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TOM TAT

Bai bao tap trung nghién ctru sy truyén nhiét trong tim bé tong xi mang ctia mit duong 6 t6 thong
qua phén tich s6 bang phuong phap phan tir hitu han. Muyc tiéu cia nghién ctru nham lam rd dic
diém phan b truong nhiét trong tim bé tong dudi tac dong cua didu kién nhiét méi trudng, dong
thoi danh gia anh huong cta chiéu day tim dén su bién thién nhiét theo phuwong day. M6 hinh tinh
toan duogc xdy dung va trién khai trén phan mém Code_Aster, cho phép mé phong chi tiét qua trinh
truyén nhiét khong 6n dinh trong két cdu mat duong. Két qua phan tich cho thdy chiéu day tim bé
tong c6 anh huong dang ké dén dang phan b va gradient nhiét, dic biét trong viing gan bé mit chiu
tac dong truc tiép ctia moi trudng. Cac két qua thu dugce gop phan lam sang to quy ludt truyén nhiét
trong mat dudong bé tong xi mang, dong thoi cung cap co so khoa hoc phuc vu phan tich tmg suat
nhiét va thiét ké, danh gia két cAu mit duong trong diéu kién khi hau thuc té.

Twr khoa: Mt duong bé tong xi mang; truyén nhiét; phuong phap phén tir htru han; Phan tich nhiét;
Mo phong s6

ABSTRACT

This paper presents a numerical investigation of heat transfer in cement concrete pavement slabs
using the finite element method. The primary objective of the study is to clarify the thermal
distribution characteristics within concrete slabs subjected to environmental thermal conditions,
with particular emphasis on the influence of slab thickness on through-thickness temperature
profiles. A detailed numerical model is developed and implemented in Code Aster to simulate the
transient heat transfer process in rigid pavement structures. The simulation results indicate that slab
thickness significantly affects both the temperature distribution and thermal gradients, especially
in regions close to the slab surface directly exposed to environmental actions. The findings provide
valuable insight into the thermal behavior of cement concrete pavements and establish a scientific
basis for subsequent thermal stress analysis, structural assessment, and the design of rigid pavements
under realistic climatic conditions.

Keywords: Cement concrete pavement; heat transfer; finite element method; Numerical simulation;
Thermal analysis

1. GIOI THIEU ngay dém. Cac tac dong nay giy ra sy truyén
Trong qué trinh khai thac, m3t duong bé  nhiét trong tim bé tong, din dén phan b6 nhiét
tong xi ming chiu dnh hudng truc tiép ciia cac 4o khong dong déu theo chiéu day tim va anh
yéu t6 nhiét moi truong nhu bic xamat troiva  hudng dén trang thai lam viéc cua két ciu mit
su bién thién nhiét do khong khi theo chu ky  duong [1, 2]. Do do, viéc khao sat dac diém
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truyén nhiét trong tim bé tong xi ming co ¥
nghia quan trong d6i voi phan tich va danh gia
két cau mat duong. Nhiéu cong trinh nghién
clru trude dy da tiép can van dé truyén nhiét
trong bé tong xi mang bang cac mo hinh giai
tich hodc mo phong s [3, 4]. Tuy nhién, cac
nghién ctu nay thuong st dung nhiing gia
thiét don gian hoa vé diéu kién bién nhiét hoic
tap trung vao mot s trudng hop hinh hoc nhat
dinh, do d6 chwa phan anh ddy du anh huong
ctia su thay doi chiéu day tdm va diéu kién
nhiét moéi truong dac trung. Bén canh do, cac
nghién ctu khao sat s6 st dung phan mém
phan tir hiru han ma ngudn mé cho bai toan
truyén nhiét trong tim bé tong xi mang mat
duong van con han ché, dic biét trong diéu
kién khi hau Viét Nam [5].

Xuét phat tir nhitng van dé trén, bai bao
nay tién hanh khao sat sd sy truyén nhiét trong
tam bé tong xi ming mit dudng 6 to bang
phuong phap phan tir hiru han, sir dung phan
mém Code_Aster. Nghién ciru tap trung phan
tich ddc diém phan bd nhiét trong tAm theo
chiéu day duéi tac dong cua diéu kién nhiét
moi truong, qua do cung cp co sé tham khao
cho cac nghién ciru va tng dung tiép theo
trong linh vuc mat duong bé tong xi mang.

2. PHUONG PHAP NGHIEN CUU

Hién nay & Viét Nam, nhitng huéng dan
tinh toan @mng suat nhiét trong quy trinh tinh
toan mat duong cing duong 6 t6 1a két qua
clia cac nghién ctru sy truyén nhiét trong mat
duong theo quy luat truyén nhiét mot chiéu.
Khi @6, su thay dbi nhiét do theo chu ky ngay
dém va theo chiéu sau trong tim bé tong xi
miang mit duong duge xac dinh bang cach
giai phuong trinh vi phan truyén nhiét Fourier
[6, 7]. o
=aqa
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ot
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Trong d6: T 1a nhiét do trong tim bé tong
tai 0 sdu z va thoi diém 7(°c); rl1a thoi
diém nghién ciru (gid); z 1a chidu sau ké tir bé
mit (z = 0) dén diém can xét (m); a 13 hé sb
khuéch tan nhiét cua bé tong xi ming
(m%gid), nd phu thudc vao dic diém, tinh
cht, trang thai cta cac loai vat liéu st dung
trong két cdu mat duong va méi truong lam
viéc ctia tAm bé tong xi ming mit duong.
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Nghién ctu nay st dung phuong phép
phan tir hitu han (Finite Element Method -
FEM) dé khao sét sb su truyén nhiét trong két
céu mit dudng bé tong xi mang dudi tac dong
ctia diéu kién nhiét méi truong. Phuong phap
nay cho phép mé phong bai toan truyén nhiét
khong 6n dinh v6i hinh hoc va diéu kién bién
phuc tap, phu hop cho cac bai toan khao sat
truong nhiét trong két cau mat dudng cing.
Dbi tuong khao sat 1a hé két cau gom tAm
bé tong xi mang - 16p moéng - nén dét, trong
d6 trong tAm phan tich 1a dic diém phan bd
truong nhiét do va gradient nhiét theo chiéu
day tim bé tong [8].

2.1. M6 hinh hinh hoc va két cau khdo sdt:

Tam bé t6ng xi mang duoc gia thiét co
kich thuo*c mit bang (5,0x4 ,5) m, dat trén lop
mong cép phdi da dam gia c6 xi mang va nén
dat tu nhién bén dudi (Hinh 1).

1/4Tém BTXM
DI c1
"Z)— __________ (¢
— Lép méng 44 dim
y /ml _____ Pewwics=0 /ol i xi mang 8%
/s
Al | Bl
/7 | I h
A2 | 2 Nén dit
/
A3 | B3 /
Dazp204as =0 |
DB2c204B4=0
m)_ ________ | o

A4

Hinh 1. M6 hinh hinh hoc va diéu kién
bién nhiét cua két cau khao sat

Chiéu day tim bé tong duoc thay ddi trong
khoang tir 16 cm dén 40 cm nham khao sat anh
hudng cua thong sé nay dén diac diém truyén
nhiét, dong thoi bao quat pham vi ing dung
cho ca mat duong 6 t6 va mat duong san bay.

Do tinh ddi xtmg cta hinh hoc va diéu
kién bién, chi mot phan tu dién tich cia mo
hinh két cdu duoc sir dung trong qué trinh mo
phong nhim giam khdi lwong tinh toan ma
van dam bao phan anh chinh xac dic diém
truyén nhiét cua hé két cau.

Céc thong s6 nhiét - vat 1y cta timg 16p
két cau duoc xéac dinh trén co sé cac tai liéu da
cong bd vé truyén nhiét trong bé tong xi ming
va dugc sir dung thong nhat trong toan bo qua
trinh khao sat (Bang 1).
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Bang 1: Thong sb nhiét - vat 1y cac 16p két cau [9]

2 s Hésd gian  Hé sb truyén  Nhiét dung Khéi luong
. A A Chicu day . N o o o

Lop két cau (cm) nd nhi¢t o dan nhié¢t A riéng C riéng p

(1/°C) (W/(m.K) (J/kg.K) (kg/m?)
T4am bé tong xi ming 16+40 10° 2,33 872 2400
Mong cap phoi dd dam 5 7.10° 2,1 837 2000

gia c0 xi mang 8%

Nén dat 5.10° 0,9 837 1800

2.2. M6 hinh phan tir hitu han va diéu kién
bién bai toan:

Bai toan truyén nhiét khong 6n dinh ba
chiéu duoc khao sat bang phan tir khbi 8 nut
trén phan mém Code Aster. Phan mém nay
1a cong cy phan tir hitu han ma ngudn mo da
dugc tmg dung rong ral trong phan tich truyén
nhiét va co hoc két cau xay dung, bao dam do
tin cay cho cac két qua mé phong sb [10].

Diéu kién bién nhiét duoc thiét 1ap theo
chu ky ngay dém cua nhi¢t d§ khong khi, dai
dién cho diéu kién khi hau Mién Nam, s6 li¢u
duoc léy tur tram Xuan Loc, Tp Hd Chi Minh
va nghién ctu cia PGS Nguyén Duy Pong
[11]. Nhiét d6 tai bé mat tim bé tong va cac
mat bén cua tim dugc gan theo quy ludt bién
thién theo thoi gian trong ngay. Mat day cua
mo hinh duogc gia thiét khong c6 dong nhiét
truyén qua, véi chiéu sdu moé hinh 1a 1,5m,
trong khi cac mat ddi xtrng va mat bén cua hé
mong - nén dugc ap dung diéu kién dong nhiét
vudng goc bang khong [12].

Nhiét do ban dau ctia toan by hé két cau
duoc gia thiét bang voi nhiét do bé mat thap
nhit trong ngay, twong tmg véi thoi diém 5
gi0 sang.

3. KET QUA KHAO SAT VA THAO
LUAN

3.1. Quy trinh khdo sdt sé

Qua trinh khao sat s6 duge thuc hién
thong qua mo phong truyén nhiét khéng o6n
dinh trong két cdu mit dudng bé tong xi ming
bang phuong phap phan tir hitu han cho cac
chiéu day tAm 20cm, 30cm va 40 cm (Hinh 2).

Mo hinh duoc tinh toan cho nhiéu chu ky
ngay dém lién tiép nham bao dam truong nhiét
trong hé két cdu dat trang thai lap on dinh va
khong con chiu anh huong cua diéu kién ban

dau. Su on dinh cua truc‘rng nhiét dugc danh
gla thong qua phan b nhiét d6 theo chiéu sau
két cdu tai cac chu ky khao sat, trong do su sai
khac giita cac chu ky lién tiép 1a khong dang
ké (Hinh 3).

Temperature
02 52 565
— e —

Hinh 2. Phan b6 nhiét do tai thoi diém 12 gio -
tam day 20cm

Sau khi truong nhiét dat trang thai on dinh,
cac két qua mo phdong duoc trich xuat tai chu ky
khao sat cuoi cung d€ phuc vu phan tich.
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Hinh 3. Phan b6 nhiét do theo chiéu sau
cua két cau trong cac chu ky khao sat
Truong nhiét do trong hé két cau dugc thé
hién thong qua phan bd nhiét do theo chiéu
sdu tai cac thoi diém dic trung trong ngay.
(Hinh 4a,b) phan anh dic diém truyén nhiét tir
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bé mat tim bé tong day 20 cm xubng céc 16p
ket cau bén dudi.

Nhigtdg (T°C)
40.00 as,

35.00

‘‘‘‘‘

Chigu sdu (m)
s o o

a. boi véi h¢ két cau
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b. P6i v6i tim bé tong xi ming
Hinh 4. Phin bd nhiét do theo chiéu sau - tim
day 20 cm
C6 thé thay rang cac qua trinh truyén nhiét
trong tam co6 chiéu day 30cm va 40cm cling
dién ra twong tu nhu doi voi tam cd chiéu day
20cm. Tuy nhién, cac thoi diém dién ra chénh

S6 16 (03/2026)

1éch nhiét d6 16n nhét gitra mit va day tim co
su thay doi. Chang han d6i v6i tim day 30cm,
céc thoi diém nay 1a 12h va 21h, con ddi véi
tam day 40cm 1a 13h va 24h.

Trén co so két qua phan bd nhiét do, chénh
léch nhiét do gitra bé mit va day tim bé tong
dugc xéc dinh tai céc thoi diém khao sat khac
nhau nham danh gia xu huéng bién thién nhiét
trong chu ky ngay dém (Bang 2).

Cubi cung, gradient nhiét d6 dai dién theo
chiéu day tdm bé tong duoc xac dinh tir cac
két qua mo phong (Hinh 5) va tong hop cho
cac trudng hop chiéu day khac nhau (Bang 3).

Céc gia tri nay duogc sur dung lam chi tiéu
khao sat nham phén tich anh hudng cia chiéu
day tam dén dic diém truyén nhiét trong két
cAu mit duong bé tong xi mang [13].

Gradient nhiét d (°C/cm)

1 2 3 a 1 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 MU
Théri diém trong ngay (h)
Hinh 5. Bién thién gradient nhiét d6 trong tam bé
tong xi mang theo thoi gian doi voi cac chieu day
khac nhau

Bang 2: Chénh 1éch nhiét do gitra bé mat va day tam bé tong tai cac thoi diém khao sat

Thoi diém  Thoigian AT (°C)- AT (°C)- AT (°C)- AT (°C)- AT (°C) - AT (°C) -40
(gio) 16 cm 20 cm 24 cm 30 cm 35cm cm
Rang sang 5 -5.17 -6.27 -7.23 -8.33 -8.97 -9.38
Budi sang 9 12.38 12.43 12.08 11.29 10.65 10.11
Giira trua 12 19.77 2227 23.87 25.06 25.36 25.35
Budi chiéu 15 7.18 9.83 12.1 14.64 15.01 16.88
Hoang hon 18 -9.93 9.42 -8.45 -6.72 -5.36 -4.23
Ban dém 22 =773 -8.89 -9.59 -9.95 -9.80 -9.42

Bang 3: Gradient nhiét d6 dai dién theo chiéu day tam bé tong

Chiéu day tim (cm)

Gradient nhiét 16n nhat (°C/m)

Thoi diém xuat hién (gio)

16 124.3 11
20 111.3 12
24 99.4 12
30 83.5 12
35 72.5 13
40 64.0 13
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3.2. Két qua khdo sdt Vé mit quy luat thay dbi cua gradient
Két qua khdo sét s6 cho thdy su truyén 1hiét do trung binh 16n nhat theo chicu day
tam, gidm dan khi chiéu day tam bé tong tang
lén va nguogc lai. Didu nay c6 thé dugc gidi
thich do su khac nhau ctia moé hinh tinh toan,
cling can nhan manh rang, mot mo hinh truyén
nhiét ba chiéu s& phan 4nh dugc chinh xac hon
su truyén nhiét nén mit duong trong thuc té.

nhiét trong tim bé téng xi mang chiu anh
huodng 6 rét cua diéu kién nhiét moi truong
va chiéu day tAm. Truong nhiét trong tim bién
thién theo chiéu day trong chu ky ngay dém,
phan anh dic trung truyén nhiét khong on
dinh cta két cu mit duong bé tong xi ming.

. Céc nghién ctru tiép theo ¢c6 thé md ron
3.3. Thao ludn & p e

) ) . khao sat sb nay bang cach xem xét anh huong

) Phén tich két qua C}}O thay khi chiéu day 15 cac didu kién nhiét moi truong khac nhau
tam tang, xu pudng bién thién cua gradiegt hoic tich hop bai toan truyén nhiét véi phan
nhjét theo chiu day 96 sy thay doi dang k€,  tich co hoc nhdm déanh gid toan dién hon trang
thé hién Yai tro cua yéu t6 hinh hoc trong bai  thai lam viéc cua két ciu mit duong bé tong
toan truyén nhiét. Nhan xet nay phu hop v6i  xi mang. (Bang 4) trinh bay so sanh xu huéng
cac xu huéng da dugc ghi nhan trong mot s gradient nhiét theo chiéu day tAm giita nghién
nghién ctru truéc vé truyén nhiét trong mat  ctu nay va cac cong trinh da cong bd [16 -
dudng bé tong xi mang [14, 15]. 20].

Bang 3: So sanh xu hudng gradient nhiét theo chiéu day tim bé tong xi mang voi mot sé nghién ciru

Phuong phip ) vi chidu day thm Pidu kién nhiét Xu huéng gradient nhiét
khao sat
FEM 3D - 16-40 em Chu ky ngay dém - Grad%ent giam
Code_Aster TP.HCM khi chicu day tang
FEM 20-30 cm Khi hau 6n doi Gradient phu thuoc chiéu day
FEM 20-35 cm Diéu kién Viét Nam  Gradient bién thién theo bé day
Mo hinh sé 15-30 cm Diéu kién chuan Gradient khong tuyén tinh
FEM 3D 18-40 cm Chu ky nhiét ngay dém  Gradient giam theo chiéu day
4. KET LUAN phan tich va thiét ké két cdu mit duong bé
Bai bao di trinh bay mot khao sat s vé  tong xi mang.
su truyén nhiét trong tim bé tong xi ming TAI LIEU THAM KHAO
mat duong 6 t6 bang phuong phap phan tir 1] T, Nishizawa, M. Koyanagawa, Y. Takeuchi,
hiru han. M hinh phan ‘tﬁ’ hf{'u han ba chiéu K. Kubo, and T. Yoshimoto (2017).
dugc xdy dung trén phéan mém Code’_Aster Thermal stress calculation method for
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trong tAm bé tong dudi tac dong cua diéu kién prediction and finite element method
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bién thién theo chiéu day va chiu dnh huéng the Transportation Research Board, 2640,
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Xu huéng bién thién cla gradient nhiét theo [2] Tran N.H. and Pham D.T (2022). Research
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