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Abstract. Temperature is one of the important reasons causing the cracks on the bridge
structure. This paper presents an overview of the short-term monitoring of the temperature
variations on concrete box-girder bridges in Vietnam. The monitoring works have just been
conducted at the service stage in a period of over six months. Based on the field
measurements on three box-girder bridges, the heat flux and temperature-induced stresses of
the concrete box girder sections were simulated utilizing the finite element method. It can be
concluded that the temperature distribution under solar radiation and the thermal load
significantly affect bridges structures, which have not been considered in the current bridge
design standards. In detail, for the box-girder bridge, the positive temperature gradients were
displayed in both vertical and horizontal directions. The negative temperature gradients were
also shown in all directions of the girder sections. It can be found that the temperature-
induced tension stresses in the slabs and webs of sections are larger than ones induced by live
load, leading to cracks on the concrete.
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Tom tit. Bién dang cudng buc do chénh léch nhiét do 1a mot trong nhitng nguyén nhan
thudng gay ra nat cho két ciu bé tong cua cong trinh ciu. Bai bao trinh bay mot so két qua
quan tric thyuc dia su bién thién nhiét d6 trong bé tdng cua mot sé dam cau dang hop kin bang
bé tong cot thép trong giai doan khai thac ¢ Viét Nam. Duya trén céc ket qua quan trac nay,
mot so tinh toan md phong tac dong cua su bién thién nhiét o 1&n dam ciu ciing da duoc thyc
hién. Mic du cac két qua nay méi 1a budc dau do thoi gian quan tric chua dai nhung ching
cling da phan anh dugc mot s6 tac dong cua nhiét do Ién cong trinh cau ma tiéu chuan thiét ké
chua xét dén. Cu thé 13, trong cac cau dam hop, gradient nhi¢t duong xuat hién ca theo
phuong dimg va phuong ngang. Gradient nhiét am ciing xudt hién trén tat ca cac mit cua cau.
Trén ban nap va thanh cau, ing suat do gradient nhiét cé thé Ién hon tng suat do hoat tai gay
ra va co thé gay nut bé tong dam cau.

Tir khoa: quan tric, md phong, bién thién nhiét do, birc xa mat troi, dam hop, bé tong cdt
thép.
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1. PAT VAN PE

Bén canh cac tac dong co hoc, cdng trinh cau con chiu cac tic dong méi truong khac ma
trong sé do, nhiét dwoc coi la rat dang ké. Nam 1977, Leonhardt [1] d3 chi ra ring, “nhiét do
dong vai trd quan trong trong viéc gay tng suat nhiéu hon mac ma hau hét cac ky su van
quan niém”. Theo Leonhardt, khéng khi bi “nhdt” trong long cac dam hop kin c6 thé gay ra
su chénh léch nhiét d6 16n giita bén trong va bén ngoai dam va di cung 1a wng suat kéo lon.

Viéc nghién ciru tac dong nhiét 1&n cac cong trinh cau, trong d6 c6 cau dam hop, di duoc
nhiéu nha khoa hoc trén thé gisi thuc hién [2]. Khéc véi cac cau co mat cit dam dang hé, noi
su thay d6i nhiét do hau nhu chi xay ra chu yéu theo phuong ding, & cdu dam hop, su thay
d6i nhiét do con c6 ¢ ca phuong ngang. Hejnic [3] 13 ngudi dau tién do dac va cong bd két
qua do nhiét d6 do birc xa nghiéng cua mat troi trén thanh hop cia mot cau 16n. Tac gia da
xac dinh dugc sy chénh léch nhiét do & bé mit va ¢ do sau 500 mm la 10°C, va bang tinh
toan, Gng suat phét sinh tuong tng 1a 3,25 MPa. Két qua do dac cua Abid et al. [4] trong 1
doan dam thi nghiém c6 mat cat hinh hop c6 kich thudc gan bang kich thudc mit cat trén két
cau dam thuc do tac dong cua birc xa mat troi tai Gaziantep (Tho Nhi Ky) cho thay, gradient
nhiét 16n nhét theo phuong ding 1a 20°C xay ra vao thang 6, gradient nhiét I6n nhit theo
phuong ngang 13 19°C xay ra vao thang 12. Nghién cau cua Gu et al. [5] ciing cho thay, dudi
tac dong cua cac song lanh, chénh léch nhiét d6 theo phuong ngang trén cac thanh dam cé thé
dén gan 10°C. Kehlbeck [6] da gigi thiéu md hinh tinh toan buc xa mit troi tac dong 1én cong
trinh cau theo toa do trén mat dat va thoi gian bat ky. Mo hinh nay da dugc Elbadry et al. [7],
Yao Lu et al. [8] tiép tuc phat trién.

Trong Tiéu chuan thiét ké cau hién thoi cua Viét Nam, tiéu chuan TCVN 11823:2017
[12], tac dong nhiét 1én cong trinh cau duoc chia thanh 2 phan: tac dong nhiét thay doi déu va
tac dong nhiét thay doi trén mat cat (gradient nhiét). O tiéu chuan nay, gradient nhiét chi duoc
xem xét theo phuong ding. Tuy nhién, d& thay rang, mé hinh nay chi phd hop voi cac mat cat
dam cau dang ho.

Nham muc dich xac dinh su bién thién nhiét do trong bé téng trén mot sé cau dam hop bé
téng cot thép & Viét Nam, mot nghién ctu véi 2 ndi dung chinh 1a quan trac thuc dia va tinh
toan mo phong dd dugc thuc hién. Trong nghién ciu quan tric, cac cam bién do nhiét do da
dugc gan 18n bé tong dam cua 3 cau ¢ cac vi tri ddc trung, cho phép xac dinh su bién thién
nhiét do trong giai doan khai théac tai cac vi tri d6. Cac cau duoc lya chon tng vai cac ving
khi hau xay dung khéc nhau ctua nudc ta. Véi viéc tng dung cac thiét bi do dac hién dai cing
cong nghé dién toan dam may voi tan suat doc dir liéu rat nho, hé thdng quan tric dam bao
ghi lai rat chinh xéc su bién thién nhiét do trén cac cau. Nghién ciu mé phong tinh toan theo
phuong ngang tng suat do nhiét do gay ra tai cac vi tri trén mat cit ngang cau. Bai bao nay
trinh bay mot s6 két qua quan trac va tinh toan mé phong tir nghién ciu trén.

2. QUAN TRAC NHIET PQ TREN MQT SO CAU DAM HQP BE TONG COT THEP

2.1. Phuong phap va thiét bi quan tric

Can cr vao sy phan ving khi hau xay dung theo Quy chuan xay dung cua nudce ta [13], 3
cdng trinh cau c6 mat cat dang hop 16n, duoc thi cong theo céng nghé duc hing, di dugc lra
chon dé Iap dat thiét bi do nhiét 6. Trong d6, 1 cong trinh ciu nam & ving trung du mién Béc
thugc vang khi hau 1-B (cau Vinh Thinh, Ha Noi), 1 cau nam & Bic mién Trung (cau Quén
Hau, Quang Binh), thudc vung khi hau I-D va 1 cau nim & khu vyc Nam Bo (ciu Go Ging,
Ba Ria Viing Tau), thuoc ving khi hau 11-C. Hon nira, cac cau con duoc lya chon sao cho
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ching c6 phuong trén mat biang khac nhau dol Vi quy dao cua mét troi. Cu thé 12 cdu Vinh
Thinh ¢6 phuong gan véi truc Bac — Nam, cau Go Gang c6 phuong gan voéi truc Dong — Tay,
va cau Quén Hau co phuong theo truc Tay Bic — Pong Nam. Diéu nay gilp khao sat duoc
anh huong cua birc xa mat troi 18n thanh cau mot cach rd rang nhat.

Tai mdi cau, hai mat cat duoc lua chon dé bd tri cam bién nhiét do, bao gom mit cat mat
Cat gan tru (ky hiéu: mat Cat I-1) véi chiéu cao clng chleu day cua cac b phan déu 16n va mat

cit gan gitra nhip (mat cat 11-11) vai chidu cao mit cit va chiéu day cua cac bo phan déu nho
hon (Hinh 1).

r\ ‘l I —

L [ | L [ |

Hinh 1. So dd lua chon mit cét b tri cam bién trén cau.

Tai tirng mat cat, cac cam bién duoc bd tri & cac 7 vi tri trén ban nap, ban thanh, ban day
va ban canh hing nhu dugc thé hién trén Hinh 2. G mdi vi tri, c6 3 cam bién duoc lap dit. Do
mat trong caa dam hop nhiét do néi chung it thay ddi hon so vi mat ngoai va theo cac két
qua do dac duoc néu trong [2], nhiét do bé tong thay dbi nhidu ¢ gan bé mat ngoai nén, tai
tung vi tri, 2 cam bién dugc bd tri gan bé mat va cam bién thir 3 dugc vu tién dat gan cam
bién mat ngoai. Ngoai cac cam bién gan vao bé tong, tai mdi mat cat con ¢o 1 cam bién do
nhiét do cua khong khi trong 10ng cau va trén ting cau c¢6 1 cam bién do nhiét do khdng khi
Ngoai cau.
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Hinh 2. So d bé tri cam bién trén cac mit cit I-1 cua cau Vinh Thinh.

Cam bién do nhiét d6 I1a thermocouple loai K v&i mirc d6 chinh xac 12 0,5°C. Tan suét lay
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s6 liéu 1a 5 phat. Dir liéu dugc chuyén 1&n may chi theo cong nghé dién toan dam may thong
qua mang internet 4G. V6i cach do va quan ly di liéu nay, thong tin vé nhiét do trong bé tong
cau duoc thu thap gan nhu theo thoi gian thyc. Tir may chi, s6 liéu 6 thé dugce doc va phan
tich truc tuyén hay chuyen vé céc may tram ¢ dang cac tép tin c6 dinh dang pho théng. Cac hé
thdng do da dugc kiém dinh hop chuan. Hinh 3 minh hoa cach sap xép cam bién tai timng vi tri
cling nhu trén ca mat Cit cau.

a)

Hinh 3. a. Sap xép cam bién dé chon vao bé tong, b. B4 tri hé thong quan trac nhiét do trén cau, c.
Mach thu nhan dir liéu.

2.2. Mét sé két qua quan tric dién hinh

Hinh 4 va Hinh 5 lan luot thé hién su thay ddi nhiét do o thanh phia Tay va ban mat cau
ctia cau Vinh Thinh trong khoang thoi gian 6 thang (tir thang 08.2021 dén 01.2022). Nhiét do
trung binh do duoc trong thoi gian mia heé trén cau nay la khoang 33 d6 va & mua dong 1a
khoang 23 d¢.
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Mat trén  —— Mat dwéi
45
40
35
G
-
=
« 25
s |
-
o
S 20
15
10
- - - - - - - - o~ o~
™~ o o (o] (o] [} (=) (=) o o
o o o o o =] o =} (=] =]
~ X I ~ ~ ~ ~ ~ S ~
=] o0 L=y f=] f=] — ~ ~ - ™~
S S S = = = — — ) ]
~ ~ w0 w w wy [Ta) [Ta] < o
o ~ - o ~ - o ~ — o
Thei gian

Hinh 4. Sy bién thién nhiét d6 & gan mit bé tong cta ban nap cau Vinh Thinh.
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Nhiét dd trén thanh cau
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Hinh 5. Sy bién thién nhiét d6 & mat ngoai va mat trong cua thanh phia Tay, ciu Vinh Thinh.
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Hinh 6. Bién thién nhiét do trong ngay & ban nap, cau Vinh Thinh.

Hinh 6, Hinh 7 va Hinh 8 minh hoa chi tiét sy thay d6i nhiét 6 dién hinh trong ngay mua
hé ¢ ban miat cau, thanh phia Ty va thanh phia Pong cia ciu Vinh Thinh. Do thoi gian tiép
nhan bac xa mat troi dai va cudng do bic xa thay dbi déu dan nén, néi chung, su thay doi
nhiét d6 trén mat cau ciing déu dan. Nho cd 16p bé tdng nhwa nén nhiét do tai cac diém do
trén mat cau ciing thay doi tuong ddi dong pha va do chénh léch gitra trén va dudi khong qua
I6n. Trong khi d6, ¢ thanh cau, sy bién thién nhiét do trong ngay ¢ mat ngoai va mat trong c6
d6 chénh léch kha 1on. Nhiét d6 mat ngoai thay ddi gitra ngay va dém dén hon 11°C trong khi
nhiét d6 mat trong chi thay di trong khoang dudi 2°C va véi do tré kha 16n so voi mit ngoai.
Diéu nay tao ra cac gradient nhiét I6n trén thanh cau. Thanh cau phia mat troi lan tiép nhan
birc xa mot cach dot ngot ¢ thoi diém dau budi chidu véi cudong d6 buc xa 16n nén nhiét do
cling thay doi manh. Nguoc lai, thanh phia mat trdi moc lai mat bac xa tai gan trwa nén nhiét
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do giam nhanh sau thoi diém d6. Co thé thay rang, tan suét lay dir liéu rat nho (5 phit) & hé
thong nay da gop phan thu nhan chinh xac su bién dong nhiét @6 nhanh chong nay. Ban day,
do khéng chiu tac dong truc tiep cua bic xa mat troi nén nhiét do it thay doi.
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Hinh 7. Bién thién nhiét do trong ngay & thanh phia T4y, cau Vinh Thinh.
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Hinh 8. Bién thién nhiét do trong ngay & thanh phia Péng, ciu Vinh Thinh.

Sy bién thién nhiét d6 tuong ty ciing quan sat dugC & cac cau Quan Hau va Go Gang. Tuy
nhién, tuy thudc vao vi do va phuong cua CAU Ma gid tri cua su thay d6i nhiét do trén ching
cling khac nhau. O cau Quan Hau, chénh léch nhiét do ¢ mat ngodi va mit trong cua thanh
cau vao budi chiéu co thé dén gan 16°C. Ban day cua ciu Quan Hau ciing thé hién muc do
chénh léch giam nhiét do (gradient nhiét &m) gitra mat duéi va mat trén 16n nhat. Hinh 9 minh
hoa sy bién thién nhiét d6 ¢ ban day cua dim cau Quan Hau trong ngay nhiét do moi trudng
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giam. O déy, nhiét d6 bé tong & mit dudi cua ban day thip hon & mit trong dén 4,4° C.

29
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Hinh 9. Bién thién nhiét d6 trong ngay ¢ ban day cau Quan Hau, trong ngay c6 nhiét do moéi trudng
giam.

Hinh 10 minh hoa su bién thién nhiét d6 trong thanh cua cau C, nam theo huéng Pong —
Tay. Trong mua he, thanh cau dugc ban mat cau che gan hét bic xa mat troi nhung vé mua
Péng, do mit troi 1éch vé hudng Nam nén thanh cau phia Nam sé& tiép nhan nhiéu birc xa mat
troi vao luc mat troi moc va lac mat troi lan. Tuwong wng, nhiét do mat ngoai nhitng lac do
ciing cao hon so vé6i nhiét d6 vao budi trua.

41
39

37

Nhiét d6 (a6 )
w w
o &

w
et

29

27

25

31.12.21 00:00
31.12.2101:00
31.12.2102:00
31.12.21 03:00
31.12.21 04:00
31.12.21 05:00
31.12.21 06:00
31.12.2107:00
31.12.21 08:00
31.12.2109:00
31.12.2110:00
31.12.2111:00
31.12.2112:00
31.12.2113:00
31.12.2114:00
31.12.2115:00
31.12.2116:00
31.12.2117:00
31.12.2118:00
31.12.2119:00
31.12.21 20:00
31.12.2121:00
31.12.2122:00
31.12.2123:00

DIEMO7 == = =DIEM08 === Diém

(=]
[v]

Hinh 10. Bién thién nhiét do trong ngay trén thanh dim phia Nam cta ciu Go Gang nam theo phuong
bong — Tay.

Dua trén cac két qua quan tric nhu trén, gradient nhiét (twong quan giita gia tri & mat
ngoai va mat trong) trén cac vi tri dam da duoc lap thanh bang (Bang 1, 2 va 3).
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Bang 1. Gradient nhiét tai mot s6 vi tri trén cau Vinh Thinh.

Ban nap
Gradient nhiét duong 6,3
Gradient nhiét &m -19
Thanh phia Tay
Gradient nhiét duong 8,8
Gradient nhiét am -4.4
Thanh phia Pong
Gradient nhiét duong 9,3
Gradient nhiét am -5,0
Ban day
Gradient nhiét duong 4,9
Gradient nhiét am -39
Bang 2. Gradient nhiét tai mot s vi tri trén cau Quan Hau.
Ban nap
Gradient nhiét duong 10,1
Gradient nhiét am -45
Thanh phia Tay
Gradient nhiét duong 15,5
Gradient nhiét am -4.4
Thanh phia Pong
Gradient nhiét duong 3,5
Gradient nhiét am -48
Ban day
Gradient nhiét duong 2,3
Gradient nhiét am -4.4
Bang 3. Gradient nhiét tai mot s6 vj tri trén cau C.
Ban niap
Gradient nhiét duong 8,3
Gradient nhiét &m -3,0
Thanh phia Nam
Gradient nhiét duong 9,2
Gradient nhiét am -48
Thanh phia Bac
Gradient nhiét duong 1,4
Gradient nhiét am -39
Bén day
Gradient nhiét duong 1,1
Gradient nhiét am -34

Céc Hinh 11, Hinh 12 va Hinh 13 the hién céc gradient nhiét dien hinh trén céc cau da
dugc quan trac. bay mai la cac két qua phan tich budce dau v6i thoi gian quan tric twong doi
ngan. Tuy vay c6 thé thdy ring, trén cac cau dim hop cd xuat hién céc gradient nhiét Ion trén
thanh cling nhu gradient nhiét &m & ban day 1a nhimng dai lugng chua duoc xét dén trong tiéu
chuan thiét ké cau hién nay. Cac gia tri gradient nhiét quan tric duoc ¢ day ciing kha phu hop
Véi cac gia tri dugc néu trong [3] va [4].
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Hinh 11. Gradient nhiét duong (T+) va Gradient nhiét am (T-) trén ban nap.
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Hinh 12. Gradient nhiét duong (T+) va Gradient nhiét &m (T-) trén ban day.
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Hinh 13. Gradient nhiét duong (T+) va Gradient nhiét &m (T-) trén thanh.

3. TINH TOAN UNG SUAT DO GRADIENT NHIET GAY RA TREN MAT CAT
DAM THEO PHUONG NGANG

Khi xem xét ¢ bai todn phang, ang suat tai cac vi tri trén mat cat dam do sy bién thién
nhiét & trén da dugc tinh toan vai viéc sir dung phan mém phan tir hitu han Comsol
Multiphysic [9]. Phan mém nay cho phép xac dinh ung suat do nhiét d6 gay ra theo dang
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Bang 4. Pay la cac gia tri thdng dung cua bé tong duoc st dung trong két cau.

Nhigt dé (dé C)
T

m

k- -

2+ 4

5 " ” 2 o 2 2 s 5 m
Hinh 14. Biéu d6 phan bé nhiét d6 trén mat cat ngang cau & thoi diém khoang 17:00.
Ung suét (MPa)

m T T T T
7.5F

s
6.5
6
55F
5k
4.5F
a4k
3.5F
3k
2.5F
2F
15F
1k
0.5F
0OF
0.5k
A1k
-1.5 1 L L 1 1 1 1 L L

T TN T N T T TN TR TR T T N N T T T_—

Hinh 15. Biéu do tng suat trong mat cit do chi nhiét o gy ra trén mat cat.
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m T T T T T T T T
8l -
7+ - 40

truong nhiét 6n dinh (nhiét do tai cac bién duoc gitr khong ddi) hoic theo dang trudng nhiét
khong 6n dinh (nhiét do tai cac bién thay ddi theo thoi gian wng véi cac gia tri do dac). Viéc
moé phong duoc thuc hién véi mod hinh két hgp Co hoc vat ran (Solid Mechanics) va Truyén
nhiét trong vat ran (Thermal Transfer in Solid). Biéu kién bién nhiét do tai cac vi tri trén mat
cit dugc gan Vai cac gid tri thuc do dwoc. Dang phan tir hitu han duoc phan mém Comsol lya
chon téi wu cho dang bai todn két hop & trén (Phan tu tam giac phang bac 2). Céac tham sé vat
liéu can thiét cua bé tong duoc sir dung trong md hinh tinh todn dwoc trinh bay & Hinh 14 thé
hién su phan bd nhiét do trén mat cat dam & thoi diém khoang 17:00 ¢ng véi cac gia
d6 do trén mat cit gan gbi cua cau Vinh Thinh. Lic ndy, nhiét d6 ¢ mat trén caa ban nip va
mat ngoai caa thanh phia nhan birc xa mit troi déu o gia tri 1on. Biéu d6 tng suét trong mat
phang chi do nhiét d6 cua mat cat dam twong tng & thoi diém nay dwoc thé hién trén Hinh 15.
Khi xét ca tinh tai, biéu dd (ng suat dugc thé hién trén Hinh 16.

tri nhiét
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32

MPa
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Ung suat (MPa)

m T T T T T T T T T
75k | MPa
7k -
6.5} R 3
6+ - - = -
5.5} 1 2.5
5| .
a5t i 2
4} J
3.5+ R
3l | 1.5
2.5+ A
2 3,22 MPa ; ] M
1k . 0.5
0.5) 4
ar 1 0
-0.5¢ .
A1+ -
1 1 1 1 1 1 1 1 1

-8 -6 -4 -2 0 2 4 6 8 m
Hinh 16. Biéu d6 wng suét trong mat cat do nhiét 6 va tinh tai gay ra trén mat cat.

Hinh 14 thé hién sy phan b nhiét do trén mat cat dam ¢ thoi diém khoang 17:00 tng véi
cac gia tri nhiét d6 do trén mat cat gan goi cua cau Vinh Thinh. Lac nay, nhiét d6 & mat trén
cua ban nap va mat ngoai cua thanh phia nhan bac xa mat troi déu co6 gia tri Ion. Biéu do tng
suat trong mat phang chi do nhiét do cua mat cat dam tuong tng ¢ thoi diém nay duoc thé
hién trén Hinh 15. Khi xét ca tinh tai, biéu do (ng suat dugc thé hién trén Hinh 16.

Bang 4. Cac tham sé vt liéu cua bé tong duoc sir dung trong md hinh Comsol Multiphysic.

M dun dan hoi 30.000 MPa
Khoi lwgng riéng 24.000 kg/m®
Hé so poisson 0,2
Hé so gian né nhiét 10-10e-6 [11]
Hé s6 dan nhiét 1,8 W/(m-K) [10]
Ung suit (MPa) )
4.5 -
3
4 _
35+ 4 I
2.5
3 . E
25r -"_'____"--_____‘__
— 2
2 2,30 MPa/'
1.5F s
1 3,35 MPa —,
0.5k
1
0 .
'0.5 -
0.5
.1 o
1.5F
3 0

Hinh 17. Ung suat do nhiét &6 gay ra trén mat cat gidra nhip.
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Céc biéu dd twong ty cho mit cit gitra nhip duoc thé hién trén cac Hinh 17 va Hinh 18.
C6 thé thay rang, tng suat kéo tai mat duéi cua ban nap va mit trong cua thanh dam déu cé
gia tri khéa lon. Céc gié tri (mg suit nay ciing kha gan véi cac gid tri duoc cong bd trong [1] va
[3]. Theo hd so thiét ké, cudng d6 chiu nén caa bé tdng & cac cau dam hop nhip I6n hién nay
thudng nam trong khoang 45 MPa dén 50 MPa va cuong do chiu kéo doc truc, twong ung,
khoang tir 2,3 MPa dén 2,5 MPa. Nhu vay cé4c gié tri ang suét do nhiét d6 gdy ra nhu duoc
tinh toan & day c6 thé vuot qua cudng do chiu kéo cua bé tong dam.

Ung suit (MPa)
:

m
5k

- T r T T T T T

4.5F 1 3
ak 4

35F 1 2.5

3k
251
2_

2,70 MPE

1.5F
1+
0.5+
ok
0.5+ 4 0.5

30MPa —

Ak
1.5F - 0
2k

Hinh 18. Ung suat do nhiét do va tinh tai gay ra trén mit cit gitra nhip.

Ung suét theo phuong ngang trén‘mejt cit ngang do nhiét do gay ra ciing 16n hon &ng suét
tuong ung do hoat tai gy ra vdi so do xep tai dugc mo ta trén Hinh 19. Trén hinh nay, w mo
ta tai trong lan va P ma td tai trong banh xe. Khi xét dén gradient nhi€t am vei cac gia tri da
quan trac dugc, tng suit kéo xuat hién & mit ngoai cua thanh dam va mat trén cua ban nip
(Hinh 20 va Hinh 21). Cac gia tri nay, néi chung, déu khong vuot qua cudng d6 chiu kéo cua
bé tbng dam thong thuong.

w =3kN/m I I
P=145/2 kN 1,8m 1,2m| 1,8m 1,2m 1,8m i

&
< >
y

v

v v v ¥

Hinh 19. So db xép tai va két qua tinh (ng suat do hoat tai trén mat cat ngang.
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Hinh 21. Ung suat do gradient nhiét am gay ra trén mat cat gan goi.
4. KET LUAN

thue hién trong mot khoang thoi gian chwa dai nhung céc két qua bude dau da cho thay:

w
T

w
T

N
T

-
T

Tap chi Khoa hoc Giao thong van tai, Tap 73, S6 3 (04/2022), 253-267

Nhiét do(do C)
.

L

L L L L L A L
6 -4 -2 0 2 4 6

Hinh 20. Biéu d6 nhiét d6 gay gradient nhiét &m trén mat cat gan goi.

Ung sudt (MPa)
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24

0.8
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0.2
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Mic du viéc quan tric nhiét d6 trén mot s6 cau dam bé tdng cdt thép dang hop méi duoc

Trong céc cau dam hop, gradient nhiét dwong 16n cd thé xut hién ca theo phuong dung,
ma chu yéu 12 & ban mat cau, va theo phuong ngang trén thanh cau. Trong thoi gian quan
tric, gradient nhiét duong trén ban nip 1a 10° C nho hon cac gia tri dugc néu trong tiéu
chuan thiét ké 1a 23° C. Gia trj gradient nhiét dwong 16n nhat trén thanh cau la 14° C. Gia
tri nay, tuy vdy, chua dugc xem xét trong tiéu chuan thiét ké.
Ung suat do gradient nhiét dwong, khi phan tich theo phuong ngang cau, & mat dudi cua
ban nap va mit trong caa thanh dam Ién hon @ng suat do hoat tai giy ra va vuot qué
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cuong do chiu kéo cua bé téng.

= Hudng cua cau c6 anh huong rd rét dén gradient nhiét theo phuong ngang trén thanh cau.
Cau c6 hudng Tay Biac — Pong Nam c6 gradient theo nhiét phwong ngang trén thanh cau
phia Tay Nam 16n nhat do, ¢ d6, mit troi budi chiéu chiéu gan nhu vudng goc vé6i thanh
cau. Cau c6 huéng Pong — Tay ¢ khu vuc Nam B van co gradient nhiét Ion trén thanh
cau phia Nam ¢ mua Pong do, & thoi gian ndy, birc xa mit troi 16n va dudng di biéu kién
cuia mat troi chéch vé phia Nam.

= Gradient nhiét &m xuat hién trén tat ca cac mat caa dam hop vai gia tri khoang 4,5° C.
Trong khi trong tiéu chuan thiét ké, gradient nhiét &m chi ¢6 & mat trén cau va co gia tri 7°
C. Viéc phan tich theo phwong ngang cau véi nhiét do quan tric dugc, Gng suat do
gradient nhi¢t am co gia tri khong lon.

= Gradient nhiét trén cac thanh cau thay doi rat 16n va rat nhanh theo bic xa mat troi. Bé
thu nhan duoc cac gia tri ndy, tan suat lay di liéu phai du nho.
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