. Bang 2 mé ta cac dic
trung théng ké cua cac tham sé dau vao trong bo dir
liéu thu thap. Cac chi sb thdng ké bao gom gié tri bé
nhat (Min), gia tri 1on nhat (Max), gia tri trung binh
(Mean), d6 léch chuan (SD) va hé sb bién dong
(CV).
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Hinh 2. Biéu d6 phan bé ciia b dit liéu dau vao.
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4. M0 hinh ANN
4.1. CAu trtiic mé hinh ANN

ANN la mot thuat toan hoc may duoc xay dung dua
trén mang than kinh sinh hoc. Hién nay, nd duoc st
dung rong réi do hiéu qua tinh toan va tién dung
trong quan ly va st dung thuat toan. Mang
perceptron nhiéu 16p (MLP) la dang thuat toan phé
bién nhat trong mé hinh ANN.

Mot MLP bao gom nhiéu no-ron (nit), cac no-
ron dugc phén chia thanh ba lop: 16p vao (input

qua du bao ciia mang, con 16p an nam giia 16p vao
va I6p ra thé hién logic lam viéc cua mang. Céc no-
ron chia cac trong s6 (weight) va ngudng
(threshold) trong tng; cac no-ron duoc két ndi voi
nhau dé lan truyén tin hiéu tir 16p vao dén I6p ra.
Ngoai ra, dé truyén tin hiéu trong mang can cé cac
ham kich hoat (activation funtion) hoic ham truyén.
Trong nghién cau ndy, ham phi tuyén tansig
dwoc st dung cho I6p an va ham tuyén tinh
purelin dugc dung cho 16p ra. Hai ham nay duoc
thé hiéu theo céc biéu thirc (10 va (11) nhu sau:

layer), mot hogc nhiéu 16p an (hidden Igyer) va lép y = tansig(x) = —5 — 1 (10)
ra (output layer). Lop vao cho phep tiép nhan cac

thdng so dau vao cua mang, 16p ra la thé hién két y = purelin(x) = x (11)

Hw Lw i pbe v ph fe fibe Jiv fih P V test

Hw 1.00 | 036 | 0.10 | 012 | -0.05 | -0.16 | -0.08 | 0.10 | 007 0.02 0.05 | -0.02

Lw 0.36 100 | 023 | 017 | -023 | -0.15| 031 ( -004 | 003 | 002 | -0.19 | 040

fals 0.10 | 0.23 1.00 | 0.00 | -0.01 | O.14 | 037 0.37 0.33 0.31 0.01 0.80

pbe | 012 | -0.17 | 0.00 | 1.00 | 0.18 | 0.01 | 0.01 | 0.06 | 0.05 | 0.04 | 0.00 | 0.06

v -005 [ -023 | -0.01 | 0.18 100 | 054 | 023 0.11 009 | 008 000 | -0.03

ph 016 | <015 | 014 | 001 0.54 1.00 | 0.17 017 014 | 011 0.01 019

fe -0.08 [ -031 | 037 0.01 023 0.17 1.00 | 032 029 | 026 | 0.14 | 033

[frbe 010 | -0.04 | 037 006 | 011 0.17 032 1.00 | 095 090 | -0.19 | 030

fiv 0.07 | -0.03 | 033 0.05 009 | 014 | 029 | 095 100 | 095 | -0.19 | 0.26

Sl 0.02 0.02 0.31 0.04 | 0.08 0.11 026 | 090 | 095 1.00 | -0.19 | 028

P 0.05 | -0.19 | 0.01 0.00 | -0.01 | 0.01 0.14 | -0.19 | -0.19 | -0.1%9 | 1.00 | -0.05

Vtest | -0.02 | 040 | 0.80 | 0.06 | -0.03 | 0.19 | 033 030 | 026 | 028 | -0.05 | 1.00

Hinh 3. Ma tran twong quan giira cac tham s6 cua bo dit liéu.

Mang no-ron lam viéc (huan luyén) theo quy
trinh chung: Pau tién, khi 16p vao dugc xéac dinh
thi cac trong sb dugc gén. Céc trong sé nay sé
gitip xac dinh tam quan trong cua céc bién dau
vao. T4t ca cac bién dau vao duoc nhan véi trong
sb va sau d6 duoc cong lai. Tiép do, tin hiéu duoc
truyén qua ham kich hoat dé xac dinh dau ra. Néu
dau ra vuot qué gia tri ngudng thi nd sé kich hoat
nit va dir liéu s& truyén dén Iop tiép theo trong
mang. Két qua dau ra cuia mot nit sé tro thanh gia
tri dau vao caa nat tiép theo cho dén khi co két
qua du bao cudi cung & 16p ra. Quy trinh truyén
dix liéu tr 16p nay sang 16p khac duoc goi la mo

56

hinh mang chuyén tiép (feedforward network).
Trong qua trinh huan luyén moé hinh, dé chinh
xéac két qua du béo s& duogc kiém soét théng qua
sai s6 toan phwong trung binh (mean squared
error - MSE). Gia tri MSE duoc tinh toan theo
cong thire sau day:

1
MSE = _¥iLi(pi — t:)? (12)

Trong d6, N 1a tong sb mau dir liéu, t; and p;
tuong tng la c&c gia tri muc tiéu va gia tri du bao
ctia mau di liéu thir .
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Biasl Bias2
I A, . S N e e — ~
1 \ I \ f 1
1 I 1 1 1 1
H,, (mm)I I 1 ! ! 1
> N [ ! ! 1
1 AN 1 ! ! 1
L, (mm)! \ 1 i@ : ! 1
1> & 's7 ! I 1
1 AN " 1 [ |
1 P S I I 1
1, (mm) s A 44 \® ' | :
1 i ¥ 1 1 1
1 ¥ Dy | R\ =
1 i & 3‘@@ T = =
| ISV ) XK I ¥ 1
1 ALK\ ! 1 1
P (%) 1 L XN f? i | :
> =7 'y I 1 1
1 i ) ¥ 1 1
~ o 1 = 1 1 1
PaN) | ) & : \ : :
1 ! 1 ! ! 1
1 1 1 1 1 1
Noegsaas o d N e T e
Input layer Hidden layer Output layer
Weight1 Weight2

Hinh 4. CAu trac m6 hinh ANN dé xuit.

Dé t6i wu su 1am viéc cia md hinh ANN, céu tric
hop Iy can dugc x4c dinh. Trong nghién cau nay,
phuong phép thir va sai dugc sir dung dé tim dugc
s6 lugng 16p an va s6 no-ron trong mdi 16p an. Két
qua la cau tric mot 16p an vai bay no-ron dugc sir

dung, nhu trén hinh 4. Trong do, ty 1& dit liéu huan
luyén (train) chiém 75%, con 25% dix liéu con lai
chia déu cho viéc kiém chimg (test) va phé chuan
(validation).

Bang 2. Dic trung thong ké cua cac tham sé trong bo dir lidu.

Tham  Hy Ly tw Pbe Pv Pn fe fybe  [yv fyn P Vi
$0 (mm) (mm) (mm) (%) (%) (%) (MPa) (MPa) (MPa) (MPa) (kN) (kN)

Min 500 600 60 00 00 0.0 5.2 300 300 314 0.0 83
Mean 1633 1691 131 32 09 06 30.8 487 488 483 226 717
Max 4691 5415 240 143 143 6.7 70.3 770 770 806 2978 2831
SD 758 863 48 34 16 0.6 11.5 87 88 88 407 650
cov 046 051 037 107 1.73 0.93 0.37 0.18 0.18 0.17 180 0.91

Best Validation Performance is 0.0061546 at epoch 8

Train
Validation
Test

Best

Mean Squared Error (MSE)

Epoch
Hinh 5. Sy lam viéc cia m6 hinh ANN.
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4.2. Hiéu nang caa mo hinh ANN

Hinh 5 thé hién su 1am viéc cuia mé hinh ANN dé
Xuét véi gia tri MSE giam dan theo qué trinh lap
tang dan. Sy kiém soat mic d6 hop ly cia md hinh
duoc xéac dinh sau 08 vong huan luyén (epoch) voi
gié tri sai s6 MSE dat 0.00615. Hinh 6 biéu thi su
so sanh két qua du bao theo ANN va két qua thi
nghiém cho céc tép dit liéu huan luyén, kiém ching,
phé chuan va tat ca dir liéu. Qua do cho thiy rang
két qua du bao tir md hinh ANN Ia rét sat voi két
qua thi nghiém cho cac tép dix liéu véi hé sb R? xap
xi 0.97. Hay ndi céch khac, ANN c0 hiéu nang cao
va cho két qua du béo kha ning khang cit cia vach
BTCT rat d4ng tin cay.



Phan Van Tién, Nguyé&n Duy Dun

5. So sanh két qua dw bao ciia mé hinh ANN va c4c cong thire dé xuit

Training: R=0.98823
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Validation: R=0.95935
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Hinh 6. So sanh két qua dy bao tir md hinh ANN vaéi thi nghiém.

5.1. Tham s6 danh gia

Céc tham s6 théng ké st dung cho danh gia cac mo
hinh dy b&o bao gém hé s6 xac dinh (R?) va sai s6
quan phuong (RMSE). Luu ¥ rang gia tri R? dac
trung cho phan tram dir liéu gan nhat voi duong hoi
quy; R? cang cao thi md hinh tinh toan cang tét va
nguoc lai. Con tham s6 RMSE la ding dé dai dién
cho mirc do chénh léch (sai s6) giita gia tri tinh toan
va gié tri thi nghiém; néu RMSE cang bé thi md
hinh tinh toan cang chinh xac va nguoc lai.

2 _ 1 _ z:Til=1(ti_0i)2)
ke=1 (zzzlm—a)z (13)
1
RMSE = \/(;) no(t—o0)?  (14)

Trong d6 t; va o; twong tng 1 két qua thi nghiém
va tinh toén cua dir liéu thi i; n 14 86 luong dit liéu;
o la gia tri trung binh cua cac két qua tinh toan.
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5.2. Két qua so sanh va danh gia

Hinh 7 thé hién su so sanh két qua du bao kha
ning khang cat gitra két qua thi nghiém va theo 9
mo hinh dy bdo. Puong dut (tuc 1a duong 1:1)
chinh 14 dudng muc tiéu, cac s liéu du béo nim
trén dudng ndy sé bang vai két qua thi nghiém;
dir liéu cang gan véi duong 1:1 thi do chinh xac
cua két qua dy bao cang cao. C6 thé nhan thay
rang, md hinh ANN cho két qua du bao gan nhat
véi két qua thi nghiém so véi cac md hinh (cong
thuc) khac. Ngoai ra, md hinh cua Gulec-
Whittaker [5] va Wood [3] cho phan bé dit liéu
két qua tinh todn gan voi duong chuan 1:1 nhat
trong 8 mo hinh ly thuyét xem xét, tiép dén 1a mo
hinh EC8 [10]. Két qua tinh toan tir cac mo hinh
ACI 318 [8] va ASCE/SEI-43 [9] ¢6 su phan tan
kha 16n. Sy sai khéac nay c6 thé do viéc xem xét
su ¢ mit cua ty sd hinh dang caa vach va anh
huong caa phan tr bién (boundary element) &
vach dén cuong d6 chiu cit.
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ACI 318-14 Chap. 11

ACI 318-14 Chap. 18

ASCE 43-05
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Hinh 7. So sanh kha nang khang cat gitra két qua thi nghiém va cac mé hinh dy béao.

Bang 3 trinh bay két qua cua cac tham s
thong k& R? va RMSE cho tiing md hinh tinh
toan. Ngoai ra, cac dic trung thong ké cua ty sd
gitta cudong do chiu cat tinh toan va cuong do
chiu cit theo thi nghiém (V,gcuate/Veese ) cling
dugc tinh todn dé danh gia. Cac dic trung thong
ké nay bao gém gia trj trung binh (mean) va do
léch chuan (standard deviation). Két qua tir bang
3 cho thay rang, md hinh ANN du béo kha ning
khéng cit caa vach BTCT tét nhét véi gia tri R?
cao nhét (= 0.964) va sai s6 quan phuong RMSE
nho nhat (= 132 kN). Bén canh do, gia tri trung
binh cua ty s6 V.gicuiate/Veese ttr md hinh ANN
bang 1.01 (rit gan vai 1.0) véi d6 léch chuan rat
bé (= 0.252).

Ngoai ra, két qua tinh toan cho thay rang md
hinh tinh toan cua Gulec-Whittaker [5] cho kha
nang khang cat tuong déi tét voi gia tri R? =
0.763 va sai s6 quan phuong RMSE = 351 kN.
Diéu nay c6 thé duoc giai thich 1a cong thic cua
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Gulec-Whittaker [5] da xem xét pham vi ap dung
cho véch ngan BTCT. Tiép theo do6 la cac mo
hinh tinh toan cia Wood [3] va tiéu chuan Chau
Au EC8 [10] lan luot véi gia tri R? bang 0.705
va 0.666, va gia tri RMSE lan luot bang 373 kN
va 505 kN. Ngoai ra, mot diéu can luu y rang ty
O Vogicutate/Veese ciia cac md hinh nay déu kha
gan voi 1.0, c6 nghia 14 gia tri trung binh tinh toan
tuong dbi gan v6i két qua thi nghiém. Trong khi
d6, cac md hinh tinh toan con lai cho két qua du
bao véi muc do chinh xac thdp hon so voi 3 mo
hinh (cong thure) vira néu ¢ trén.

Nhu vady, m6é hinh ANN dé xudt cho két qua
du bao kha nang khang cit ciia vach ngan BTCT
t6t nhat, tiép dén 1a mo hinh cuia Gulec-Whittaker
[5], Wood [3] va tiéu chuan EC8 [10]. Vi vay,
cac k¥ su c6 thé can nhic sir dung mo hinh ANN
thay thé cho cac cong thirc trong tiéu chuan thiét
ké dé tinh toan du bao kha ning khang cit cua
vach BTCT mét cach nhanh chéng va chinh xac.
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Bang 3. Tham s6 thong ké dénh gia cac mo hinh tinh toan kha ning khang cit ciia vach BTCT.

Pic trung caa ty sé

RMSE Viinhtoan! V i¢
TT Mb hinh tinh toan R? (kr\Sf) Gl;:;l e ”g}“)'g‘l%ch
trung binh chuan
1 ACI 318 Ch. 11 [8] 0.361 1145 2.29 4.43
2 ACI 318 Ch. 18 08] 0.631 660 1.15 1.33
3 ASCE43[9] 0.633 651 1.79 1.94
4 EC8 [10] 0.666 505 1.23 1.36
5 Barda va cong su [2] 0.498 661 1.66 2.63
6 Wood [3] 0.705 373 1.10 0.49
7 Gulec-Whittaker [5] 0.763 351 0.90 0.41
8 Adorno-Bonilla [7] 0.702 574 1.62 1.49
9 M& hinh ANN 0.964 132 1.01 0.252
6. Két luan Loi cam on

Nghién ciru ndy da xay dyng mo hinh ANN dé du
bdo kha ning khang cat ciia vach ngan BTCT tiét
dién chir nhat. Bo dit liéu bao gom 312 két qua thi
nghiém tir cac nghién ctru trude day da dugc tap
hop dé ding cho viéc huan luyén mé hinh ANN.
Két qua du bao dua trén md hinh ANN duoc so
sanh véi 08 cong thire trong cAc tiéu chuan thiét ké
va cac nghién ctru dién hinh da cong bé trudc day.
Céc két luan dugc rit ra nhu sau.

e M5 hinh ANN dé xuit trong nghién cau nay
du béo kha ning khang cit cia vach BTCT chinh
xac hon so vai cac cong thirc (m6 hinh) trong tiéu
chuan thiét ké va nghién ctru trudc day.

e Do chinh xac cta cAc mo hinh dugc danh gia
théng qua cac tham sé thong ké cia ty sd
V catcutate/Veest, 40 1a R%, RMSE, gid tri trung
binh va do léch chuén.

e Trong 08 cong thirc cong thirc dé xuat trude
day, cong thirc cua Gulec-Whittaker [5] cho két qua
gan vai thi nghiém nhat, tiép theo la cong thuc cia
Wood [3] va EC8 [10].

e Két qua tinh toan theo cong thirc ACI 318 [8]
va ASCE 43-05 [9] ¢6 do phan tan Ién hon so voi
céc md hinh khéac.
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Nghién ctu duoc tai trg boi Bo gido duc va Bao
tao thong qua dé tai ma sé “B2022-TDV-09”.
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