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Tém tit - Bai bao trinh bay két qua nghién ciru du béo phéan bd
nhiét trong 16p mét bé tong nhua chat (BTNC) cua két chu mat
duong nura clmg. Phan bb nhiét dugc thyc hién trén mo hinh quan
tric thuc té va mo phong s0 bang phan mém ANSYS trén co s&
ly thuyét truyén nhiét mét chiéu. Két cdu mit duong nira cimg st
dung trong nghién ctru gdm 16p mit BTNC12,5 day 13cm trén
16p moéng cip phdi d4 dam Dmax31,5 gia ¢ xi mang 4% day
15cm. Phan tich mé phong duoc thuc hién ¢ 3 truong hop thong
s6 nhiét 1y (46 dan nhiét, nhiét dung riéng, dung trong) ciia BTN
khac nhau. Két qua phén tich cho thiy, két qua du bao thay dbi
nhiét do theo chiéu sau trong mat duong BTN phu thudc cac thong
sd nhiét Iy cua BTN. St dung thong s nhiét Iy thay dbi theo nhiét
d6 lam viéc thuc té cua BTN (truong hop 1) cho két qua gin ding
v6i nhiét o quan trac thuc té hon so voi sir dung gia tri khong
ddi (trwong hop 2 va 3).

Tir khéa - M0 hinh dy dodn; bé tong nhya (BTN); 1y thuyét
truyén nhiét; phan bo nhiét do; ANSYS.

1. Pit van dé

Yéu t6 khi hau anh huéng nhiéu dén chat luong khai
thac va tudi tho ctia mat dudng bé tong nhwa (BTN). BTN
a vat lidu c6 tinh chat dan hdi-nhét-déo, cuong do va do
4n dinh cuong do cua BTN chiu anh hudng nhiéu cua didu
kién khi hau, dac biét khi nhiét do thay doi. Nhiét do ting,
tinh dan hdi ciia BTN giam, tinh nhét ting. Dudi tac dung
1ap lai cua tai trong xe chay, BTN d& phat sinh bién dang
khong hoi phuc (bién dang du). Nguoc lai 6 nhiét do thap,
mit dudng tré nén gion, dé phat sinh hién tugng nut giy.
Luya chon, st dung nhiét do tinh toan phu hop cho vat liéu
BTN gop phan dam bao 6n dinh cudng do, han ché cac hién
tuong hu hong (nuat, trugt, lan séng, 1an vét banh xe) mat
duong BTN. Tiéu chudn thiét ké két cdu 4o dwong mém
Viét Nam 22TCN 211-06, quy dinh tinh toan két cau 40
duong theo 3 tiéu chudn trang thai giéi han (kéo udn, vong,
trugt) trong tng voi 3 didu kién nhiét do tinh toan cia BTN
lan Iugt la 10-15°C, 30°C va 60°C [1].

Phan bd nhiét d6 trong mat dudng BTN dang khai thac
kha phirc tap, phu thudc vao phan ving khi hau, didu kién
va sy thay ddi thoi tiét (nhiét do) trong ngay, chiéu day
16p BTN, tinh chat vat liéu BTN,.. Dé han ché c4c hién
tugng hu hong mat duong BTN, can c6 nhiéu nghién ctru
sau vé phan b nhiét trong mit duong BTN, tir d6 giup k§
su thiét ké co co s dé lua chon thong sé nhiét d6 thiét ké
thich hop.

Abstract - This paper presents the results of the study on predicting
the temperature distribution in the asphalt concrete (AC) surface layer
of the semi-rigid pavement structure. Temperature distribution is
studied on on-site actual monitoring and numerical simulation by
ANSY'S software based on one-dimensional heat transfer theory. The
semi-rigid pavement structure consists of a 13cm thick AC 12,5mm
surface and a 15cm thick cement-treated base 31,5mm. Simulation
analysis is performed in 3 cases of different thermophysical
properties (thermal conductivity, specific heat capacity, density) of
the AC layer. The analysis results show that, the temperature
variation with depth in the AC layer depends on its thermophysical
properties. Using thermophysical properties according to the actual
working temperature of AC (case 1) gives prediction results that are
more approXimate to the actual monitoring temperature than using a
constant value (cases 2 and case 3).
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Trén thé gidi da c6 nhidu nghién ctru phan bd nhiét cia
mat duong BTN thong qua mo hinh thyc nghiém hoac moé
phong s6 [2], [3]. Cac nghién ctru trén thye nghiém chu yéu
dugc phat trién dwa trén phuong phap phéan tich thong ké
cac két qua quan tric thuc nghiém. M6 hinh du bao phéan
bd nhiét do cua mit duong va cac yéu td lién quan thuong
don gian, tuy nhién chi phu hop véi dic diém vat lidu va
khi hau cta khu vuc nghién ctru, dong thoi chi phi dé thuc
hién mé hinh nghién ciru thuc nghiém tén kém. Hudng
nghién ciru dua theo 1y thuyét truyén nhiét, ap dung phuong
phap giai tich dé xac dinh nhiét ¢ mat duong bt dau tir
nhiing ndm 1950, Barber [4]. Tuy nhién, do chi dua trén
cac gia dinh thuc nghi€ém nén cac moé hinh dé xudt chi co
thé chép nhén trong mot s6 diéu kién cuy thé. Dé ap dung &
truong hop tong quat, can dugc kiém tra tinh twong thich
cta mo hinh. Mat khac, ddi v&i cac mé hinh giai tich, do
su phuc tap cua thong lugng nhiét trén bé mat mat duong
nén thuong gap kho khin khi ap dung dé giai phwong trinh
truyén nhiét, thim chi c6 thé khong giai dugc khi didu kién
bién & mat dudng phc tap.

Phuong phap sb ra doi gitp giai quyét cac bai toan véi
didu kién bién phtc tap trong du doan phan bd nhiét mit
dudng theo hudng 1y thuyét. So véi mé hinh giai tich, cac
md hinh s6 ¢6 thé giai dwoc voi cac diéu kién bién bé mat
phtic tap vi sy dan nhiét duoc giai quyet trén cac nut hoac
trén cac phan tir. Cting voi viée phat trién cac cong cu tinh
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toan bang may tinh, phuong phap phan tir hitu han (FEM)
hién dang dugc sir dung kha pho bién trong nhiéu bai toan
ky thuat. Vi wu diém co thé phan tich ing xtr co hoc cta
két cau, FEM c6 thé sir dung dé phan tich cac van dé co
hoc lién quan dén nhiét do trong két cau mat duong [5]-
[7]. Tai Viét Nam, phuong phap phan tir hitu han da duoc
sir dung dé danh gia trang thai nhiét d6 cua 16p BTN cia
cac nhom nghién ctru Trinh Vin Quang, Nguyén Huynh
Tan Tai [8], [9].

Bai béo trinh bay nghién ciru du béo phan bd nhiét
trong 16p mat bé tong nhya chat (BTNC) cuia két cdu mit
dudng ntra cing, gdm: Lép mat BTNC12,5 day 13cm trén
16p mong cap phdi da dim Dmax31,5 gia c6 xi mang 4%
day 15cm. Phan b nhiét duogc thyc hién trén mo hinh quan
trac thyuc té tai khu vyc thanh phd Pa Nang (Truong Dai
hoc Béch khoa - Pai hoc Pa Ning) va md phong sb bang
phin mém ANSYS ACADEMIC STUDENT_2022R1.1
[10] trén co s& 1y thuyét truyén nhiét mot chiéu. Phén tich
md phong duoc thuc hién & 3 trudng hop théng s nhiét 1y
ctia BTN khéc nhau, ¢6 dbi sanh véi két qua quan tric thuc
nghiém tir md hinh thyc té, tir d6 rat ra duge anh hudng
cua thong sb nhiét Iy cia BTN dén phan bd nhiét do mat
duong BTN.

2. Co s6' 1y thuyét va md phong truyén nhiét
2.1. Co 56 Iy thuyét truyén nhiét

Phuong trinh tdng quét ctia qua trinh truyén nhiét trong
vat liéu sinh nhiét theo khong gian va thoi gian dugc biéu
dien dudi dang:

aT T T T
P RN e Sy
ot ox° oyt oz

Trong do: T - Nhiét do cua BTN; t - Thoi gian xdy ra
qué trinh truyén nhiét; a - d§ khuéch tan nhiét, dugc xac
dinh theo cong thuc:

a=MpC (2.2)
véi L — d6 dan nhiét (W/m.°C); p — dung trong (kg/m?);
C — nhiét dung riéng (J/kg.°C).

X, Y, Z - 1an luot 13 cac truc theo 3 phwong truyén nhiét
cua BTN.

Trong két ciu mit duong 6 t6, do chiéu day mit duong
thuong nho hon nhiéu so véi chiéu rong va chiéu dai lam
viée, nén co thé xem truyén nhiét trong két cau mat duong
la truyén nhiét mot chidu theo phuong thing dimg (z).
Phuong trinh tong quat (2.2) c¢6 thé biéu dién dudi dang:

5= (5) @3

2.2. Ap dung phwong phdp phdn tiv hitu han (PTHH)
trong bai todn truyén nhigt [11]

a) Budc 1: Rai rac hoa bai toan, chon phan tir hitu han

Tuy thudc tinh chat caa bai toan, phan tir c6 thé chon
theo céc hinh dang khac nhau: Poan thing (d6i véi bai toan
mot chiéu); hinh phing nhu tam giac, tir giac, chit nhat (d6i
v6i bai toan hai chidu); Hinh khéi, nhu khéi t dién, lap
phuong, hinh hop, ling tru (d6i voi bai toan ba chidu).
M3i loai phan tir c6 thé chon bac nhét, bac hai hodc bac
ba... tily theo nhiét d phu thudc vao toa do Ia ham bac may.

(2.1)

Giira cac phan tir ngan cach nhau bai cac bién la cac nut,
doan thang, hay bé mat.

Tuy thudc loai phan tir ma mi phan tir ¢o hai hay nhiéu
nat. Sau khi rg‘yi rac, nhiét dd can phai tim trong mién lien
tuc cua vat thé dugc xap xi tai cac nut cia cac phan tir.

b) Budc 2: Chon ham néi suy (Nj)

Ham noi suy Ni (hay ham hinh dang) thé hién méi quan
hé gitra nhiét do T bén trong phan tir véi gia tri nhiét d6 tai
cac nut T.

T = NiT; + N,T+..+N, T, = Y5, N;T;
Hoac ¢ dang ma tran: T = [N|{T}
Trong d6:

1,2, i..., k - chi sb thir ty cac nat trong mot phan ti;

N1, N2 ..., Nk - ham néi suy tai cac nut 1, 2...k;

T - nhiét do tai diém bat ky trong phan tir;

T1, Ta, Tk - nhiét d6 can tim tai cac nat 1, 2..k;

(2.4)
(2.5)

[N], {T} - 1an luot 1a ma trdn ham ndi suy va vector
nhiét d6 can tim.

¢) Budc 3: Thiét 1ap phuong trinh dic trung cua phan tu

Phuong trinh dc trung ctia phan tir biéu thi méi quan
hé gitra nhiét do chua biét tai cac nat vai cac phu tai nhiét.

D¢ thiét 13p phuong trinh dc trung cua phan tw, can
thuc hién xap Xi hém can tim la nhiét d6 vai mot so leong
htu han cac bién $O tai cac nat, hinh thanh mét phuong
trinh ma tran caa phan tir ¢ dang:

[KI{T} = {f}
Trong d6:

i - chi s6 biéu thi cho phan tur thu i;

(2.6)

{T}i-nhiét d6 phai tim tai cac nut;

[K]i - ma tran cac hé s6 caa nhiét do (hay ma tran do
cing cua phan tu);

{f }i - véc to phu tai nhiét hoac nhiét do cho trudc tai
nat bién nao do.

d) Budc 4: Thiét lap phuong trinh déc trung phan tir d6i
v6i phuong trinh vi phan dan nhiét.

Phuong trinh dac trung cia phan tir 1a méi quan hé gitra
ham s6 can tim tai cac nat (tirc nhiét do) va cac phu tai hoac
cac lyc tuong ung ¢ dang ma tran.

[KKT} = {f} 2.7)

Dé nhan duoc phuong trinh ma tran (2.7), can xap xi
tich phan phuong trinh vi phan truyén nhiét (2.1 hodc 2.3).
Mit khéc, dé xac dinh nghiém xap xi tich phan ddi véi bai
toan truyén nhiét, c6 thé ap dung mot s6 phuong phap: Tich
phan can bang nhiét (phwong phap Ritz); Bién phan
(phuong phap Rayleigh Ritz); Hodc phwong phap sé du
trong s6 (phwong phap Galerkin).

d) Budc 5: Giai hé phuong trinh (2.7) xac dinh nhiét d6
tai cac nut.

Hé phuong trinh (2.7) dugc giai bang cac phuong phap
chuan nhu: Lap, khir, Gauss, ma tran nghich dao...

Dé giai bai toan phan bd nhiét trong mat dudng can sir
dung cac diéu kién bién tai bé mat cia mat dudng va day
két cau a0 duong:
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- Tai bé mat mat duong (z=0):

5 AT
1 ez z=0

(2.8)

=qns —qni — 4c
Trong do:
M1 - Do dan nhiét caa 16p 1 (W/(m.K));
ns - DUC Xa mat troi dugc mat duong hép thu;
a1 - bUc xa song dai phat ra tor mat duong;
q. - dong nhiét do dbi luu gay ra;
_ Theo (2.8), nhiét d6 mit dudng c6 thé dugc tinh toan
néu xac dinh tirng dong nhiét tai bé mat mat duong.

u‘o-nq 36 bire xa mat o
Phan xa cutng 46
bic xa mat o
cia mit duong
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Hinh 1. Trao déi nhiét trong hé thong méi trirong mdt duong

Ngoai phuong phap xac dinh ting dong nhiét tai bé mit
cua mat duong theo phuong trinh (2.8). Dicu kién bién
nhiét dJ tai bé mat c6 thé dugce xac dinh bang cach do dac
truc tiep:

T =T, , v6i Ty, la nhiét d§ do dugce tai mat duong.

- Tai day két ciu 40 duong:

Su dao dong nhiét trong két cAu o duong cang c6 xu
huéng tat dan néu cang di sdu xuong nén duong. Bién doan
nhiét d}xqc ap dung & d6 sau ting vaéi nhiét do cua dat khong
thay doi theo d6 sau. Theo cac nghién ctru cua Minhoto va
cong su [1’2], Wang [1;3], bién do dao dong nhiét d6 trong
long dat dén do sau nhat dinh rat it thay doi. Theo Minhoto
va cong su, qhiét d6 trong mat dat cach mat duong 2m hau
nhu khong doi trong khoang thoi gian 1 thang [12]. Do do,
bién doan nhiét dugc chon ap dung cho md hinh nghién
ctru la tai o sau 16p dat 2m.

2.3. M6 hinh tinh todn phén bé nhigt theo phwong phdp
PTHH bang phan mém ANSYS
2.3.1. Lita chon théng sé nhiét y vt liéu

Dé thuén loi khi so sanh két qua tinh toan m6 phong v6i
thuc nghiém, nghién ctru chon két cau mat duong gom céc
16p vat li¢u tuong tu lget cAu mat dudng cua md hinh thuc
nghiém hién truong gom: (1) Lop mat trén BTNC12,5 day
13cm (AC12.5); (2) Lop mong trén cap phoi dd dam
Dmax31,5 gia o xi mang 4% day 15cm (CTB); (3) Lop
mong dudi cap phoi da dim day 15cm (SG); va (4) Lop dat
& cat day 2m (Hinh 1).

Thong s6 nhiét 1y cac 16p vat liéu st dung trong md

hinh tinh toan la gié tri thi nghiém thyc hién trong phong
thi nghiém ¢ cac khoang nhiét d6 khac nhau (ky hiéu Case
1), thé hién ¢ Bang 1.
Béng 1. Két qua thi nghiém cdc théng sé nhiét Iy ciia
cac logi vt liéu mat dwong nghién ciru [14]

Al g Nhi¢t dg (°C)
Théng so nhi¢t ly
30 | 35 | 40 | 45 [ 50 | 55 [ 60 | 65 | 70
A (W/m.eC) |1,62)1,65(1,70(1,74(1,83(1,91|1,97]1,99]2,10
]_Aécs C (J/kg.°C) |1065]1086 1106 |1125(1142|1158 (1173|1187 |1201
p (kg/m3) 2386
A(W/meC) (1,4211,47(1,52|1,57]1,621,67]1,72
CTB | C (J/kg.°C) |1047 (1046|1046 1046|1045 |1045|1045
p (kg/m®) 2371
A (W/m.LC) | 1,78
SG | C(J/kg.°C) [1150
p (kg/m3) [1820
A (W/m.eC) | 1,71
SOIL| C (J/kg.°C) |1000
p (kg/m3) [1650

2.3.2. M0 hinh tinh toan trén phan mém ANSYS

Pémo phong truyen nhiét trong két c4u, nghién ctru sir
dung phan mém ANSYS ACADEMIC
STUDENT_2022R1.1. Qua trinh cc bude tinh todn mo
phong trén phan mém ANSYS thé hién ¢ Hinh 2.

ANSYS
DATA GEOMETRY MODEL
Théng 56 vatliéu  Tao mé hinh

] }

Thiét 1ap vat ligu Chia ludi mé hinh Ap 33t didu kién
két ciu do dwdng  thanh cac phan tir bién

l i !

v
S0LVE

Hinh 2. So do qud trinh thuc hién mé phong

Pé kiém chirng mo hinh mé phong, tién hanh mé phong
truong hop nghién ciru 1 (Case 1) voi thong sé nhiét 1y tinh
toan cuia vat liéu dugc 1dy ¢ Bang 1. Diéu kién bién la nhiét
d6 do thuc té tai bé mat mat dwong (Tsur). Chia luéi phan
ttr dya trén chiéu day cac 16p vat liéu theo chidu sau thanh
c4c khoang déu nhau, day lem (tring vi tri quan tric nhiét
trén mo hinh thyc nghiém) dé d& dang kiém chimg két qua
md phong véi mo hinh thuc nghiém (Hinh 3).

Q@ &R e WM

Hinh 3. Chia hedi phan tir két cdu mdt dwong trong Ansys
Budce thoi gian tinh todn 10 phit, twong ty budc thoi
gian quan trac nhiét cia mo hinh thuc nghiém.
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2.3.3. M6 hinh thyc nghiém

M@& hinh thyuc nghiém dugc thue hién tai khu G Truong
Pai hoc Bach k,hog — Pai hoc Pa Nang, trén dién tich 2m x
2m (Hinh 4), két cau cac 16p vat liéu mat duong nhu Hinh 1.

Hinh 4. Thi céng két cau mdt dwong mé hinh thire nghiém

Phan bd nhiét do trong cac 16p vat liéu dugc xac dinh
nhd cac cam bién nhiét dat tai cac vi tri bén trong bé tong
nhua ¢ cac d0 sau tinh tir bé mat mat duong lan lugt 1a 2cm,

>
(@]

Cam bién nhiét

| CTB

Hinh 5. Lép dat cam bién nhiét d trong I6p BTN

Két qua quan tric din bién thay ddi nhiét d6 & cac do
sau khac nhau trong 16p mit BTN (Hinh 6) cho thay: Phan
bd nhiét d6 cao nhat va thip nhat trong BTN thay ddi theo
thoi gian trong ngay. O do sau tir 2cm dén 7cm, nhiét do
dat 16n nhét trong khoang thoi gian tir 13h00 dén 14h00.
Nhiét d6 cao nhat & d6 sdu 10cm, 12cm cia BTN dao dong
trong thoi gian tir 14h00 dén 15h00. Tuong tu, nhiét 4§ nho
nhét & d¢ sau 2cm dén 7cm 1a 06h00 va & do sau 10cm dén
12cm la 07h00.

60
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§S823883:88:s:38¢8:3:88¢:¢:8
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S S FSSE5FEE8838822ELEgRE
o oy o o oy o o o o o o
& & & & o F & & & 2
Thdi gian (h)

L
g
g
g

—— T_2cm_measure == T_Scm_measure

= == T_l0cm_measure — -+ -T_12cm _measure

Hinh 6. Thay déi nhiét do o cq’c do sdu khdc nhau trong lop mdat
BTN (két qua quan trac tir mé hinh thyc nghiém)

2.3.4. So sanh két qua mé phong véi thue nghiém quan trdic

Hinh 7 dén Hinh 11 14n luot thé hién dién bién thay d6i
nhiét do tai cac do sau lan lugt 1a 2cm, 5cm, 7cm, 10cm va
12cm trong BTN, sau 5 ngay quan tric lién tuc tir
26/9/2020 dén 30/09/2020. Puong lién nét thé hién nhiét
d6 quan tric (ky hiéu T_measure), dudng dut nét thé hién
nhiét 30 mo phong (T casel).
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9
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Théi gian (h)

Hinh 7. Dién bién thay déi nhiét @6 tai do sdu 2cm tir
mé hinh thuc nghiém (measure) va moé phéng (Case 1)
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Hinh 8. Dién bién thay déi nhiét @¢ tai do sau 5cm tir
mo hinh thuc nghiém (measure) va mé phong (Case 1)
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T_Tem measure — - — T_Tem_casel
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Hinh 9. Dién bién thay déi nhiét dé tai dg sdu 7cm tir
mo hinh thuc nghiém (measure) va mé phong (Case 1)

— T _10cm_measure ==+ T 10cm_casel

ANATT A AT
AN A N N A Y AR
NN N NN

Nhiét d (°C)
8

9/26/20 0:00
9/26/20 6:00
9/26/2012:00
9/26/20 18:00
9/27/200:00
9/27/206:00
9/27/2012:00
9/27/20 18:00
9/28/200:00
9/28/20 6:00
9/28/2012:00
9/28/20 18:00
9/29/200:00
9/29/20 6:00
9/25/2012:00
9/25/20 18:00
9/30/20 0:00
9/30/20 6:00
5/30/2012:00
5/30/20 18:00
10/01/20 0:00

Théi gian (h)

Hinh 10. Dién bién thay déi nhiét do tai @ sau 10cm
tir mo hinh thuc nghiém (measure) va mé phong (Case 1)
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———T_12cm_measure

B I Y . N W A
N S N A N B N B
SN NS NSNS

==+ T_l2cm_casel

Nhiét d§ ("C)

o 0 0 2 2 9 2 90 9 S o020 Q00 Q0Q Qo9
CEG GG E R B EEE B
S U N 0 O W N WO VW N X O VW N O O N @& O
oo @ oo 9 90009 900 dda0cd oo
8833883388388 3s¢88¢gs¢8
[roar-y ~ o oF of ar @ S g
§8fg8s35§§88888g33g¢gg8¢
= @ @ = @ @ = S
Ea & & & & & o ]
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Hinh 11. Dién bién thay déi nhiét do tai g sdu 12cm tir
mo hinh thuc nghiém (measure) va mé phong (Case 1)

Dé so sanh két qua phén tich tir mo hinh (Case 1) va két
qua quan trac tir mo hinh thyuc nghiém, tién hanh tinh toan
sai s6 binh phuong trung binh (Root Mean Squared Error -
RMSE) theo cong thic:

RMSE = /2—5;1@5 el

Trong do: Y;- nhiét do xic dinh bang mo hinh mé
phong tai thoi diém t; yi* - nhiét d6 ciia mé hinh quan tric
thuc nghiém tai thoi diém t;.

Két qua tinh todn RMSE ¢ cdc gia tri d6 sau khac nhau
(Bang 2) cho thay, sai s0 binh phuong trung binh RMSE
gitra két qua phan tich trén phan mém ANSYS va quan
trac thyc nghiém co su chénh léch khong dang ké (gia tri
16n nhat 14 1,01 tai @ sdu 5cm). Didu nay cho thiy, gia
tri nhiét Iy cia vat liéu sir dung lam dau vao chq mo hinh
tinh toan Case 1 la tin c@y. C4c gid tri ndy c6 the sir dung
d€ nghién ctru anh huong cua thong so khi hiu va nhiét ly
cua vat liéu mat duong dén phan bd nhiét trong BTN.

3. Anh hwéng ciia thong so nhiét Iy BTN dén phan b
nhiét dj trong mit dwong BTN

_ Tién hanh phén tich anh huéng cua thong sb nhiét 1y
dén phan bo nhiét d6 trong 16p mat BTN cho 3 truong hop:

- Truong hop 1 (Case 1): Thong s6 nhiét Iy BTN duoc
lay theo két qua thi nghiém (Bang 1), thay doi theo nhiét
do cua BTN.

- Truong hop 2 (Case 2): Thang s6 nhiét Iy BTN khong
thay d6i theo nhiét d6 vai do dan nhiét 1,0416 W/m.°C,
nhiét dung riéng 1666,6 J/kg.°C, dung trong 2100 Kg/m?,
tir két qua nghién ctru cuia Trinh Van Quang [8].

- Truong hop 3: Thong s6 nhiét Iy BTN khong thay dbi
theo nhiét d6 voi do dan nhiét 1,65 W/m.°C, nhiét dung
riéng 1368 J/kg.°C, dung trong 2350 kg/m? (theo nghién
ctru cua J. Luca va D. Mrawira [15]).

Hinh 12 dén Hinh 16 thé hién két qua tinh to4n mé
phong thay d6i nhiét do tai cac d6 sau khac nhau trong 16p
mat BTN cua 03 truong hop mo phdng.

Phan tich RMSE so sanh sai s6 giita nhiét o tinh toan
cua 3 truong hop phan tich véi nhiét do quan tric thue
nghiém (Bang 2) cho thay Truong hop 1 co két qua sai s6
nho nhit (RMSE thay doi tr 0,57 dén 1,01); Tiép dén la
truong hop 3 (RMSE thay doi tir 1,03 den 2,04); Lon nhat
1a truong hop 2 (RMSE thay doi tir 2,97 dén 4,006).

Phén tich cho thay, thong s6 nhiét Iy ciia BTN ¢6 anh huong
dén két qua du bao thay dbi nhiét do trong BTN. O truong hop
1, thong s6 nhiét Iy dugc xéc dinh théng qua thi nghiém trong
phong, theo nhiét d6 BTN nén két qua du bao thay dbi nhiét do
gan dung voi két qua quan tric thyc té (sai s6 nho nhat).
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Hinh 12. Thay déi nhiét dg tai do sdu 2cm cho 3 trwong hop
tinh toan mo phong trén phan mém ANSYS
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Hinh 13. Thay déi nhiét dg tai do SdL‘l Sem cho 3 truong hop
tinh toan mo phong trén phan mém ANSYS
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Hinh 14. Thay déi nhiét dg tai do sdy 7cm cho 3 truong hop
tinh toan mé phong trén phan mém ANSYS

50 Lo—.o ﬁ Case 1 \ R
45 Case3 .,- Case2 A A /,\ /’X

15 ’ 1
I A\ /%A N 0 N 72 N 70
= - Y - . /3
LN NN AN NS\
I W W A

30

8§ 8888888888888 88888187%8
Sodagfiagssdassgas sdg
8838853885688 85588 3
S8 8985338833883z 88¢g3¢3¢8
mmmmmmmmmmmg‘mmmg‘mmmma

Thi gian (h)
T_l0em_casel = = =T_I0cm_case2 == = = T_l0cm_cascd

Hinh 15. Thay doi nhiét do tai dé sdu‘ locm cho 3 truong hop
tinh toan mé phong trén phan mém ANSYS
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— T _12cm casel - —— T l2cm case2 =—---T 12cm case3

Hinh 16. Thay doi nhiét do tai dé sdu 120m cho 3 truong hop
tinh toan mo phong trén phan mém ANSYS
Bing 2. Saj $6 RMSE gitta nhiét dj tinh todn va nhiét do quan
trac thuc nghiém cho 03 truong hop phéan tich

Sai s6 RMSE giira nhiét dd tinh toan va nhiét do
D9 siu quan tric cho cic trwedng hop phan tich
(cm) Case 1 Case 2 Case 3
0,94 2,97 1,03
5 0,74 3,48 1,40
1,01 4,06 2,04
10 0,75 3,93 1,99
12 0,57 3,73 1,86

4. Két luan

Bai bao trinh bay két qua nghién ctru phan bd nhiét
trong két cAu mat dudng ntra cimg c6 16p mat BINC12,5
day 13cm. Sy thay ddi nhiét do & cac do sau khac trong 16p
mat BTN nhau dugc xac dinh thong qua mo hinh thuc
nghiém két cau thyc va mé phong sé bang phan mém
ANSYS. Quan tric duoc thuc hién lién tuc theo thoi gian
thuc 5 ngay lién tuc tir 26 dén 30 thang 9 nam 2020.

Su thay d6i nhiét d6 trong BTN & cac d6 sau khéc nhau
¢6 quy luat giéng nhau, tuy nhién gia tri nhiét ¢ 16n nhat
va nhé nhat khac nhau theo chiéu sau. Tai dd sdu 2cm, nhiét
d6 dat 1on nhit vao dau gio chidu (13h-14h) va nho nhét
vao dau budi sang (6h00). Gia tri nhiét do 16n nhat va nhiét
dd nho nhit & mdi vi tri do sau trong mat duong va thoi
gian BTN dat gia tri nhiét d6 16n nhét (hodc nhé nhit) phu
thudc vao thong sb nhiét 1y tinh toan caa BTN.

Thong s nhiét 1y tinh toan ciia BTN phu thudc nhiét do
ctia BTN. Bé dam bao dy bao chinh xac thay ddi nhiét do
trong mét duong BTN, can x4c dinh thong s6 nhiét Iy BTN
theo nhiét do de dua vao m6 hinh phén tich (input value).
Str dung hé sé dan nhiét nhu mot hing s6 c6 gia tri thap
(tredong hop 2) cho thiy chénh 1éch nhiét do theo chidu sau
16n, dong thoi nhiét do dat 16n nhat thudng xay ra cham
hon so v6i két qua quan tric thuc té tir 1 dén 2 gio.

Lo1i cam on:

[Trﬁn Thi Thu Thao] d~uqc tai trg boi [Nha tai tro] thg(f)c
Tap doan \]ingroup va ho trg boi Chuong trinh hoc bong
thac si, tién si trong nudc cia Quy Do6i méi sang tao
Vingroup (VINIF), Vién Nghién ctou D li€u Ién
(VinBigdata), ma so [VINIF.2021.TS.102].

Nghién ctru nay duoc tai trg boi Quy Phat trién Khozfl
hoc va Cong nghé - Pai hoc Pa Nang trong dé tai c6 ma so
B2021-DN02-05.
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