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Nghién ctu t8i uu hda mang no-ron nhan tao
dé du dodn st khang cat ciia dam bé tdng gia 8 thép soi

B TS. LY HAI BANG; TS. NGUYEN THUY ANH; ThS. MAI VAN CHIEN

Trudng Dai hoc Céng nghé Giao thoéng van tdi

TOM TAT: Visc str dung thép son trén vao hdn hop
bé 16ng &3 duoc ching minh 13 1am tang dang ké
suc khang cét cta nd. Viéc fim ra tf 1& t61 uu phu
hop vén muc dich st dung cda bé tong 13 mét bar
toan kho, do1 hdi phai thuc hién nhiéu thi nghiém
tén kém Trong nghién clu nay, nhém tac gid ung
dung thujt todn téi uu héa by dan (PSO) dé té
vu md hinh mang no-ron nhan tao (ANN), tao ra
cong cu du bao ANN-PSO nhdm du doan suc
khéng ct cua dam bé téng gia ¢b thép s Dé
thyc hién viéc mé phdng, 488 dd liéu thi nghiém
da dugc thu thap 1 nhiang céng bd quéc té. Bo
dr lidu bao gém ba nhém bién du vao (kich thuée
hinh hoc cGa dadm, thanh phan hén hop bé téng,
théng tin se) va bién dau ra {suc khdng cit cda
dam). Mé hinh ANN-PSO va mé hinh ANN cung
duge xay dung 1én va so sanh ning luc dy bao
Viéc danh gig cac mé hinh duoc thyc hién va so
s&nh trén tap da hidu hudn luydn (70% da hiéu) va
1ap da héu kiém chang (30% da liéu con lai) bang
cac tiéu chi 13 hé s& tuong quan Pearson (R) va
sa1 s6 RMSE. K&t qud cda nghién ciu cho thdy,
mo hinh ANN cé thé du doan chinh xac kha nang
chiu cét t8i da cis dém bé tong gia ¢b so thép
Ngoai ra, mé hinh ANN-PSO (R = 0,95953, RMSE
= 0,053003) cho n&ng luc du bao 18t hon mo hinh
ANN (R = 0,86982, RMSE = 0,084524) v cac
chi sé vuot t61 hon

TU KHOA: Tri tué nhan tao (Al), mang no-ron nhan
130 (ANN), bé téng cét sor thép, suc khang ct.

ABSTRACT: The use of steel fibers into the
concrete mix has been proved fo increase the
performance of reinforced concrete sigmificantly.
Finding the optmal ratio appropriate to the
intended use of concrete is a difficult problem,
requinng many expensive expenments In this
study, the authors applied herd optimization
algorithm (PSO) to optimize arhficial neural network
mode! (ANN), creating ANN-PSO forecasting tool
to predict the shear strength of reinforced steel
bearns and steel fibers. To perform the simulation,

488 experimental data were collected from
international publications. The data set consists of
three groups of input vanables (beam geometry,
concrete composition, fiber information) and
output vanables (shear resistance). ANN-PSO
model and ANN model were buillt and compared
forecasting capacity The evaluation of the models
was made and compared on training data set
(70% data) and control data set (30% remaining
data) by criteria of Pearson correlation coefficient
(R) and root mean square error (RMSE). The
results of the study show that the ANN model can
accurately predict the maximum shear strength
of reinforced steel beams In addition, the ANN-
PSO modef (R = 095953, RMSE = 0 053003)
provides better forecasting capacity than the ANN
model (R = 086982; RMSE = 0.084524) with
more supenor indicators

KEYWORDS: Artificial Inteligence (Al), Arrficial
Neural Network (ANN), steel fiber reinforced
concrete, shear strength

1. DAT VAN OF
8@ tong la vat liéu duoc sir dung phd bién nhét trong

linh vic xdy dyng. Tuy nhién, bé tong théng thudng ¢6
cudng @6 chiu kéo khi udn va d¢ bén déo thap, khang
nut khong cao, dé bi pha hoai gion. Nhimg nhuoc diém
nay ¢6 thé khic phuc bdng cach b6 sung cac loai soi khac
nhau, bao gém sgi carbon, tdng hop, thly tinh hoéc thép
vao trong thanh phan ¢8t liéu. Cac loai sai tron thém vao
6 tac dung thay d8i mot s tinh chat co ly cla bé tong.
Cho dén nay, bé tong cot soi da duoc tng dung phé bién
va rong réi trén thé gidi. Trong s6 6, bé tong gia 8 sgi
thép (con gor 13 bé téng cét soi thép - SFRC) duoc Ung
dung rat nhiéu cho céc cong trinh nhu mat dusdng 610,
mat duding san bay, ban mét cau duung hém, gir 8n dinh

mai déc, san nha cong nghié

két cau chiu taitrong déng

bi n6 ¢é nhiéu uu diém ndi bat nhut: tang kha nang chiu
tdi clia bé tong ngay ca trong truong hap ¢6 vét nit clia
bé téng, giam chiéu day tam bé tong, tang do bén, ting
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kha nang chéng mai mon va chi phi bao dudng thap. Dic
biét, soi thép cé tac dung tuyét véi trong viéc tang cuding
Umg xUf cdt clia dam bé téng cét soithép [1]. Viec du dodn
vé Ung xUf cét va cudng 86 c3t trong dém beé téng cét soi
thép lién quan dén cac yéu t6 khac nhau va rét phuc tap.

Céc thdng s6 chinh lién quan la cac théng s6 vé soi
nhu ham lugng soi, hinh dang soi, ty |& khung soi, do
bén kéo sgi, kich thudc hinh hoc ctia ddm va thanh phan
hdn hop bé téng. Cho d&n nay, trén thé gidi da c6 nhidu
cong trinh nghién ctu dy dodn sdc khéng cdt cia dam
SFRC b¥ng céch dua ra cdc phuong trinh toan hoc dua
trén cac két qua thuc nghiém. Bén canh dé, cing ¢6 mét
s6 phuong phap dua vao cg ché cla bai todn. Nhing
nghién clu dang dugc dé cap & ddy |3 cong trinh dua
trén viée thay 86i ly thuyét vé trudng nén cho dam SFRC
[2], hay md hinh khadng nén kép hodc phuong phap tiép
can dua trén bién dang déo. Mot s8 cach tiép can theo
huéng stfa ddi trusng nén 8a dugc thyc hién cho ddm
SFRC cé thé k& d&n nhu viéc viét lai cic phuang trinh
<6 hoc két cdu cua SFRC bi nit [3,4], céc gid dinh vé vét
Nt bj v va dich chuyén vét nit trong SFRC [5), lap trinh
hiéu Ung cua sai dua theo phdn mém VecTor2 [6], cAc thi
nghiém véi tdm SFRC (7], phat trién mé hinh tinh toan ky
thuat (8] dé nang c3p c4c phién ban tinh todn theo clia
ma md hinh soi [9). Hdu hét cc phuong phap dua trén
viéc slfa déi truding nén ndy déu yéu cdu viéc lap trinh
hoac sur dung cac mo hinh tinh todn dua trén phuong
phap phén t hitu han. Biéu nay khién cho viéc tiép can
151 gidi cOa bai 1a r&t kho khan. Céch tiép can theo mé
hinh khang nén kép danh gié kha nang chju ti cua bé
téng trong viing nén va kha nang chiu kéo cua SFRC. Han
ché clia nhitng phuong phap nay la cic gid dinh vé co
hoc khéng phan anh tat ca cic co ché 1am viéc ctia SFRC
[10]. Cac md hinh dya trén bién dang déo cing da dugc
@& xudt trong nhiéu cong trinh nghién ciu khac nhau
[11,12). CAc két qua dua ra Gugc coi la hdfa hen, tuy nhién,
chung dbi hoi phai nghién ctru sau hon va kiém chung
nhiéu han nda.

Trong nhing thép ky qua, c6 mét phuong phap méi
@3 nhan duac rat nhiéu su chi y cla cdc nha khoa hoc, d6
la phuong phdp Trf tué nhan tao (Al) dya trén khoa hoc
mdy tinh. Trong s6 cac thut toan Al, mang no-ron nhan
tao ANN gin day dang duac sif dung dé mé phong cac
van dé ky thuat phuc tap. M6 hinh mang no-ron nhan
tao c6 khd nang gial quyét dugc cac bai toan c6 tinh phi
tuyén, phiic tap va dac biét trong c4c bai toan ma méi
quan hé giifa cdc yéu t6 dau vao va déu ra khong dé dugc
thiét 13p mét cach tudng minh.

Trong tét ¢3 cac trudng hop, mdt mo hinh thé cha
ANN thuding duac phat trién va hudn luyén bing cac ky
thuét téi uu hoa. Cic thudt todn ¢4 dién nhu thuat todn
lan truyén nguoc (BP) da duge dé xust vé co ban dé dao
tao ANN (13]. Tuy nhién, mang st dung thuat toan nay
tn tai nhudc diém: dé rai vio diém cyc tidu cuc bé ddi
véi mang no-ron truyén thing st dung cac ham kich hoat
phi tuyén [14). Dé gidi quyét nhuoc diém nay, cd thé su
dung cac thudt toan té1 uu hda nhu thuat toan gidi thuat
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di truydn (GA) [15), ti vu hda by dan (PSO) [16] hodc
thudt todn dan kién [17]. Tinh néng tim kiém nghiém clia
cac thuat todn nay cé thé giup cai thign nang luc dy bdo
clia ANN trong mét s& trudng hop. Vi vay, muc dich chinh
clia bai béo nay 13 nghién ciru tng dung mo hinh ANN stf
dung thuat toan téi uu héa biy dan (PSC) dé dy doan sic
khang cét cia ddm bé tong cét sqi thép.

2. THIET LAP MO HINH DY BAO

2.1. Mang no-ron nhan tao (ANN)

Mang [udi than kinh nhan tao (ANN) 13 m6t mé hinh
todn hoc dugc thiét k& dé thyc hién mét nhiém vy cu
thé, dua trén cach thic hoat déng giéng nhu bé nao
cua con ngudi xU ly thong tin, tic 13 véi su tro givp cha
céc dan vi xt Iy (t& bao than kinh). Cho dén nay, ANN da
duoc st dung thanh cong cho nhiéu linh vuc trong cudc
sng [18]. Lién quan @én xap xi chuc nang, cac giai phap
dua trén ANN thudng chinh xac hon so véi céc gidi phap
duge cung cap theo phuong phap truyén thang, nhu héi
quy phi tuyén da bién, bén canh d6 cing khéng dai hai
kién thuec tét vé hinh dang ham duoc mé hinh haa. Ciu
tric ANN dugc hinh thanh béi ba hay nhiéu 16p bao gém
mét |6p dau vao, mot I16p ddu ra va mét hoac nhiéu l6p
an dugc mé ta & Hinh 2.1, Lép ddu vao 18y gid tri cla déu
vao va gl chiing d&n cdc no-ron ¢6 sin trong 1dp 3n. Bén
trong mdi no-ron, mét téng dau vao c6 trong s8 duoc
tinh todn va gia tri nay cong voi gia tri sai léch duge bién
d6) bai ham kich hoat. Cudi ciing, tin hidu dau ra dudc
chuyén dén cac no-ron & [p tiép theo.

Mang ludi than kinh cin dudc dao tao dé thé hign
hiéu suat hiéu qua. Do tao c6 nghia 13 trong s6 va db
léch ctia mang dugc xdc dinh sao cho sai s6 t6i thiéu gilra
cac muc tiéu (gid tri thuc té) va dau ra (gia tri mang) xay
ra. Do dé, trong qud trinh dao tao cla cdc mang ludi than
kinh, cac thuat toan lan truyén nguge (BP) thuding dugc
st dung dé hudn luyén mang. Thudt toan Levenberg -
Marquardt (LMA) thudng 12 thuat toan lan truyén ngugc
nhanh nhét trong dao tao cdng cy. Do d6, LMA dugc ap
dung trong nghién cdu nay.
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Hinh 2.1: C3u trdc mang ANN dién hinh

2.2. Thuat todn T5i uu héa bdy dan (PSO)

T6i ut héa by dan la mot thuat todn tién hoa thang
minh duoc 1§y cam hung tif md hinh héa viéc dan chim
bay di tim kiém thuc &n cho nén né thu'crng duac xép vao
cac loar thust todn c& st dung tri tué by dan. Thuat todn
PSO dugc giéi thigu vao nam 1995 tai héi nghj cda IEEE
b1 James Kennedy va cong su[16]. Thuat toan nay ¢6 uu
diém Ia téc db hoi tu rat nhanh trong sG cac thust toan
{6i uu khac va vé co ban 1 lién tuc. Do d6, n6 ¢ nhiéu



ung dyng quan trong trong tat ca cac linh vyc ma ¢ do
d6i hér phai gidi quyét cac bai toan tdi uu hda.

Nhu da trinh bay & phan trén, qué trinh dao tao ANN
dan dén mot van dé tai thidu hoa co thé dugc gidi quyét
béing cac thudt toan ¢ dién hoac thuit toan téi uu hoa.
Trong mé hinh lai ANN-PSO, PSO ¢6 lién quan dé giam
thiéu cac 16i cta ANN bing cach xac dinh cac gia tri téi uu
cho céc trong s6 va dé léch cia mé hinh. Do d6, trong bai
toan nay, cac bién 13 trong sé va do léch va khong gian
kha thi ctia bai toan phu thudc vao khoang théi gian ma
cac bién nay thay @oi.

3. PHAT TRIEN MO HINH

3.1.Thu thap dir

Trong nghién cdtu nay, 488 di liéu thi nghiém vé
dam SFRC da dugc thu thap tirtai liéu cdng b tai cac tap
chiuytin trén thé gidi. Mo hinh ANN sirdung 16 bién dau
vao bao gém: (1) chiéu rong sudn dam (b, ); (2) chiéu cao
clta mat cdt dam (H); (3) chiéu cao ¢6 hiéu (d); (4) chiéu
dai nhip (L); (5) chiéu dai chiu cét (a); (6) chiéu dai chiu
cdt ¢6 hidu (a); (7) ham lugng cét thép (p); (8) cuding do
chdy cta thép (f); (9) ty 1 chiéu dai chiu cét von chiéu
cao ¢6 hiéu (a/d); (10) ty Ié chiéu dai chiu cdt ¢ hiéu va
chiéu cao ¢6 hiéu (a/d); (11) kich thudc lon nhat cia cot
liéu (O, ); (12) cudng dé nén clia bé tong (f ); (13) ti 1@
thé tich sgi thép (V,); (1) ty 1é chiéu dai/dudng kinh cua
s¢i (17d,); (15) 46 bén kéo cua sqi f, . )i (16) hé 56 tinh
chat sgi (F). Tham s8 ddu ra udc xét téi 13 suc khang cét
ctia dam SFRC. B dir liéu Gugc sdf dung trong cong viéc
nay dugc chia ngdu nhién thanh hai b dif liéu con béing
cach st dung phan phéi théng nhat, trong dé 70% dir
liéu tuong tmg vl 342 58 liéu duoc sir dung @€ dao tao
cac mo hinh ANN va 30% dir liéu con Jar tuang Ung voi
146 56 liéu duoc diing trong viéc kiém chiing mé hinh.

3.2.Pénh gia khad nang du bdo cia mé hinh

Dé danh gia dd chinh xac clia moé hinh ANN da phét
trién, hai tiéu chi ugc sir dung la hé s6 tuong quan R va
s5al s6 RMSE. Céng thuc tinh R va RMSE duac tham khao
trong tai liéu trich dén (19}

3.3. C4u tric ANN

Higu qué cla cac mo hinh ANN phu thudc vao cau
trdc cia mang no-ron (NN), tuc 13 56 lugng cac lap an va
56 lugng t& bao than kinh. Cau trac ANN dugc lya chon
dé dy doan suc khang cét cia ddm bé tong cdt si trong
nghién ciu nay gém 3 16p, trong do: 18p déu vao gom
16 no-ron tuang Ung vdi 16 bién dau vao, Idp an gém 10
no-ron va lap dau ra gém 01 no-ron dai dién cho gia tr
sdc khang cét.

4.KET QUA VA THAO LUAN

Theo mé ta & trén, hai moé hinh ANN dugc xem xét
trong nghién clu nay. M6 hinh déu tién 1a mé hinh ANN
6 trong 56 va @6 lech dugc xac dinh béng thuat toan
lan truyén ngudc (BP), tuc la thuat todn Levenberg -
Marquard (LMA) va mé hinh thi hai la moé hinh ANN-PSO,
dugc diéu chinh bdi thuat todn téi uu hda PSO. Cau tric
mé hinh gém ba |6p vai 10 ng-ron trong mét Idp an duy
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nhét da duoc &p dung trong ca hai mé hinh. Tat ca cac gid
tri clia bai toan, bao g6m Aau vao va ham muyc tiéu, duoc
chudn héa vé khoang gia tri tic 0 dén 1 dé giam thiéu sai
56 do m6 phdng tao ra. Trong céc bai toan du bio néi
chung, nang luc dy béo clia mé hinh la quan trong nhat.
N6 dugc thé hién thong qua cac chi tiéu danh gia sai s6,
nhu da trinh bay & phan trudc. Chinh i vay, cac két qua
& nhiing phan ti€p theo chi tap trung vao nhimng chitiéu
danh gia cho phan kiém chdng mé hinh.

Hinh 4.1 va 4.2 cho thay kha nang cta cac mé hinh
trong giai doan hudn luyén va kiém ching dé du doan
ting gid tri do duoc cia cac méu thir nghiém. Nhu ¢ thé
nhan thay, ca hai mé hinh ANN va ANN-PSO déu c6 kha
nang du doan sutc khang cdt ca hiu hét cac mau thur
nghiém moét cach chat ché.
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Két qua sai s6 ctia huan luyén mang trong giai doan
huan luyén v kiém ching dugc thé hién trén Hinh 4.3 va
4.4. Hinh 4.3 cho thdy giai doan hudn luyén cda mé hinh
ANN, gia tri sai s6 RMSE = 0,027532, mé hinh ANN-PSO
cho gia tri sai s6 RMSE = 0,019043. C6 thé thdy, mét 56
cai tién vé hiéu sudt cia ANN da duge dén @én trong gial
&oan nay bng cach str dung thuat todn PSO sao cho gia
tri RMSE 83 gidm. Hinh 4.4 cho thdy giai doan kiém chiing
ctia mé hinh ANN-PSO vdi sai s6 RMSE = 0,053003 va giai
doan nay cling da duac cdi thién hon khi dung mé hinh
ANN-PSO.

60

50

0
0.2 -015 01 -0.05 [ 0.05
Sai s6 (N)

Salsh RMSE = 0013043

0.1 -0.05 0 0.05
Sai s (N)
Hinh 4.3: K€t qud sai s6 cia phdn husn luyén
cho md hinh ANN va ANN-PSO

78

30
25
20
9
v
c 15
R
s
10
5
° an
0.4 0.4
Sai 6 (N)
20
Sal s8 trung binh = 0.0012733
D4 (fch chuldn = 005317
Sal s& RMSE = 0.053003
15
o
>
= 10
%
s
A
5 \
’
7
o -
0.2 0.1 L] 0.1 0.2
Sal s6 (N)
Hinh 4.4 K&t qué sal s& cta phan kiém chimg
cho mé hinh ANN vé ANN-PSO

Hinh 4.5 va 4.6 trinh bay mét két qua dién hinh trong
du bdo st khing cit clia ddm bé tong 6t sgi. DS véi bd
dir ligu huyén luyén, tuong quan gilta két qua mo phong
va thi nghiém dat gid tri R =0,86756 v6i m6 hinh ANN va R
=0,89233 vdi md hinh ANN-PSO. D8i véi bd dif liéu kiém
ching mé hinh, két qua tuong quan R dat dugc 3 R =
0,8959 vdi mé hinh ANN va R =0,91525 véi mé hinh ANN-
PSO va sai sG cing tap trung chu yéu véi nhiing gia tri sdic
khang c4t 16n. C6 thé thay, mét s6 cAi tién vé hiéu sust clia
ANN di dugc dan dén trong cAc giai Boan ndy bing cach
st dung thuat toan PSO sao cho gid tri R tang lén.
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Hinh 4.5: So sénh sit khdng c4t dy don va do dugr
ctia bd hudhn luyén cho mé hinh ANN va ANN-PSO
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Hinh 4.6: So sénh six khing ¢3t du doan va do dupc
cua bp kiém chung cho mo hinh ANN va ANN-PSO
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5. KET LUAN VA KIEN NGHI

Trong nghién c(u ndy, kha ning cta cac ky thuat tri
tué nhan tao (Al) trong dy Bodn sdc khang cit cua dam
bé t6ng ¢t s0i da duogc kiém tra. S5 lugng drliéu ding
cho mé phéng dugc tap hop tir két qua thi nghiém da
dugc cong bS trong cc tap chi uy tin trén thé gidi. D&
tiét kiém thai gian va kinh phi cho viéc tién hanh cac thi
nghiém, mot md hinh 16i uu héa ANN-PSO da dugc phat
trién. Ngoai ra, dé xac nhan va kiém tra hiéu sust coa mo
hinh ANN-PSO, mét mang no-ron nhan tao ANN ciing
dudc tao ra va diéu chinh bing thuat toan lan truyén
ngugc (BP). Suc khang cit cia ddm SFRC da duoc dy
doan bdi ca hai md hinh ANN-PSO va ANN véi cau tric
mang [16-10-1]. K&t qua chi ra réng, ca hai mé hinh ANN
va ANN-PSO déu dat hiéu suat tét trong dy dodn sic
khang cat, nhung da chung minh ring thuat todn PSO ¢
kha nang cdi thién @6 chinh xac cao hon cua du doan. Do
d6, thuat toan nay 13 mot cach tiép can tét cé thé dugc
4p dung trong thyc té & du doan suc khang cét clia dam
bé téng ¢St s¢n thép.
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