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TOM TAT

Vigc phan tich, danh gia va du doén céc Gng xi nén cia bé tang bing phirong phap gidi tich, ma phang sd [a mat trong nhimg diéu cén thigt
v quan trong trong viéc gidm thiéu nén thue nghiém Ién bé tong, gidm chi phi thi nghiém va lugng bé tang thai ra mai trudng. Tir céc nghign
ciru cha nhiéu tac gid qua cac ndm da dé xudt cac ma hinh ing xir nhir Hognestad, CEB-FIP, Wee & Mansur, Almusallam...Tuy nhién. céc ma
hinh tng xir theo phuong phap gidi tich trén cho dwang cong tng xir quan hé (ng sudt - bién dang chua thyc sy bam sat duang tng xir thye
nghiém. Bai bao dé xuét st dung mang no-ron nhan tao (ANN) dé du doén cueng do chiu nén cia bé tong tir cac thanh phan cép phdi khac
nhau thang qua ba dir lizu nén mau thyc nghiém. Gid tri cuang da ghi nhan sau qué trinh x&p xi sé lam thang s6 du vao cho ham muc tigu
LIT drgc bai bao dé xuat. Gidi thuat tién haa di truyén (5A) duge ing dung dé tim kigm céc he sd tdi vu nhdm tdi vu hda ham ang xir LIT, dé
dura ra ma hinh itng xtr cudi cung. Nhdm dam bao duang cong di doén sau qua trinh t6i wu |a tin cy, bai bao tign hanh ddi chigu ket qué du
doan vai 3 td mAu thi nghigm cho ra quan hé ing sudt va bién dang. Tir ket qué ghi nhén, duang cong ing xir sau tdi vu dd bam sat duing
irng x(r thir nghiém vai sai sd thap. Tir da, ham tng xir duge dé xudt dat da tin cay can.

Tir khéa: Thi nghiém nén mau bé tong, ma hinh tng xir, giai thuat di truyén, mang no-ron nhén tao, tdi vu hda ma hinh dng xa.

ABSTRACT

Analysis, evaluation and prediction of compression behavior of concrete by analytial methods, numberial simulation is one of the essential
and important things in minimizing experimental compression on concrete, reducing testing costs and the amount of concrete discharged
into the environment. From the researches of many authors over the years have suggested behavioral models such as Hognestad, CEB-FIP,
Wee & Mansur, Almusallam...However, above for the behavior curve of stress - strain relationship has not really followed the experimental
behavior line. The study proposes to use artificial neural network (ANN) to predict compressive strength of concrete from different
aggregate components through data set of 99 experimental compression samples. The compressives value recorded after the
approximation process will be the input parameter for the proposed LIT target
function. The genetic evolution algorithm (GA) is applied to find the optimal coefficients to optimize the LIT behavior function, to provide the
final proposed behavioral model. In order to ensure that the prediction curve is reliable after the optimal process, the study compares the
prediction results with 3 experimental sample groups to stress and strain relationships. From the recorded results, the postoptimal
behavioral curve closely followed the test behavior curve with low error. From there, the proposed behavior function is highly reliable.
Keywords: Uniaxial compression, behaviour model. genetic algorithms, artificial neural network, behaviour model optimization,
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1. Giéi thiéu

Hién nay, véi su phat trién manh mé cla ha tdng d6 thi cac dan
cu, trung tam thuong mai...Vat liéu xay dung chd yéu cho céc cong
trinh 13 bé tong va bé tong c6t thép. DE danh gia chat lugng bé tédng
st dung, moi xe cung cdp bé tong déu phai dugc ldy mau thuc
nghiém. Do d6, lugng mau bé téng can phai dugc thi nghiém rat
nhiéu, dan dén tién do, chi phi va lugng bé tong thaira lam 6 nhiém,
mat my quan dé thi la rat 16n.

Vi thoi dai ky thuat s6 4.0, tri tué nhan tao dugc biét dén nhu
mot cdng cu manh mé nham gidi quyét cac bai toan véi khoi lugng
1&n, véi tinh nhanh chéng, chinh xac va dy doan cao.

Tu thuc t& d6, bai bdo ting dung mang no-ron nhan tao (ANNs) dé
du doan gia tri cudng dé chiu nén clia bé téng vdi gia tri dau vao la cac
thanh phan cap phéi tir 55 bd mau thi nghiém thuc nghiém [1].

Qua tinh toan giai tich cac mé hinh Ung x theo nhiéu tac gia dé
xuat nhu Hognestad, CEB-FIP, Wee & Mansur, Almusallam &
Alsayed...nhan thdy c6 sy sai léch I6n vé dudng cong tng xU thu
dugc so vai két qua ti thi nghiém thuc nghiém. Bai bao tién hanh
dé xuat mé hinh g xt LIT két hgp véi gidi thuat tién héa di truyén
(GA) nham dua ra du doan vé dudng cong quan hé (ing suit va bién
dang. Véi gié tri dau vao clia ham muc tiéu la cudng dé chiu nén da
dugc mang ANN x4p xi, bai bao da dua ra du doan vé maéi quan hé
Ung suat-bién dang phu hgp véi bé téng c6 cap cudng d6 thudng (
<50 MPa ). Két qua du doan dugc kiém ching véi 3 bé mau thi
nghiém DCO1, DCO2 tai [2] va TRO3 tai [3]. Tu két qua ghi nhan,
dudng cong Ung xU sau t6i uu da bam sat dudng Ung xt thuc
nghiém vdéi sai s6 thap. Vi vay, ham Ung xr dugc dé xuat dat doé tin
cay cao.

2. Xay dung ham muc tiéu ting xu

Cac mé hinh tng xf theo Hognestad, CEB - FIP, Wee & Mansur
va Almusallam & Alsayed vdi gia tri dau vao la cudng dé chiu nén c6
thé xay dung nén dudng cong Ung x{ va cac théng s6 dau ra nhu
bién dang I6n nhat va moé dun dan héi. Bai bao thuc hién tinh toan
giai tich cdc mé hinh Ung xt trén, danh gia cac gia tri dau ra, dang
dudng cong ting xt. Nhan thdy c6 su sai léch tuong d6i I6n tir cac
ham giai tich cho trudc, vi vay ham tng x{r LIT dé xuat dugc phat
trién tit phuong trinh clia Wee & Mansur va két hgp véi gii thuat
tién hoa di truyén (GA), nham téi uu hoa két qua dau ra.

Gid tri cudng d6 chiu nén cda 2 t8 mau DCO1, DCO2 dugc ghi
nhan lam théng s6 dau vao tinh toén [2].

Tinh todn gidi tich ing xir theo Hognestad [4]
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Hinh 3. Quan hé ¢ng xir_DCO2 thyc nghigm & Hognestad
Tinh todn gidi tich trng xir theo CEB-FIP [5]
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Bdng 2. Bién dang I6n nhdt va mé dun dan hoi theo CEB-FIP " Mau DCO1
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Bdng 4. Bién dang I6n nhét va mé dun dan héi theo Almusallam
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Hinh 12. Quan hé tng xir DCOZ thyc nghigm & Almusallam
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Hinh 14. Quan he tng xir_DCOZ thyc nghiém & gidi tich

Nhan thay, mé hinh (ing xr theo Almusallam & Alsayed cho két
qua tinh todn giai tich véi thong s6 bién dang I6n nhat gan vai két
qua thuc nghiém. Véi sai s6 mau DCO1 va DCO2 tuong tng la 0,022
va 0,039.

Dua vao dudng cong quan hé tng xt hinh 13 va 14, nhin chung
cac mo hinh tng xr tinh toan giai tich cho dang dudng cong gidng
vai dudng cong Ung xU thuc nghiém & 1/3 giai doan dau. Mé hinh
Uing xtr theo Hognestad va CEB-FIP cho dang biéu d6 sau dinh bién
dang cé dang gay khuc va sai léch 16n. Phuong trinh Ung xUf theo
Wee & Mansur cho dang biéu d6 trudc va sau dinh bién dang kha
tuong déng vai két qua thuc nghiém.

M6 hinh iing xir LIT dé xudt

Bai bao dé xudt mo hinh ting xur LIT, két hgp gitra phuang trinh
ung xi theo Wee & Mansur va ham bién dang I6n nhat tu
Almusallam & Alsayed. Phuong trinh va céc diéu kién rang budc c6
dang:
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ISSN 2734-9888 | 04.2021

109



110

NGHIEN COU KHDA HOC

5106, f"

co

Ot i =

5()]( 1(’02/3

_ 50](1 2/3

51(0,398 ", +18,174)

10&

ci

co co

[51(

0,398/, +18,174) 0398, +18.174

&
0 S O-LITJ:' S f'co

0<g,<g,

f' <50 MPa
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M6 hinh ing xU LIT c6 gia tri dudng cong thay déi vao ty sé gilra bién dang tuong Ung ¢ va bién dang Ién nhat ¢
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mo dun tiép tuyén va mé dun cét tuyén ctia dudng cong. Bai bao dé xuat dat cac bién va tim kiém thong s6 «, phu thudc vao ty s6 bién dang

va a, phu thudc vao ty s6 hé s6 nhanh nhu sau:
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3. Dudoan cuéng do chiu nén

Bai bao ghi nhan bé dir liéu nén mau thuc nghiém gém 55 mau
tu [1], tién hanh tng dung mang no-ron nhan tao ANN nham xay
dung méi quan hé giira cap phoi dau vao va cusng dé chiu nén lam
dau ra tr mang. Mé hinh mang dugc xay dung gém 4 1&p dau vao
tuong Ung véi 4 thanh phan cap phdi ctia bé téng va 1 16p dau ra
cla mang la gia tri cudng d6 chiu nén mong mudn.

Trong qué trinh hoc may, véi bé dit liéu 55 mau ghi nhan, bai
bdo dé xuat st dung 70% “Train” (39 mdu), 15% Validation (8 mdu),
15% Test (8 méu). Cac t6 mau dugc chon ngau nhién va khéng theo
thi tu.

Bai toan dugc xay dung vdi I6p an gid dinh gém 50 18p, 16p 4n sé
dugc thay d6i qua nhiéu 1an khéo sat dé tim ra diém hoi tu va gia tri
sai s6 t8i uu. Ldp an sé dugc huan luyén bang ham “tansig” va |6p
dau ra thuc hién bang ham “pureline”.

Két qua dugc danh gia dua trén gia tri héi quy R, do ludng méi quan
hé gilra dau ra thu dugc va gia tri mong muén.

Bo dir ligu
thue nghiém
(55 miu)

Piu vao (4 16p): Xi ming, nudc, da, cat
Piu ra (target): cuong do

Qué trinh hoc:
70?

Lép 4n (50 16p):
- Ham training: tansig

Piura (1 16p):
- Cuong do chiu nén
- Ham pureline

Panh gia sai b,
d6 hoi tu

Cuong do chiu nén du
doan ANN
Ham sim (net,input)

Luu @6 1. Du dodn cudng do chiu nén tirthanh phdn cdp phéi
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Hinh 17. Biéu dd sai s gitra thyc nghigm va ANN dur doan

Nhan thdy, qua trinh dao tao dugc két thic sau 124 lan 1ap véi
gia tri hiéu suat t&t nhat ghi nhan la 5,065.

Hinh 16, thé hién gia tri hoi quy R, 1a gia tri do ludng mébi quan
hé gilra dau ra va muc tiéu mong muén. Véi gia tri R=1 thé hién
dugc mébi quan hé chat ché vdi sai s6 thap, va R =0 thé hién méi
quan hé r&i rac vai sai s6 dau ra lon. Két qua sau qua trinh huan luyén
VGi R =0,98979 thé hién do tin cay déi véi dir liéu dau ra. Hinh 17,
biéu dién sai s6 gita cudng d6 dau ra clia di liéu thuc nghiém va
mang ANN du doan. Gia tri sai s6 ghi nhan tuong déi nho va ném
trong gidi han cho phép.

Két luan: Ti mang no-ron ANN dugc xay dung, ¢6 thé du doan
gia tri cudng do chiu nén clia bé téng vaéi 1 cap phdi bat ky, tir dau
vao la cac thanh phan cap phoi, mang no-ron nhan tao ANN sé tim
va xap xi phi tuyén dua trén méi quan hé da xay dung tu tap mau
dé cho ra cudng dd chiu nén. K&t qué ghi nhan thé hién tinh chinh
X4ac va Ung dung cao.

4. Dudoan dudng cong ting xir

Bai bao du doan dudng cong Ung xt 3 mau nén M1, M2, M3 véi
cudng dé khac nhau trong bd 55 mau nén, nham danh gia hinh
dang dudng cong gilta mé hinh ting x LIT da dé xuat két hgp giai
thuat di truyén GA va cdc mo hinh tinh toan giai tich khac.

DE kiém chiing két qué du doan la tin cay, bai béo tién hanh déi
chiéu két qua du doan vdi 3 t6 mau thi nghiém thuc nghiém dugc
ghi nhan gém DCO1, DCO2 tai [2] va TRO3 tai [3].

Bdng 5. Théng s6 t6i uu va gid tri ham thich nghi tim kiém

Thé!qg S u " fval fval
sO (MPa) k : best mean
Mau 1 17,576 0,635 | 0,794 0,012 1,719
Mau 2 30,571 0,604 | 0,698 0,206 4,121
Méu 3 44,092 0,562 | 0,595 0,193 6,536

Tu ham thich nghi (22), tién hanh khai tao quan thé véi 1500 lan
tim ki€m, sau qua trinh lai tao, dot bién...hé s6 t6i uu «, ; o, va gia
tri ham thich nghi dugc ghi nhan tai bang 5.
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Hinh 18. Quan he ang xir mau M2
gita LIT & GA va giai tich
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Hinh 20. Quan he ing xir mau M3 gitra LIT & GA va gidi tich

Qua qua trinh khao sat 3 mau bé téng cé cudng dd khac nhau
V@i su chénh léch tuang déi vé thanh phan cap phéi, nhan thay sau
qua trinh t6i uu Mo hinh Ung x& dé xuat LIT da cho dugc hinh dang
dudng cong phtu hgp véi dang dudng cong cla bé tong ¢ cap
cudng dé thudng qua cac mién Uing x0. DE xac thuc dé tin cay tu
ham Uing xU t6i uu da dé xuat, bai bao tién hanh dsi chiéu véi cac
mau th thuc nghiém cé gan thiét bi do quan hé (ing suat va bién
dang (LVDTs).

Thi nghiém nén mau thuc nghiém

Cac mau bé tong dugc thuc hién vai thanh phan cét liéu tai
bang 6, s dung xi mang Holcim PCB40, c6t liéu min (cat), cot liéu
tho (dd), st dung nudc tinh khiét va céc tiéu chi ky thuat theo TCVN
4506-2012. Mau bé tong dugc thi nghiém cé dang hinh try, kich
thudc 150x300 (mm), dugc thi nghiém nén mau theo tiéu chuan
ASTM C469.
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Bdng 6. Ty Ié c6t liéu trong thuc nghiém ctia t6 méu (kg/m3) Mau TRO3
Mau | Ximang | Cétliéumin | Cotliéuthd | Nudc % ‘ ‘
DCO1 385 668 1182 201 ol P e ]
DC02 437 625 1170 201 :/r o
TRO3 400 660 1310 200 P :
Du doan cudng d6 chiu nén tir t6 mau thi nghiém 5 ;f
V6i mé hinh mang dugc xay dung c6 tén la: network1 SO 4
Gia tri dau vao cho mau DCO1: 3 ¥
Input_Exp_DCO1 = [385 201 1182 668] 2e§
Gia tri dau vao cho mau DC02: 10 ‘ |
Input_Exp_DC02 = [437 201 1170 625] ] T roroz Thinemiem
Gia tri dau vao cho mau TRO3: s|é TRO3.03 Thinghiom |
Input_Exp_TR03 = [400 200 1310 660] s TROBLIT - GA
Gia tri d4u ra cho mau DCO1: O‘;’ : . " " . . )
Output_ANN_DCO1=sim(network],Input_Exp_DC01)=18,482 Bien dang (%)
Gié trj dau ra cho mau DCO: Hinh 23. Quan hé tng xtr_TRO3 thuc nghigm & LIT - GA

Output_ANN_DC02=sim(network1,Input_Exp_DC02)=21,543
Giéa tri dau ra cho mau TRO3:
Output_ANN_TR03=sim(network],Input_Exp_TR03)=32,271
Bdng 7. Cudng do chiu nén gitia thuc nghiém va ANN dy dodn

Nhén xét: Thay céc gia tri cudng do va hé so téi uu tuong tng
cla cac t6 mau vao ham dng xt (21), tdng dan déu gia tri bién dang
dé thu dugc gia tri Ung sudt tuang Ung.

Dua vao dang dudng cong Ung xU hinh 21, 22 va 23, nhan thay

S (MPa) DCO1 DC02 TRO3 duding cong dé xuat ¢é hinh dang sau t6i uu da bam sat dudng cong
Thuc nghiém 18,33 21,43 32,33 thuc nghiém & ca cac giai doan gém: t giai doan ban dau dén giai
ANN du doan 18,482 21,543 32,271 doan tuyén tinh, phat trién Ién giai doan phi tuyén va sau khi tng

Sai s6 0,152 0,113 0,059 suat dat trang thai cuc han dan dén sy xuat hién cda vét nut va pha
Gia tri cudng do chiu nén dugc du doan ti mang no-ron nhan hiy mau. !
tao ANN va két qua nén mau thuc nghiém cé sai s6 rat nhd. Vay nén 5.  Kétluan
két qua dy doan cho gid tri véi do tin cdy cao. Viéc ing dung mang no-ron nhan tao ANN dy doén gia tri
Du doan dudng cong ting xir tir t6 mau thi nghiém cudng do chi}J nén tu cac thénh phan cap phoi da cho két qua xap
Bding 8. Gid tri théng s6 t6i uu cla cdc t6 mdu qua tim kiém xi c6 d6 sai s6 nho so véi két qua tir thi nghiém thyc nghiém.
He s6 o Hé 56 o, Véi mo hinh tng x{ LIT dugc dé xuat, viéc ing dung giai thuat
i i = ti€n héa di truyén GA nham tim ki€ém ham (g xu t6i uu t mé hinh
DCo1 DC02 TRO3 DCo1 DC02 TRO3 giai tich cho trudc, bang cach dat vao mé hinh nay cac hé s6 t6i uu
0,633 0,628 0,599 0,788 0,765 0,685 va danh gié téng sai s6 toan mién. K&t qua thu dugc la dang tin cay,
0 May peot | thé hién & dang dudng cong sau t8i uu da bam sat dudng cong thuc
18] I S nghiém khi dugc ki€ém ching qua 3 mau tha.
1 b b R . Tu két qua ghi nhan, véi 1 cap phdi bé téng bat ky co6 thé du
e .:".f“/’ . doaén ra dugc gia tri cudng doé, bién dang I6n nhat, mé dun dan hoi
e g ] va dang dudng cong véi sai s6 nhd nhat dat dé tin cdy cao. Ma
g0 ,,i" khéng can phai nén nhiéu mau bé tong vdéi cdp phéi lién quan, dem
B g Iai’nhiéu Igi ich vé kinh té va moi trudng trong qua trinh danh gia,
6 ’. ~ @ 'DCO1-01 Thinghiem | | kiém dlnh
JE DC01-02 Thi nghiem
i DCO1-03 Thi nghiem
2f oo s || TAI LIEU THAM KHAD
- E 2 s 4 5 . []http://archive.ics.uci.edu/ml/datasets/concrete+compressive+strength.
len dana () [21Trén Van Tigng, Nguyén Thi Thay Hang, Nguyén Xuan Khanh. Jag xit chiv nén cia
Hinh 21. Quan hé @ng xir_ DCOI thye nghigm & LIT - GA

b6 thng: nghién civ gia thire nghigm va ma phing 6 st dung phieng phap phan b roi

= : et : rac. Bai hoe Su Pham Ky thut TRHCM, 2018,
i — [3)https://drive.google.com/file/d/ItpXRdrEL DTnas|pV7axpmbI71BptRerG/ viewTu
2or ‘,.*""-,- - s e fuu""“‘"“‘ 1 sp=sharing
~ _;" ad - [4]Hognestad. 4 study of combined bending and axial load in L members. University
A of lllinois, Eng. Bull. Ser. P.393, 1951,
g ;‘5' [a]Thomas Telford. Comité Euro-Internationaldu Béton-Fedération Internationale de
Sl ¥ ] |a Précontrainte. £28-F1P mode/ code 1950 design code, London, 1333,
£ o cozor g [B] Wee, T. H. Chin, M. S. Mansur. Stress-strain relationship of high-strength
: " Doa T nomr concrete in compression. Jaurnal of Materials in Livil Engineering, pp. T0-T8, 1396.
' et [7IT. H. Almusallam and S. H. Alsayed. Stress-strain relationship of normal high-
g 1 2 3 . 5 s strength and lightweight concrete. Magazine of Loncrete Research, pp. 39-44, 1395,

Bien dang {%o)

Hinh 22. Quan hé ang xir_DC02 thue nghigm & LIT - GA
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