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Tom tat:

Bai bao trinh bay phuong phap mé phong phan tir hitu han &ng xir ciia tAm mat duong bé tong xi ming do
chénh léch nhiét do gitta mat trén va mit dudi tim. Phuong phap c6 xét dén cac dic trung phirc tap cua bai
toan: Ung xir ba chiéu caa h¢; su hién dién cua cac 16p mong duong; tuong tac tiép XUc giira tam bé téng xi
ming va moéng; su tham gia cua cac thanh truyén luc tai khe ndi giita cac tim. Bé kiém chtng phuong phap,
tac gia sir dung két qua do dac thuc nghiém caa mot nghién ctru da cong bd trude day. Sau do, tac gia &p
dung phuong phap mé phong da trinh bay dé khao sat (g xir ciia tam mat duong bé tong xi ming tai khu
cdng nghiép Pha Hiru, thanh phé Tha Puc.

Tir kh6a: Mit dudng bé téng xi mang, tng suét nhiét, phan tir hitu han.

Abstract:

In this paper, we present a finite element simulation method for the behavior of concrete pavement slabs due
to the temperature gradient between the top and bottom slab surfaces. The method takes the following
characteristics into consideration: three-dimensional behaviors of the system; foundation layers between the
pavement slab and the ground; contact interaction between the pavement slab and the foundation; dowel bars
at the transverse joint of pavement slabs. To verify the simulation method, we use the experimental
measurement results of a previously published study. Then, we apply the simulation method to investigate
the behavior of concrete pavement in Phu Huu industrial zone, Thu Duc city.

Keywords: concrete pavement; thermal stress; finite element method.

1. Giéi thiéu chénh léch nhiét nay lam cho mat trén co lai so
véi mat dudi, nghia la tdm c6 xu huéng ubn
“1dm xubng”. Tuy nhién, su CO mit trén va su
dan mat duai lai bi can tro boi trong lugng ban
than cua tam, tir d6 1am sinh ra Gng suat kéo &
mat trén va tng suat nén ¢ mit dudi tam.

Ngoai chiu tac dung cua tai trong xe, tim mat
duong bé tong xi mang (BTXM) con chiu tac
dung cua su thay doi nhiét 6. Vao ban ngay,
anh nang Mat Troi 1am mat trén tim cé nhiét do
cao hon mat dudi. Su chénh Iéch nhiét nay lam
cho mat trén dén ra so véi mat dudi, nghia 1a Ung suat kéo/nén do tim bi ubn (goi chung
tdm c6 xu huéng uén “phdng 1én”. Tuy nhién, 1a Gng suat udn) c6 do 16n phu thudc vao mic
sy ddn mat trén va su co mat dudi lai bi can tré do chénh léch nhiét gitra mat trén va mat dudi
boi trong lugng ban than cua tim, tir ¢6 lam  tdm, do vay ung suat ubn thay doi theo budi
sinh ra ing suat nén & mit trén va ung suat kéo  trong ngdy va theo mua trong nim. Theo [1],
& mat dudi tim. Nguoc lai, vao ban dém, mat  nhiét do 16n nhat trén bé mat tim BTXM c6 thé
trén tim c6 nhiét do thdp hon mit dudi. Su 1én dén 65°C, nhu vay mirc d6 chénh Iéch nhiét
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gitta hai mat c6 thé 1én dén 20°C - 25°C va sinh
ra (g suit udn nguy hiém trong tam BTXM.

Trong thiét ké mit duong BTXM tai Viét
Nam, @ng suat udn trong tim do chénh léch
nhiét dugc tinh toan chi yéu biang céc phuong
phap giai tich dwa trén Iy thuyét tim dat trén nén
Winkler cua Westergaard [2][3][4]. Do str dung
nhiéu gia thiét don gian héa nén phuong phap
nay chua xét dén céc yéu té quan trong trong
mo hinh tinh, cu thé Ia:;

(i) Ung xur 3 chiéu cua hé;

(ii) Céc 16p moéng duong nam giira tam
BTXM va nén dat;

(iii) Twong tac tiép xUc gitra mat dudi tam
BTXM va l6p mong;

(iv) Su tham gia cua céc thanh truyén luc tai
cac khe ndi gitra cac tim.

Dé xét cac yéu td trén trong tinh toan mit
duong BTXM, chiing ta cd thé tiép can bai toan
bang cach md phong phan tir hitu han (PTHH).
Tuy nhién, trong nudc hién khéng nhiéu nghién
ctru duoc thuc hién theo cach tiép can nay. Mot
trong s6 d6 co nghién cau [5], nhung nghién
ctiu ndy chura xét dén cac 16p mong va twong tac
tiép xdc gitra mong va tim BTXM.

Trong bai bao, tac gia trinh bay phuong phap
md phong PTHH ¢ng xtr cua tim mit duong
BTXM do chénh léch nhiét d6 gitra hai bé mat
tam, trong d6 c6 xét dén cac yéu té mé hinh
quan trong da dé cap. Bé kiém ching phuong
phép, tac gia sir dung két qua do dac thuc
nghiém cua bai bao [6]. Sau do, tac gia ap dung
phuong phap mo phong di trinh bay dé khao sat
g xtr cua tim mit duong BTXM tai khu cong
nghiép Pha Hitu, thanh phé Tha Buc.

2. Phwong phap mé phéng

Ung xir ciia hé mat dwong BTXM duoc mo phong
trén phan mém Abagqus. Pay 1a phan mém PTHH
c6 kha ning mé phong wng suit va bién dang trong
két cau do tac dung cua tai trong va nhiét [7].

Hé mit duong BTXM gdm c6: Tam BTXM,
cac 16p méng, nén dét, thanh thép truyén luc tai
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khe giita cac tim (hinh 1). Mé hinh PTHH cua hé
duoc minh hoa trén hinh 2. Sau day la giai thich
chi tiét cac thanh phan cia mé hinh.

(Mt bang)
== HEBIEM ok ehe doc
47IIII::IIIIIIIII::IIII47
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T° TimBTXM
) Thanh truyén luc  Khe ngang
(Mat cat ngang)
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Nén dat

Hinh 1. Céc thanh phan ciia hé mat duong BTXM.
Tam BTXM duoc gia dinh ¢6 ang xt dan hoi véi
cac tham s6 vat liéu: Module dan hdi (E) hé sb
Poisson (v) va hé s6 dén né do nhiét caa vt liéu
(). Loai PTHH dung cho 16p BTXM la phan ti
lién tyc ba chiéu C3D20RT duoc dung cho phan
tich ung suét, bién dang va nhiét dong thoi. Phan
tir ndy c6 20 nut, trudng chuyén vi bac 2, truong
nhiét bac 1 va dung thuat toan tich phén thu gon
cho néi lyc nat phan e [7][8].

Lop mong duong duoc gia dinh c6 (tng xur vat
ligu dan hoi véi hai tham s6 1a E va v. Loai PTHH

duoc dung 1a phan tir lién tuc ba chiéu C3D20R.
Phan tir nay c6 20 ndt, chuyén vi bac 2 va ding
thuat toan tich phan thu gon [7][8].

Nén dat dudi 16p méng duoc md hinh héa bang
nén Winkler vai cac phan tir 16 xo tuyén tinh, dat
thing ding, phan bé déu sudt bé mat va lam viéc
doc 1ap véi nhau. Nén Winkler dugc dic trung
bang hé sé nén (k).
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(a) M6 hinh "Hard contact"

Ay A
Ung suat
phap tuyén
gitta 2 mat

Khoang ho gitra 2 mat

(b) M6 hinh "Coulomb friction"

AT A © A
Ung suat ti€p
tuyén (truot)

Hé s6 ma sat u

Ung suat phap tuyén

Hinh 3. Ung x tiép xdc gitra tAm BTXM va méng.
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Hinh 4. Phan b nhiét theo chiéu day tam BTXM.

3. Kiém chirng phwong phap mé phéng

Pé kiém chimg phuong phap mé phong, tac gia st
dung két qua thi nghiém do dac chuyén vi trén mat
duong BTXM do nhém nghién ctru Gedafa [6]
thuc hién. Mat duong rong 12.2 m c6 04 lan xe,
gdm 20 lan chinh rong 3.7 m va 02 lan phy & bién
c6 chiéu rong 1.8 m va 3 m. Tam BTXM c6
module dan héi 12 29 GPa; hé sb Poisson 1a 0.15.
Méng va nén duong duoc dic trung bang module
phan luc nén k = 0,0533 MPa/mm. Tai khe ngang
c6 bd tri cac thanh thép truyén luc voi duong kinh
37.5 mm, dai 450 mm va khoang céch gitta cac
thanh 300 mm. Thanh thép truyén luc c6 module
dan hoi va hé s6 Poisson 1a 200 GPa va 0.25. Tam
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BTXM c6 d6 dan nhiét 2.5 W/mPC, nhiét dung
rieng 700 J/kg®C va hé sé dan ng nhiét 0.000009
m/m°C. Chénh léch nhiét gitta mat trén va dudi
tAm duoc khao sét tir 2.3°C dén 15°C.

Hinh 5 trinh bay md hinh PTHH cua hé dugc
xay dung theo phuong phap trong phan 2. Tam
BTXM sir dung phan tor C3D20RT. Kich thudc
phan tir 1a 45x100x75 mm tai ving gan khe néi
ngang va 125x100x75mm tai c&c vi tri con lai. Ap
dung tinh chat dbi xung cua hé theo phuong doc
tuyén (phuong X), chi can md phong mot nua
chiéu dai cia mdi tam va str dung diéu kién bién
chdng chuyén vi theo phuong X tai cac mit phang
ddi ximg.



Mb& phdng trng x cla tAm méat duwdng bé tdng xi méng (dwéng 6 t6) do chénh léch nhiét do gitra hai b& mét tAm

Mat phang doi xiang

Y%, e
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%

Mat phing doi xing

Hinh 5. M6 hinh PTHH cho bai toan kiém chung.
Hinh 6 trinh bay két qua truong chuyén vi md phong bang PTHH cho truong hop chénh léch nhiét 15°C

gitra mit trén va dudi tim BTXM.

Chuyén vi U, (m)
+4.550e-04
+3.104e-04
+1.658e-04
+2.122e-04
-1.234e-05
-2.680e-04
-4.126e-04
-5.572e-04
— -7.018e-04
-8.464e-04
-9.910e-04
-1.136e-03
-1.280e-03

V1 tri chuyén vi lon nhat

Hinh 6. Trudng chuyén vi cua tim BTXM do chénh léch nhiét 6 15°C.

Hinh 7 trinh bay két qua chuyén vi theo phuong
thang dung tai vi tri gita tim BTXM vai pham vi
chénh léch nhiét do tir 2.3°C dén 15°C. Két qua do
dac ctia nhom Gedafa [6] cling duoc trinh bay trén

hinh. So sanh hai két qua cho thay chuyén vi mat
duong tir md phong PTHH phal hop véi chuyén vi
tr do dac thuc nghiém, vé6i sai trung binh chi
khoang 0.03 mm.

0.6 . . .
05+t | @ Mobphong PTHH
—W¥— Do dac thyc nghiém [6]
Eo04r

<
—
T

0 1 1 1
0 2 4 6

8 10 12 14 16

Chénh Iéch nhiét (d6 C)
Hinh 7. So sanh chuyén vi ctia tim BTXM giita do dac thuc nghiém [6] va md phong PTHH.
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4. Khao sat &rng xir mat dwong BTXM do chénh léch nhiét d¢

Téc gia khao sat phan doan hai tim trong hé mat dudng BTXM néi tir dudng Nguyén Duy Trinh vao khu
c6ng nghiép Phi Hiru, thanh phé Thu Bic, Thanh phé H6 Chi Minh (hinh 8).

a) Mat cat doc qua 2 tam
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b) Mat cat ngang tam
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Hinh 8. Phan doan hai tim mat duong BTXM.

Mbi tim BTXM c6 kich thuéc 3.5 m x 5.0 m x
0.24 m va hai tim duoc ngan cich boi khe noi
ngang. Tam duoc dat trén cAc 16p mong va duoc
phan cach bang 16p gidy dau. Lép mong trén day
0.18 m va c6 két cdu da dam gia c¢b xi mang. Lop
moéng dudi day 0.3 m va co két chu d4 dam. Khe

ngang gitta hai tim BTXM c6 céc thanh thép
truyén lyc voi duong kinh 32 mm, dai 50 cm va
duoc bé tri & gitta chiéu day cua tam. Bang 1 liét
ké cac tham s6 vat liéu cia tim BTXM, I6p mong
trén, 16p moéng dudi va thanh truyén hre. Dudi lop
mong la nén dat cd hé sé nén k = 49 MPa/m.

Bang 1. Tham sé vat liéu.

Tham s6 TAMBTXM  Mongtrén  Moéng duéi  Thanh truyén luc
Khéi luong riéng (kg/m?) 2400 2200 2200 7850
Hé sé dan né nhiét (mm/mmPC) 1x10° - - -
Module dan hdi (MPa) 33000 7000 250 210000
Hé sb Poisson 0.15 0.20 0.30 0.3

4.1. M6 hinh PTHH

Tac gia su dung phuong phap da trinh bay trong
phan 2 dé xay dung md hinh PTHH (hinh 9). Phan
tor khéi C3D20RT dugc dung cho 16p BTXM,
phan tir khéi C3D20R duoc dung cho I6p méng
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trén va mong dudi, phan tr dam B32 duoc dung
cho cac thanh thép truyén luc gitra cac tim
BTXM. M6 hinh c6 tong cong 5568 phan tir
C3D20RT, 6960 phan tir C3D20R va 110 phan tir
B32.
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BSn mat xung quanh cua hai 16p méng st dung
diéu kién bién chong chuyén vi theo phuong
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Hinh 10. Ung suét uén trong tim BTXM khi AT =22.08°C.
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Chuyén vi Uy (m)
+2.035e-03
+1.793e-03
+1.552e-03
+1.310e-03
+1.068e-03
+8.259¢e-04
+5.840e-04
+3.421e-04
+1.002e-04
-1.416e-04
-3.835e-04
-6.254e-04
-8.673e-04

Hinh 11. Chuyén vi tam BTXM khi 4T = 22.08°C.

Pé hiéu rd hon anh huong caa chénh léch nhiét do
dén ung suét kéo trong tim BTXM, tac gia da mo
phong mét sé truong hop véi chénh léch nhiét do
trong khoang tir 5°C dén 25°C. Hinh 12 trinh bay

két qua ung suat kéo 16n nhét trong tim BTXM tir
cac trudng hop md phong. Két qua cho thiy su
chénh léch nhiét gitra hai mat cang lon, tng suét
kéo 16n nhat sinh ra trong tAm cang ting.

25 T T T T T
= _
0
A4
E 1} Truong hop il
@ AT =22.08°C
&
DS 051 1
0 1 1 1 1 1
0 9 10 15 20 25 30

Chénh léch nhiét (do C)

Hinh 12. Ung suat kéo 16n nhat trong tam BTXM

4.3. Anh huwéng ciaa phan bé nhiét theo chiéu

day tim

Theo [2][3], nhiét d6 duoc gia dinh phan bd tuyén

tinh theo chiéu day tim BTXM (hinh 13a). Tuy
a) Tuye‘n tinh

T

trén

Chiéu day tam BTXM
—

nhién, nghién ctu thuc nghiém [10] cho thay nhiét
d6 phan b phi tuyén theo chiéu day tim va c6 thé
dugc Xap Xi nhu trén hinh 13b.

b) Phi tuyén
i

trén

gilra

Chiéu day tam BTXM
=

Tdudi
Tnén'Tdu(Ji

Toiza= Taueit 5

gitta”

Hinh 13. Phan bé nhiét theo chiéu day tam.
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Pé thdy duoc anh huong caa kiéu phan bé nhiét
dén ung xtr cua hé hai tim BTXM dang khao sét,
tac gia ¢ mo phong mot s6 trudng hop dé so sénh
va hinh 14 trinh bay két qua thu dwoc. Két qua cho

thdy c6 su chénh léch vé ng suat kéo I6n nhat
trong tim BTXM giita hai truong hop phan bd
nhiét. Chénh léch tng suat ting khi chénh léch
nhiét AT cang lon.
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Chénh 1éch nhiét (do C)
Hinh 14. Ung suét kéo 16n nhat trong tim BTXM trong 2 truong hop phan bé nhiét.

Hinh 15 trinh bay két qua phan bb tng suat un
theo chiéu day tam BTXM (tai viing giira canh doc
tam) cho truong hop AT = 22.08°C. Két qua cho
thdy ing suat kéo 16n nhat xuat hién tai day tim

0

(vi tri 24 cm). Truong hop phan bé nhiét tuyén
tinh cho gia tri tng suat kéo 1.998 MPa, trong khi
truong hop phan bd nhiét phi tuyén cho gia tri tng
suét kéo 1.373 MPa (chénh léch 0.615 MPa).

—e— Nhiét phan bd tuyén tinh
—— Nhiét phan b phi tuyén

Do sdu theo chiéu day tim (cm)

-2 -1

0 1

Ung suat (MPa)

Hinh 15. Phan b tng suat udn theo chiéu day tim tai vj tri gitta canh doc tim BTXM (4T = 22.08°C).

5. Két luan

Bai bdo da trinh bay phuong phap mé phong
PTHH Gng xir cua tim mat duong BTXM do
chénh léch nhiét do. Phuong phap co xét dén
cac yéu t6 phirc tap trong mé hinh: Ung xt ba
chiéu cua hé; su hién dién cua cac 165p mong
duong; twong tac tiép xdc gitra tim bé tong xi
mang va moéng; sy tham gia cua cac thanh
truyén lyc tai khe ndi gitra cac tim. Két qua
kiém chimg cho thdy chuyén vi mat duong mo
phong bang PTHH phu hop véi chuyén vi do dac
thuc nghiém cua nghién ctru [6], qua d6 chung té
duoc do tin cay cua phuong phap dugc trinh bay.
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Két qua khao sat phan doan hai tim trong hé
mat duong BTXM tai khu céng nghiép Pha Hau,
thanh phé Thu Buc cho thay:

e Chénh léch nhiét do gitra hai bé mat tam lam
cho tim BTXM bj ubn vong. Chuyén vi duong 16n
nhét xuat hién & vi tri giita tim va chuyén vi am
I6n nhat & xuat hién ¢ cac vi tri goc tim;

e V6i gia tri gradient nhiét do Ién nhat
0.92°C/cm ciia khu vyc mién Nam, tim day 0.24
m c6 thé chiu chuyén vi udn vong 1én 2.035 mm
tai vi tri gitra tim va chiu tng suat kéo 16n nhit
1.988 MPa tai vi tri mép tam. Sy chénh léch nhiét
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cang Ién thi ang suat kéo 16n nhat sinh ra trong
tAm BTXM céing ting;

e Viéc xét phan bd nhiét tuyén tinh hozc phi
tuyén c6 anh hudng dén két qua tinh toan ung suat
udn trong tim BTXM. Truong hop phan bé nhiét
phi tuyén cho ra ting suat nén 16n hon va tmg suat
kéo nho hon so véi truong hop phan bd nhiét
tuyén tinh. Khoang chénh léch nhiét gitra hai mat
tAm cang I6n, chéch léch tng suat gitra hai truong
hop phan bé nhiét do cang lon.
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