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Tém tat

Bai bdo nay trinh by phuong phap st dung mang no ron nhin tao (ANN) d€ du bao anh hudng ciia cac yéu
t6 cong nghé thi cong dén tinh cong tic ctia hdn hop bé tong tu 1én. Nghién citu dugc thuc hién trén cic miu
hdn hop bé tdng c6 do chay lan khac nhau (SF1 = 650, SF2 = 710, SF3 = 795) & 04 diéu kién khi hau tu nhién
(PK1 12 ndm 4m, PK2 la kho hanh, PK3 1 néng 4m, PK4 1a ning néng). Céc thong sb tinh cong tic ciia bé
tong tu lén dudc do tai thai diém sau khi tron va sau mdi 30 phiit luu giit. Thdi gian khao st cac thong sb bé
tong tu len thuc hién trong 120 phiit k€ tir sau khi hdn hgp bé tong tron xong. St dung mang truyén thang da
16p (MLP) dugc huén luyén béi thuat todn cd dién Levenberg — Marquardt dé xay dung mo hinh du béo trén co
s6 cdc thong s6 dugc thi nghiém. Két qua thuc hién cho thiy st dung mang MLP mot 16p an véi 5 no ron trén
16p 4n va 3 thong s6 dau vao (nhiét do moi trudng, nhiét do bé tong, thdi gian luu gift) c6 thé du bdo 6 thong
sb tinh cong tac ctia hdn hgp BTTL: SF, Tsq, Jiing> Libox» Vunnel, R2g v6i dO chinh xéc cao, hé ) tuong quan tu
0,96 — 0,99.

Tir khod: bé tong tu Ién; udc lugng phi tuyén tinh; mang truyén thing da 16p; kha ning 1ip day; kha ning chay
xuyén (vudt) qua; kha ning chdng phan tang.

THE APPLICATION OF ARTIFICIAL NEURAL NETWORK TO PREDICT THE EFFECT OF CONSTRUC-
TION TECHNOLOGY ELEMENTS ON THE WORKABILITY OF SELF-COMPACTING CONCRETE MIX-
TURE

Abstract

This article presents the use of Artificial Neural Network (ANN) method to predict the effect of construction
technology elements on the workability of self-compacting concrete mixture. The study was performed on
samples of concrete mixtures with different slump flow (SF1 = 650, SF2 = 710, SF3 = 795) in 4 natural
climatic conditions (DK1: Humid, DK2: Dry, DK3: Hot and Humid, DK4: Hot and Sunny). The performance
parameters of self-compacting concrete were measured at the time after mixing and at every 30 minutes of
storage. Self-compacting concrete parameters survey time was done within 120 minutes after the concrete
mixture was mixed. Using the Multi-layer Perceptron (MLP) trained by the classical algorithm Levenberg -
Marquardt to build a predictive model based on the tested parameters. The performance results show that using
the single - hidden -layer MLP with 5 neurons on the hidden layer and 3 input parameters (ambient temperature,
concrete temperature, storage time) can predict 6 workability parameters of self-compacting concrete mixture:
SF, Ts00, Jring> Lvox»> Viunnel» R2g With high accuracy, the correlation coefficient is from 0.96 to 0.99.

Keywords: self-compacting concrete; nonlinear approximation; multi-layer perceptron; filling ability; passing
ability; segregation resistance.
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1. M6 dau

Bé tong ty 1én (BTTL) la loai bé tdng ¢6 do linh dong cao, tu chay dudi tac dung cta trong lugng
ban than dé 1ip diy cic géc canh van khuon ma khong cin dim rung. St dung BTTL tao dudc su
thuan 1¢i trong cong téc d6 bé tong céac két cAu BTCT cong trinh 16n, yéu cau chit lugng va my thuét
cao, dic biét nhiing két cdu c6 mat do cbt thép day dic [1].

D4m bdo tinh cong tdc ctia hdn hgp BTTL trudc khi d6 vao khudn c6 y nghia quan trong dén chit
lugng, cudng d6 ctia BTTL va chiu dnh hudng truc tiép ctia diéu kién khi hau. Su suy giam tinh cong
tac ctia hdn hop BTTL theo thdi gian din dén kho khin cho cong tic d6 bé tong, lam ting do rong
va giam cudng do nén ciia BTTL [2]. Viét Nam nam trong khu vuc nhiét d6i gié mua, nhin chung
diéu kién khi hau c6 tac dong t6t cho qua trinh déng ran va phat trién cudng do ctia BTTL. Tuy nhién,
trong nim c6 nhiéu chu ky thdi tiét bt 1gi nhu ning néng va kho hanh, su bién thién va chénh léch
nhiét do, dd 4m cao giita ngay va dém lam anh hudng bat 10i dén tinh cong tac ctia hdn hgp BTTL [3].

Mot trong cic yéu td quan trong nham dam bao tinh cong tic clia hdn hop bé tong tu lén 1a can
phéi du bao chinh xdc dugc mic do suy giam cac thong sb tinh cong tic theo cic yéu td cong nghé
thi cong. Hién nay c6 nhiéu phuong phdp dugc st dung trong bai toan du bdo nhu phucng phap hoi
quy, phuong phap chudi thdi gian, hé thdng chuyén gia, mdy véc to hd trg, logic md. ... Tuy nhién,
cic phuong phap nay thuong khong cho két qué véi do chinh xéc di 16n, hoi tu cham va c6 thé phan
ky trong mdt s6 trudng hop [4]. Trong nhiing nim gan day, trong linh vuc cong nghé néi chung va
cong nghé xdy dung néi ri€éng, mang no non nhéan tao (ANN — Artificial Neural Networks) da dugc
nghién ctiu dng dung d€ mo hinh héa cic quan hé phi tuyén gitta cic thong sb ctia dbi tugng [5, 6]
ciing nhu d€ mo hinh héa céc ing xi cia vat liéu. Theo [4] wu thé khi st dung ANN 1a c6 thé giai
quyét bai todn khong c6 mo hinh todn hoc cu thé ctia ddi tugng can du bdo; dbi tuong can du bdo 12
mot ham phu thude nhiéu yéu t6 hoic ham du bao phiic tap, c6 quan hé phi tuyén véi cic yéu td phu
thudc. Mot s6 nghién ciiu ting dung mang no ron nhan tao trong bai toan du bdo tinh cong tic hon
hop BTTL c6 thé ké dén nhu sau: Nehdi [7] cho thdy c6 thé st dung phucng phap ANN dé du bio
chinh x4c do chdy lan, kh4 ning tu 1én, su phin ting va cudng do ctia BTTL theo thanh phan vat liéu
véi sai s6 tuyét dbi trung binh 1an lugt 4, 5,7 va 7%. Nghién ctiu da cho thiy ring phucng phap ANN
nhu mdt md hinh mdi dudc st dung dé danh gid tinh luu bién va dic tinh co hoc clia bé tong tu 1en,
mo hinh da thé hién tot sy anh hudng clia cac thanh phan vat liéu dén céc dic tinh cta bé tong tu lén
va c6 thé st dung hiéu qua mo hinh nay trong san xuét ché tao hdén hgp BTTL nham han ché s6 lugng
tht nghiém; Tao Ji, va cs. [8] da sit dung ANN vdi cic thong sd dau vao (ty 1& N/X, do day 16p vita,
ty 1& chit két dinh/tro bay, thé tich c6t liéu min) d€ xay dung mo hinh du bdo do sut va cudng do ctia
bé tong. Phuong phdp thiét ké hdn hop bé tong dua trén lugng vita it nhit da dugc tic gid dé xuit cho
thiy giam dugc sb lugng thir nghiém, tiét kiém dudc chi phi, nhan cong va thdi gian. Bé tong dudc
thiét ké theo thuat todn dé xuit c6 ham lugng xi ming va nudc thip hon, do bén 1au cao; Yeh [9] dung
mo hinh mang no ron nhan tao (ANN) dé mo t4 su anh hudng ctia cac thanh phan vat liéu dén do chay
lan ctia hén hgp BTTL. Trong mdt nghién citu khac Yeh sit dung ANN va mo hinh phucng phap hoi
quy dé xay dung mo hinh du bao dd chdy lan ctia hdn hop bé tong HPC. Nghién cifu cho thiy mé hinh
ANN c6 dd chinh x4c hon nhiéu so v6i phuong phap hdi quy [10].

Két qua dau ra ctia ANN ctia cdc nghién ctiu dua ra du bao thong s6 ctia tinh cong tac hon hop bé
tong vGi do chinh xac cao. Tuy nhién, cdc nghién cttu néu trén chua lam ré duge mic do anh hudng
ctia diéu kién khi hau, céc thong sd du bio chua bao quat dugc tdng thé vé tinh cong tic ctia hén hop
BTTL va dén nay, chua c6 bat ky nghién ctiu nao st dung ANN lién quan dén tinh cong tic ctia hon
hop va cudng d6 BTTL trong diéu kién khi hau Viét Nam. Do dé, viéc nghién cifu va phat trién mot
mo hinh du bo céc thong sb tinh cong tic ctia hdn hop BTTL va ap dung mo hinh nay trong thiét ké,
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dé xuAt bién phép thi cong van chuyén hon hop BTTL 1a rit can thiét.

2. Co s6 khoa hoc vé du bio tinh cong tic hén hop bé tong tu len
2.1. Cdc thong so tinh cong tdc hon hop bé tong tu lén

Tinh cong tac ctia hon hgp BTTL dudc dic Kha ning chéng phén
trung béi cac thong sd ky thuat co ban: kha ning tng
lap day (filling ability), khd ning chdy xuyén
(vugt) qua (passing ability), va kha ning chbng
phén tang (segregation resistance) (Hinh 1) [11].

Tinh cong
tac hon hop

- Kha niing 14p day 1a kha ning hén hop bé Kha nang BTTL Kha ning chay
tong c6 thé tu chdy va lam day van khudn do trong lap day Xuyen qua

lugng cla no.

- Khé ndng vugt qua 1a kha ning hon hop bé
tong c6 thé chdy qua cac khe hep ma khong bi tic
hoic phan tang. Pic tinh nay lién quan dén dong chdy ctia cbt liéu qua khodng hé giiia cic thanh thép
hoic cac khu vuc chat hep trong van khudn hoic khi tiét dién dudng dng bom bi giam.

- Kha niing chong phan tang kha ning ctia hén hop BTTL chéng lai su phan tach clia cdc vat liéu
thanh phan d€ ddm bao tinh dong nhét ctia hdn hop bé tong.

Cic thong sb tinh cong tic cia BTTL dudc xic dinh theo huéng dén cia tiéu chuidn EN 12350
[12], trong d6 6 thong sb cua tinh cong tidc dudc nghién cifu gdm do chiy lan SF (Slump Flow),
dd nhét (Ts00, Viunnel), kha nidng vugt qua (Lpox, Jring) va d6 phan tﬁng SR (Segregation Resistance).
Theo huéng dan Chau Au [13] gdm c6 3 loai hén hgp BTTL theo phan loai do chay lan, loai SF1:
550-650 mm, SF2: 660-750 mm, SF3: 760-850 mm. Gidi han cho phép theo diéu kién thi cong clia
céc thong sb tinh cong tic clia cic loai BTTL nay 1a: SF (650-800 mm), Tso9 (2-5 s), Viunnel (8-12's),
Lbox (0,8-1), Jiing (0-10 mm), SR (5-15%).

Hinh 1. So d céc thong s co ban tinh cong tic
ctia hon hop bé tong tu 1én

2.2. Anh hudng ciia yéu to cong nghé, khi hdu dén tinh cong tdc hon hop bé tong tu len
a. Anh hudng ctia nhiét do ban dau hdn hgp bé tong

Nhiét d6 ban dau ctia hén hop bé tong phu thudc vao nhiét do ban dau ctia vat liéu thanh phan va
cdc yéu td khac nhu nhiét thiiy héa, nhiét ma sat khi tron va c6 dnh hudng dang ké dén tinh cong tic
ban dau ctia hén hop bé tong. Anh hudng ciia nhiét d6 ban dau dudc nghién ciiu bdi Erkmen [14], hén
hgp bé tong trong phong thi nghiém vGi nhiét do bé tong 25 °C cho dd chay lan 61 cm; khi nhiét do
bé tong 7 °C, do chdy lan giam xubng 52,5 cm; dic biét khi nhiét do bé tdng cao khoang 32 °C, do
chay lan tang 1én 67,5 cm.
b. Anh hudng ctia thdi gian van chuyén va luu giit

Tinh cong tac ctia hdn hgp BTTL gidm theo thoi gian van chuyén va luu giti. Trong diéu kién
phong thi nghiém & nhiét do tir 28 dén 30 °C, do chdy ctia hdn hop bi suy giam sau 120 phit 14
khoang 40 mm dén 90 mm. Tc do suy giam phu thudc nhiéu vao lugng xi ming, xi ming cang nhiéu
tdc do suy gidm cang nhanh [15]. Toc do va gid tri suy gidm tinh cong tic ctia hdn hop BTTL phu
thudc chi yéu vao thdi gian luu giit hdn hdp, va bi anh hudng bdi céc yéu td nhu cip phdi va diéu kién
khi hau. Ban chét su suy gidm tinh cong tdc hdn hop BTTL theo thoi gian luu giit 12 qua trinh trao ddi
chét giita hdn hop bé tong v6i moi trudng xung quanh va ban than su dong két ctia hd xi ming [16].
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Theo khao sét tinh cong tic hdn hop BTTL cda Vipulanandan [17] cho thiy hén hgp bé tong
(thanh phan gdm xi ming, d4, cat, nudc, phu gia siéu déo, ty 1& N/X = 0,35) c6 do chdy lan vuot gia
tri cho phép sau 90 phut, gid tri T200 vugt gia tri cho phép sau khoang mét gid, Vfunnel vugt gia tri
cho phép sau 15 phit.

c. Anh hudng ctia diéu kién khi hau

Nhiét d6 va do 4m clia moi truong 1a hai yéu t6 anh hudng 16n dén tinh cong tic ctia hon hop
BTTL. O nhiét do thap, tinh cong tic ctia bé tong tu Ién suy giam nhanh. Theo nghién citu ctia H.J.
Chen va cs. [18], trong diéu kién tinh, diéu kién nhiét do thip (<= 15 °C), tinh cong tic ctia hdn hop
bé tong bi suy giam nghiém trong sau 30 phuit, do phu gia siéu déo phan tan kém, khong phat huy tac
dung kéo dai tinh cong tac. Mit khac, nhiét do cao cling 1am suy gidm nhanh tinh cdng tdc ctia hon
hop BTTL do toc do dong két dugc ddy 1én cao, dic biét & nhiét do trén 60 °C. Tong két CDOT [19]
khang dinh ring, hdn hgp BTTL gidm tinh cong tic rit nhanh & nhiét do trén 24 hoic 28 °C,  nhiét
do nay do chdy lan ban dau van chuyén bé tong dén cong trudng khoang 62,5 cm, nhung khi dd bé
tong xong do chay lan chi dat 42,5 cm.

2.3. Ung dung mang no ron nhdn tao MLP du bdo tinh céng tdc hbn hop bé tong tu lén

Mang no ron nhan tao 12 mot bd vi xi Iy song song phan bd c¢6 kha ning luu trif thong tin va tai
st dung cac thong tin dudc luu trit d6. Mang mé6 phdng hoat dong ctia nao bo con ngudi trong 2 linh
vuc: kién thiic dudc mang thu thip trong mot qud trinh hoc; va céc két ndi gitta nhitng no ron chiia
céc trong s6 va céc trong s6 nay dudc st dung dé luu trit kién thic thu thap dugc trong qud trinh hoc
[20].

Mang no ron MLP (MultiLayer Perceptron) la
cAu tric truyén thang véi nhiéu 16p xép tang [21].
Mang c6 1 16p dau vao, 1 16p dau ra va 1 16p 4n
1 ing dung phd bién nhit. Trong Hinh 2 1a 1 vi
du ctia mang MLP véi chi 1 16p 4n dudc trinh bay.
Mang nay dugc stt dung 1 cach rdng rai trong bai
toan xi 1y 4nh xa phi tuyén [21]. Khi 1 cu tric vé6i
1 s6 lugng no ron an cho trude dudc huin luyén
dé khép 1 bdo mau sb liéu hoc, trong sd két ndi
no ron dugc diéu chinh. Néu ta ky hiéu bd miu
s6 liéu gém p cap dau vao — dau ra {x;,d;} véi
i=1,..p:x; € RV, d; € R¥ thi cic thong s6 ) i
MLP dugce didu chinh d& ham 18i ¢6 gié tri nhd Hinh 2. Mot vi dy vé mang MLP m6t 16p an
nhét:

P
E=1 D IMLP (x;) - di|f* — min (1)

245
Thuat toan Levenberg - Marquardt kinh dién dudc sit dung d€ huin luyén mang MLPs [21, 22].
S6 lugng no ron an dudc chon theo phucng phap thuc nghiém. Bat dau tif mang chi ¢6 1 no ron n va
tao ra 50 mang ngau nhién véi sb lugng no ron an dé. Tat ci cdc mang dugc huin luyén véi cac bo sb
liéu d€ chon ra mang c6 sai s6 thip nhét. Néu sai s6 thip nhat van cao, s6 lugng no ron an lai dudc
ting thém 1. D€ tranh hiéu dng hoc qua khép [21], ta chon mang c6 s6 lugng no ron 4n thip nhit c6
thé (ttic 12 mang don gian nhit ¢6 thé), ma van dam bao dudgc sai sb hoc va sai s6 ki€ém tra nhé (trong
bai bao nay cdc mo hinh dudc lua chon sao cho sai s6 tuong ddi trung binh ctia cac thong sb khong
qué 5%). Qua trinh huén luyén st dung phan mém Matlab cung véi thu vién Neural Network Toolbox.
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3. Xay dung m6 hinh mang né ron nhan tao (ANN)
3.1. Vit liéu thi nghiém

Thiét ké thanh phan cip ph6i BTTL dudgc thuc hién theo phuong phap thiét ké dudc dé xuat bsi
Hiép hoi Bé tong Nhat ban (JSCE) va lién doan bé tong Chau Au (EFNARC). Cip phdi dé phuc vu
nghién cttu thyc nghiém danh gid sy suy gidm tinh cong tdc ctia hon hop BTTL duéi su dnh hudng
clia cdc yéu t6 cong nghé va khi hau, tac gia Iva chon 3 cip phdi cu thé & Bang 1.

Vit liéu st dung cho bé tong: xi ming But Son PC40; cat vang modul 2,76; d4 dim nghién gbc
granit D, = 10 mm, khéi lugng riéng 2,67 g/ cm’ ; tro bay nhiét dién Pha Lai, loai F theo ti€u chuin
ASTM C618; phu gia siéu déo thé hé méi VMA CuLminal MHPC400.

Bang 1. Cip phdi hén hop BTTL dung cho thi nghiém dénh gia tinh cong tic

Ky hiéu ] L({ai (mm) @ (MPa) XMPC40 Trobay Cat Da(0,5x1) Situdéo VMA Nude
do chay lan B (kg) (kg) (kg) (kg) (kg) kg) (kg

Ml % % 4449 147,4 808 770 5,92 0,2 185,9
M2 % % 409,3 140 808 770 5,49 0,19 197
M3 %:; % 328.,8 236,4 808 770 5,65 0,20 189

3.2. Diéu kién thi nghiém

Thi nghiém dudgc thuc hién trong diéu kién tu nhién tai khu vuc Ha Noi. Bon diéu kién thoi thiét
(PK1, DK2, PK3, PK4) dudc chon huéng dén su phit hgp tuong ddi véi cic viing thdi tiét dic trung
ctia khi hau néng 4m Viét Nam, bao gdm cac mua khi hau khac nhau, cic thong s6 thdi tiét mdi trudng
thi nghiém trong ngay, tif 6h dén 18h thé hién & Bang 2.

Béng 2. Thong sb thdi tiét moi trudng thi nghiém

Ky hiéu Tinh chit dic trung  Nhiét d6 khong khi (°C) D6 4m tuong dbi khong khi (%)  Toc do gié (m/gidy)
PK1 Am u6t, ndm 15 + 30 70 + 95 1+2
bK2 Kho hanh 18 = 30 40 = 65 1+25
bK3 Noéng 4m 28 =35 65 + 85 1+25
DbK4 Ning néng 28 + 40 40 = 65 1+25

3.3. Két qud thi nghiém do cdc thong so ciia bé tong tu len

Dé ddnh gia su 4nh hudng clia suy giam tinh cong tic ctia BTTL dén cudng do nén clia bé tong,
cdc mau bé tong dudc diic sau 30 phuit luu giif, sau d6 dudc bio dudng trong diéu kién tiéu chuin va
dugc nén & do tudi 28 ngay. PE danh gia cic thong s6 tinh cong tac ciia hdn hgp BTTL gidm theo thai
gian luu giit, ching tdi st dung mdy tron roi tu do ¢ gan bién tan dé thuc hién. Hon hdp sau khi tron
xong (¢ = 0) ching t6i tién hanh do cic thong s6 ban dau. Sau d6 hdn hop dudce quay véi toe do chim
(m6 hinh xe bon), tién hanh 1iy mau do kiém tra cdc thong sé sau 30 phiit. Diéu kién thi nghiém véi
nhiét do bién thién 11 °C dén 43 °C , d6 4m thay ddi tit 30-85%, Hon hop bé tong dudc quay trong
mdy tron kin tdc do cham nham han ché thip nhit anh hudng cta yéu t6 do 4m khong khi. Trong
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khuodn khé bai bdo nay, chiing toi sé thuc hién cic thuc nghiém, tinh todn véi mau s liéu dugc thuc
hién cho cip ph6i M1. Céc thong sb da dudc do thuc nghiém véi cac diéu kién dau vao khac nhau vé
nhiét d6 moéi trudng (Teny), nhiét do bé thong (Tscc) va dd am (RH%). Tong cong c6 35 nhém t6 hop
céc diéu kién dau vao, mdi nhém t6 hop dudce thuc hién lip lai 6 1an d€ c6 210 mau s lidu. DE xay
dung cic mo hinh mang nd-ron, 175 s6 liéu dudc chon ngiu nhién (mdi t& hop dau vao sé lua chon
ngau nhién 5 trong s6 6 mau) dé 1am bo s6 liéu hoc, 35 mau con lai dudc dung d€ 1am bo s6 lidu kiém
tra. Vi du vé s6 liéu do cac thong sd dudc thé hién & Bang 3.

Bang 3. Vi du vé s6 lidu clia cac thong s6 BTTL

biéu kién mau . Thoi gian do (minutes)
Thong so

Teny Tscc RH% 0 30 60 90 120
23,4 °C 25,6 °C 81% SF (mm) 650 680 670 640 635
Tsoo (s) 3,1 3,66 3,7 4,72 4,73
Viunel (S) 11,72 10,78 11,0 12,00 13,0
Lbox 0,89 0,90 0,87 0,86 0,85

Jing (mm) 9,0 7,0 9,1 10 11
R (MPa) 58,6 57,1 53,2 52,1 46,4

31°C 31,3°C 75% SF (mm) 645 650 650 640 580
Tsoo (s) 3,68 3,45 3,9 5,2 6,9
Vtunel (8) 11,4 10,5 11,2 13,3 19,4
Lbox 0,94 0,93 0,9 0,89 0,86

Jiing (mm) 8,0 6,0 8,0 12 16

Rog (MPa) 61,0 62,3 60,0 53,0 46,0
43,1 °C 40,5 °C 43% SF (mm) 650 640 570 470 400

Ts00 (S) 34 2,75 4.8 6,7 7,4
Viunel (8) 9,2 11,9 17,1 34,2 40,3
Lbox 0,88 0,87 0,67 0,5 0,3
Jring (mm) 7 9,7 13 15 20

Rog (MPa) 58,0 63,0 55,0 47,0 40

3.4. Thiét lgp cdc théng sé mé hinh mang no ron nhdn tao (ANN)

Nhu két qua do & Bang 3 cho thiy, cic thong s6 ctia BTTL phu thudc phi tuyén v6i nhiét do bé
tong, nhiét do moi trudng va thdi gian luu git [23, 24]. Mot mo hinh todn hoc dé€ du dodn céc thong
s6 tif cdc diéu kién dau vao 12 hét siic can thiét vi nhd ¢ kha ning khdi quat cia mo hinh, ta c6 thé
tinh todn dudc cac thong s6 tir didu kién dau vao ma chua c6 trong bang mau [7]. Bai viét nay dé xuit
st dung phuong phap MLP c¢8 dién dé xt ly bai todn x4p xi tu dong cac ham phi tuyén.

V6i 6 thong s6, mdi thong sd dudc tao moét mang MLP. Mang MLP dugc huén luyén véi cdc thong
s6: s6 mang 12 6, 3 sb liéu dau vao (X1 - nhiét d6 moi trudng, X2 - nhiét do bé tong, X3 - thoi gian
luu giff), 1 dau ra (mot trong 6 thong s6), mot 16p 4n va 5 no ron 4n trén mdi 16p. S6 luong mau dit
liéu: téng sb dif liéu da nghién cdu 12 6 x 35 = 210 mAu, 175 miu huin luyén va 35 miu kiém tra. Céc
thong s6 ctia md hinh dugc thé hién & Hinh 3.
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CAC THONG SO PAU VAO

X1 (Nhiét 6 thudng

X2 (Nhiét dd bé tong)

X3 (Thai gian luu irir)

N

CAC THONG SO DAU RA

SF hodc
(T500)
(Jring)
(Lbox)
(Vfunnel)
(R28)

Hinh 3. M6 hinh MLP-ANN du béo cac thong sb tinh cong tic va cudng do Rog ctia BTTL

theo cdc yéu t6 nhiét do va thdi gian

Panh gid do chinh xdc ctia mo6 hinh mang no ron nhan tao thong qua: hé s6 trung binh clia sai
s6 tuyét d6i (MAE — Mean Absolute Error), trung binh ciia sai sé tuong d6i (MRE — Mean Relative
Error), sai s6 tuyét ddi 16n nhat (Max AE — Max Absolute Error), hé s tuong quan (correlation
coefficient) gifta dau ra va gid tri dich thuc té. Tap s6 liéu hoc cho mang gdm 175 mau, tap s6 liéu

ki€m tra gdm 35 mau.

3.5. Két qud xdy dung mo hinh mang no ron nhdn tao (ANN)

Cic két qua kiém tra dat dudc cho tliing tham sb dudc liét ké dudi day. Trong Hinh 4 dén 6 1a vi
du cdc két qué tuong ting cho cac tham s SF, Ts00, V_funels L-box» J—ring V& Ros.

Xap xi théng sb SF

X4p xi théng sé Tooo

800

——

750 9

650 7
600 6f
550 5
500 1 ab
450 1 3f
ao0f 1 2k
30| e 1 1t
d."»?
200 . . . ‘ ‘ o .
0 5 10 15 20 25 30 3% 0 5

S6 thir tw mau kiém tra

Hinh 4. Két qué du bao SF va Tsgg

10

15 20 25 30 35
S6 thir tw mau kiém tra

Nhu chiing ta c6 thé thiy & cac Hinh 4-6, md hinh MLP c¢6 thé du bdo kha chinh xé4c céc thong
s6 ctia BTTL véi su khdc biét nhé gitta dudng d mong mudn (dudng nau vang) va mang y du dodn

(dudng xanh nhat).
Hiéu suit cia mang dudc ddnh gid thong clia cic chi sb:
- Trung binh cta sai s6 tuyét d6i MAE (Mean Absolute Error):

1 p
MAE = — Z IMLP(x;) — di| — min
p i=1
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X4p xi théng sé Viunnel X4p xi théng sé Liox
45 T T 15 T T
Yitunral
40 -
351
1k
30
25
201
051
151
10F
5 . . . . L 0 . . . .
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
S6 thir tw mau kiém tra S6 thir tw mau kiém tra
A 2 . N 5
Hinh 5. Két qua du bao Viynpel va Lyox cia M2
X4&p xi théng sé iing X4p xi théng sb Ry,
30 T T T T 70 T T T T
Y rieq
Ying 651
25
60
20
55
15 50
45
10
40
5
35 | ——Yer
7dSR
o . . . . . 30 ’ . . .
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
S6 thir tw mau kiém tra S6 thir tw mau kiém tra

Hinh 6. Két qua dy bdo Jing va Rog clia M2

- Trung binh cta sai s6 tuong d6i MRE (Mean Relative Error):
1 <A |MLP(x;) — d;
MRE = —Z‘L‘-IOO% 3)
P di

- Sai s6 tuyét dbi 16n nhat Max AE (Max Absolute Error):

Max AE = max |MLP(x;) — dj| )

i=1,...,
- Hé s6 tuong quan gitta dau ra ctia mang MLP va gid tri dich can dat:
P _ -
¥ i =9 (di - d)
r=——2 (5)
2
i =974| 2 (di-d)

s
o

1

1
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1 1
trong do: y; = MLP(X;),y = — Zyi andd = — Z d;.
. p i=1 p i=1
Gia tri cua cac chi so dugc thé hién 6 Bang 4.

Bang 4. Sai s6 ctia m6 hinh du bdo

Théng sb MAE MRE (%) Max AE Heé sb tuong quan
SF 4,10 0,67 16,64 0,99
Ts00 0,14 3,27 0,68 0,99
Viunel 0,37 3,24 1,66 0,99
Lbox 0,012 1,69 0,042 0,99
Tring 0,39 4,15 1,81 0,98
Rog 1,10 2,03 3,88 0,96

Viéc kiém tra m6 hinh dugc thuc hién véi 35 dit liéu cho mbi thong s6 cia BTTL. Két qui Bang 4
cho thAy MAE, MRE (%) and Max AE c6 gi4 tri thip va hé s tuong quan tiém cén 1. Piéu nay chiing
td mo hinh MLP véi mot 16p 4n cho hiéu suit hoat dong t6t. Do d6 phit hop dé st dung xac dinh céc
thong s6 cia BTTL. Diéu nay tuong dong véi cac nhan dinh & cac nghién ctu [25, 26]. Mit khiac dé
tranh hién tuong qua khdp khi sit dung cidc mang no ron dé du bao thi mang ANN don gian nhét dudc
st dung d& huin luyén mang. Phuong phép niy cling cdc yéu td khac nhu ditng sém, diéu tiét mang,

. rat phé bién [21, 25] va dudc chon lua do s6 lugng mau thi nghiém khong dudc nhiéu. Két qua
nghién cifu cho thiy vdi sb lugng tir 1 dén 4 no ron 4n khong thuc hién dudc tét nhiém vu huin luyén
(sai s6 kiém tra cao hon miic chip nhan dudc) va mang nd ron v6i 5 nd ron 4n bat diu hoc tét, ching
t6i da chon mang no ron vdi 5 16p an nay d€ nghién ctiu. S6 no ron dn cao khong gitip cho két qua
nghién ciu dugc chinh xac hon nhung dé tao ra hiéu ting qua &n khdp (over fit).

Chiing toi ciing so sanh véi phuong phéap [27], phuong phép st dung mang no ron truyén thing
phan hoi (ANN Feed-Forward Back Propagation) gdm 2 16p 4n vé6i 6 no ron & 16p thii 1 va 7 nd ron &
16p thit 2 d€ du doan do sut bé tong c6 hé s6 chinh xdc R? = 0,99848. Két qua tit phuong phép ding 1
16p 4n véi 5 no ron clia ching tdi c6 do chinh x4c gin bang phuong phap néi trén, trong khi mang sit
dung 2 16p 4n phiic tap hon nhiéu so v6i mang st dung 1 16p an.

Nhu vy, m6 hinh mang MLP-ANN dugc xdy dung, tap huin va chay xit 1y, cho két qua du bdo
5 thong sb ky thuat quan trong (SF, Ts00, Viunnels Lboxs Jiing) cla tinh cong tdc va cuong do Ryg cia
BTTL tir dit liéu dau vao: cic yéu t6 cong nghé thi cong (nhiét do hdn hop, thsi gian luu giti/van
chuyén vita) va yéu t6 khi hau moi trudng (nhiét d6 moi trudng) véi do chinh xdc cao. Két qua du
bdo dugc ap dung dé thiét ké bién phap van chuyén hdn hop BTTL trong diéu kién thi cong, khi hau
cu thé dam bio chét luong, tinh cong tic yéu ciu ctia hdn hop trude khi d6 bé tong va ddm bao chit
lugng (cudng do, dd bén 1au) ctia két cAu cong trinh.

4. Két luan

Mang nd ron nhan tao ANN-MLP dugc huin luyén béi thuat toan c¢d dién Levenberg - Marquardt
v6i 1 16p 4n, 5 no ron va 3 thong sb dau vao (nhiét dd moi trudng, nhiét do bé tong, thdi gian luu
gitt) ¢4 thé dy bdo 6 thong sd tinh cong tac clia hdn hgp BTTL: SF, Ts00. Jring, Lboxs Viunnel, Rog v6i do
chinh x4c cao, hé s6 tuong quan tir 0,96 dén 0,99.
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Ung dung két qua ctia mang m hinh mang no ron nhan tao (ANN) s& gitip cho céc tram tron udc

luong dudc chinh xic cac thong s tinh cong tac ctia BTTL trong ting diéu kién thai tiét thi cong cu
thé. Tir d6, d& xuét dudc bién phap thi cong van chuyén hén hop bé tong hop ly nham dam bao tinh
cong tac va chét lugng hon hop BTTL trude khi d bé tong két ciu.
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