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Abstract. Thermal effects on structural components cause both translational displacements
(expansion and contraction) and rotational movements. When these displacements are
restrained, as in statically indeterminate structures, they generate internal forces. Therefore,
accurately determining the magnitude of thermal effects is critically important. In structural
calculations, thermal actions are usually divided into two components: uniform temperature
across the cross-section and vertical linear temperature gradient. In addition to defining values
for each component, design standards also introduce “combination coefficients” between
them. However, the methods for combining these components and the recommended
coefficient values vary. While TCVN 13594:2022 proposes a direct combination coefficient
between uniform and gradient temperature components, TCVN 11823:2017 recommends
coefficients depending on the limit state under consideration. This study presents a method to
determine the combination coefficient between uniform temperature and vertical temperature
gradient effects on reinforced concrete box girder bridges during the service stage. The
approach is based on field measurement data and bivariate extreme value analysis using
copula models, allowing for a more realistic representation of the joint occurrence and
correlation of thermal components in operational bridge structures.
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Tém tit. Tac dong nhiét trén cac két cau x@y dung gy chuyén vi tinh tién (co, gidn) va
chuyén vi xoay. Néu cac chuyén vi nay bi kiém ché nhu trong cac két ciu siéu tinh, chung s€
lam phat sinh n6i lyc. Viéc xac dinh chinh xac cac gia tri cua tac dong nhiét, do do, la rat
quan trong. Trong tinh toan, nhiét trén cac cau kién thuong duoc chia thanh nhiét d6 déu trén
mit cat va gradient nhiét. Bén canh cac gia tri twong tng cho tung thanh phan tac dong nay,
cac tiéu chuan thiét ké cling dé xudt cac “hé s6 td hop” giita chiing. Mac du vay, cach xem xet
t6 hop cac tic dong thanh phan nay cing nhu cac gia tri cua h¢ s6 t0 hop ciing khac nhau.
Trong khi TCVN 13594:2022 d& xuat hé s6 t6 hop truc tlep giita thanh nhiét phan bb déu va
gradient nhi¢t, TCVN 11823:2017, lai khuyen cao cac h¢ so cho tdc dong nhiét phu thudc vao
trang thai gioi han. Nghién ctru nay trinh bay cach xac dinh hé s0 0 hop cho cac thanh phan
nhiét do déu va gradient nhiét trén cac dam cau dang hop bang bé tong cot thép ¢ giai doan
khai thac dua trén s6 lidu do dac hién truong va phan tich cuc tri hai bién bang mé hinh
copula.

Tir khéa: Hé sb td hop, tdc dong nhiét, cau dam hop, phan tich cuc tri hai bién, copula.

@ 2025 Truong Pai hoc Giao théng van tdi

1. GIOI THIEU

Nhiét 1a mot trong nhiing tac ddng quan trong, c6 anh huong lon dén sy lam viéc cua két
chu, dic biét 1a ket ciu cau, trong giai doan khai thac. Nhiét gdy chuyén vi, bao gdm ca
chuyén vi tinh tién va chuyén vi xoay, anh huong dén su 1am viéc cta cac bo phan nhu khe co
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gian, gbi cau. Bén canh do, trong cac két cau siéu tinh, ké ca ndi si€u tinh va ngoai siéu tinh,
tdc dong nhiét s€ lam phat sinh ndi luc. O cac dam cau bé tong cd6 mit cat dang hdp, nhiét
dugc coi 1a mét trong cac nguyén nhan chinh gay nirt & ban mat cau [1].

Nhim muc dich tinh toan, tic dong nhiét dugc chia thanh thanh phan nhiét d6 déu va
thanh phan nhiét chénh léch (gradient nhiét) nhu dé xuét trong cac tiéu chuén thiét ké cau
TCVN 11823:2017 [2], TCVN 13594:2022 [3]. Bén canh cac gia tri cuc tri Ve nhiét do déu,
Tu, gradient nhiét, Tg, cac tiéu chuin ciing dong thdi khuyén nghi cac cach t6 hop tac dong
cua ching. TCVN 11823:2017 khuyen nghi xem xét tdc dong cua Tu va Tg mot cach riéng ré
va to hop chiing vé&i cac hé s6 t6 hop tai trong twong tmg theo cac trang thai giéi han (Bang

1).
Bang 1. Hé s6 t6 hop tac dong nhiét cia TCVN 11823:2017 va AASHTO LRFD 2007.

Trang thai giéi han H¢ s6 cho Tu He¢ s6 cho Tg

Céc trang thai gioi han cuong d6 va dac biét | 0,5 hodc 1,2 0

Céc trang thai st dung 1,0 hoac 1,2 1,0 khi khong xét hoat tai
0,5 khi c6 xét hoat tai

Trong khi d6, TCVN 13594:2022 lai xem xét tac dong dong thoi cua Tu va Tg voi céc hé s
t0 hop riéng dé thanh gia tri tdc dong nhiét Tk trude khi xem xét tdc dong nay & céc trang thai
gidi han (1).

T, =AT, +w,AT, (1)
CZ;»‘ = (“‘)MA TM + ATN

Trong d6, w, = 0,35 va w, =0,75. Ty ¢ day la thanh phan gradient nhiét va Ty 1a

nhiét do déu.

Mic du co cac gia tri khuyén céo nhung cac ti€u chuan ciing dong thoi cho phep cac du an
dugc sur dung gia tri khac cho cac hé s6 nay mot cach phu hop. Do ngudn gdc bién dich nén
cach t6 hop tac dong cia TCVN 11823:2017 ké thira tr AASHTO LRFD 2007 [4] va cla
TCVN 13594:2022 1a cta Eurocode 1 [5]. Céc gi4 tri tiéu chuan cta tai trong nhiét trong
TCVN 13594:2022 va EuroCode dugc tinh véi chu ky tro lai 1a 50 nam. Trong khi do, TCVN
11823:2017 va AASHTO LRFD 2007 khong néu 1o chu ky tr¢ lai cia tac dong nay [6], [7].
Mic du vay, cac nghién ciru dugc néu trong [7] cho thiy, thanh phan gradient nhiét duong
theo phuong dung cia AASHTO LRFD tuong tmg véi chu ky trd lai 100 nam.

M

Két qua phan tich cuc tri hai bién bang mé hinh copula cho Tu va Tg dua trén sb liéu
quan tric nhiét do & mot s6 dam cau bé tong cdt thép c6 mat cat dang hop cho théy, cuc tri
ctia hai thanh phan ndy c6 xu hudng xay ra gan nhu dong thoi. Trén co sé d6, nghién ctru nay
dé xuét cac hé s t6 hop ciia chiing.

Theo tiéu chuan TCVN 13594:2022, gradient nhiét, Tg, c6 thé dugc tinh toan theo 2 mo
hinh: gradient nhiét tuyén tinh va gradient nhiét phi tuyén. Dé thuan lgi cho viéc tinh toan va
so sanh, Tg trong nghién ctru nay dugc gidi han & gradient nhiét tuyén tinh theo phuong dimg.
Nghién ctru cling dugc gidi han ¢ viée xem xét 7g duong va Tu duong.

2. QUAN TRAC NHIET PO

Mot du 4n quan tric nhiét d6 trén 3 cau c6 dim bé tong cot thép c6 mat cat dang hop
dugc thuc hién lién tyc tr thang 8 nam 2021 dén nay [1]. Cac cau nay bao gdém cau Vinh
Thinh & Son T4y, Ha Noi, cdu Quan Hau ¢ Quang Binh va cdu GO Gang ¢ Viing Tau. Chung
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dai dién cho 3 vung khi hau khac nhau. Bén canh tinh dai dién cho vi tri dia ly va vung khi
héu, cac cau cling c6 ciu tao hinh hoc cia dam va phuong bd tri trén mat bang khac nhau.
CAu Vinh Thinh c¢6 huéng Péng Bic — Tay Nam, ciu Quan Hau c6 hudéng Tay Bic — Dong
Nam va cau Go Gang c6 hudng Pong — Tay. Cau Vinh Thinh ¢ céng xon canh 16n va thanh
nghiéng, cdu Quan Hau c6 thanh ding va cau Go Ging c6 cong xon canh ngin va thanh xién.

Trén mdi cau c6 2 mit cit duoc lya chon dé b tri cam bién nhiét d6. Mot mat cit & gén
géi v6i chiéu cao mat cat 16n va mat cat con lai & gitra nhip voi chiéu cao mat cit nho. Tai
mdi mat cit co 18 cam bién nhiét dugc bd tri dé do nhiét d6 trong bé tong va 1 cam bién do
nhiét d6 khong khi trong long dam cing nhu 1 cam bién do nhiét d khong khi & ngoai dam
cau. Hinh 1 mo ta cach b tri cam bién nhiét d6 trén dam cau. Dir liéu nhiét do duoc thu thap
vGi tan suét 5 phut va dugc chuyén 1én may chu nho cong nghé dién toan dam may. Cho dén
nay, di c6 gan 2.000.000 s liéu nhiét d6 trén cac cau noi trén duoc thu thap.

12000 |

1800 } 1200 | [1200 |, 2600 |_1200 } } 1200 % 1800 #
\ I \ ]
Tay Nam 2 6ng Bac
R = 250 s
600 600
#1
B g LW = R
ﬁiﬁ%:L
500 o #20: Do nhiét do 500
[ bé trong ]

5400

#12

#11 EOOO
Mat cét 1

Ciu Quan Hau ® #19: Do nhiét d6 bén ngoai
} 6000 }

Hinh 1. So @6 bo tri cam bién trén cau Quan Hau.

3. TINH TOAN NHIET PO PEU VA GRADIENT NHIET PO TUYEN TiNH THEO
PHUONG DUNG

Nhiét do déu trén mat cit Tu va gradient nhiét do tuyén tinh Tg theo phuong dung dugc
tinh toan lan lugt theo cac cong thirc dugc xay dung dya trén [1] nhu sau:

Tu=+= 2
5 (2)

TSy,
To=il 3
g 7 (3)

Trong do, T, la nhiét do tai dién tich cua phan mit cit S., v, 1a khoang céch tur trong tim
cua S, dén truc trong tAm ctia mit cit theo phuong dung, S1a dién tich, 7 1a m6é men quan
tinh va 4 1a chiéu cao clia mit cit.
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Hinh 3. (a) Nhiét d6 tai mot s6 diém trén mit cit, (b) Tu va (c¢) Tg trén mit cit gan gbi, cau Go Gang,
ngay 29/12/2021.
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Hinh 4. Biéu d6 bién thién Tu va Tg & mit cit gan gbi, cdu Go Gang.

Trong nghién ctru nay, 7, 1a nhi¢t do tai cac diém bo tri cam bién, S, 1a dién tich “vung
anh huong” cua 7. Hinh 2 minh hoa cach xac dinh cac gia tri cho cdc cong thirc néu trén.

Hinh 3 trinh bay nhiét d6 ¢ mot s6 diém do va két qua tinh toan Tu va Tg cho mit cit gan gbi
& cau Go Gang, ngay 29/12/2021. Hinh 4 thé hién su bién thién cta Tu va Tg trén cau GO
Ging trong khoang thoi gian tir 29/12/2021 dén 12/3/2023.
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4. PHAN TiCH TAC PONG PONG THOI CUA NHIET PQ DEU VA GRADIENT
NHIET PO TUYEN TiNH THEO PHUONG PUNG

4.1 Téng quan vé phan phdi cwe tri da bién va copula

C6 nhiéu phuong phap dé xac dinh su két hop cua cac hiéu Ung tai trong, nhu phuong
phap trang hop dinh, quy tic ctia Turkstra [8], quy tic cta Ferry Borges va Castanheta, v.v.
Tuy nhién, cac phuong phap nay doi hoi dir liéu phai c6 quy m6 lon va nhat la phai duogc thu
thap trong thoi gian dai. O nghién ctru nay, nhiét d trén cac cong trinh cau méi chi thu thap
dugc trong thoi gian khoang 3 nam nén cac phuong phap trén khong ap dung duoc. Thay vao
6, 1y thuyét cuc tri da bién s& duogc sir dung vi né c6 thé ngoai suy ra ngoai pham vi dit liéu
thu thap duoc [9].

Ly thuyét Cuc tri (extreme value theory) cung cdp hai cach tiép cin dé lay miu cac su
kién cuec tri, cu thé 1a: phwong phap Gid tri cuc dai tirng khéi (Block Maxima - BM) str dung
phan phdi Gia tri Cuc tri Tong quat (Generalized Extreme Value - GEV) va phuong phap Gid
tri viegt nguwdng (Peak over Threshold - POT) sir dung phan phdi Pareto tong quat
(Generalized Pareto - GPD). Trong phuong phap Gia tri cyc dai timg khéi thoi gian léy méu
dugc chia thanh cac khdi ¢ d6 dai nhét dinh, va gia tri lon nhat trong mdi khéi duge lay mau.
Trong khi d6, v&i phuong phap Gid tri vieot ngudng, tat ca cac gia tri dinh dugc 1dy mau, va
cac gi tri vugt qua mot ngudng nhat dinh duoc sir dung dé mé hinh héa cac cyc tri [8].

Qua trinh phén tich cyc tri da bién thuong duoc chia thanh hai phan: suy luan cac phan
ph01 bién va suy luan cau trac phu thudc tong the [10], [11]. Dutfoy va cong su [10] ciing chi
ra rang cac mé hinh dugc st dung dé mé ta ciu tric phu thudc tong thé duoc lya chon dua
trén dic diém phu thudc cua tap dir li¢u. Theo Tilloy va cong su [12] su phu thude cuc tri ciia
hai tap dir liéu c6 thé duoc phan loai thanh phy thudc tiém can (asymptotic dependence) va
ddc 1ap tiém can (asymptotic independence).

Pé danh gia mirc 46 phu thudc cua cac tap dir lidu, cac thude do phu thude cyc tri g va x
dugc gidi thi¢u boi Coles va cong su [13], cung voi hé sb phu thudc duoi n dugce Ledford va
Tawn [14] d& xuét, c6 thé duoc ap dung [10], [12]. Mot cap chi sé x va ¥ cho phép phan biét
gitra phu thudc tiém céan va doc 1ap tiém can. Néu X =1 va 0 <y <1, thi tap dir liéu hai bién 1a
phu thudc tiém cén, va x do ludng muc d6 cua modi phu thude nay. Nguoge lai, néu —1<y <1 va
¥=0, thi céc bién la doc 1ap tiém cén, Y cung cép mot chi s6 vé muc d6 cuia mbi lién hé: ( X=
—1 cho lién hé 4m manh, va Y = 1 tuong Gng voéi lién hé duong manh). Hé sé phu thudc dudi
5 c6 gia tri trong khoang [0:1]. n ¢6 gia tri cang gan 1 thi hai tap dir lidu cang co tinh phu
thudc dudi manh va ngugc lai.

Trong suy luan céu trac phu thudc tong thé, copula 1a mot phuong phap hiéu qua. Co thé
mo ta copula 1a phan phéi ham dong thoi hay ham phan phéi hiép bién tir cac ham phan phoi
bién ciia cac bién ngdu nhién 1 chiéu va dé mo ta sy phu thudc gitra cac bién ngau nhién [15],
[7]. Phuong phap nay cho phép lwa chon cac phan phdi bién mot cach linh hoat. C6 nhiéu mé
hinh copula khac nhau nhu Gauss, Student, Clayton, Gumbel, Tawn, Frank, Joe, v.v. Mbi mod
hinh phi hop véi mot cau tric dir lidu da bién nhat dinh. Viéc lya chon mé hinh copula, do
do, phai dugc dua trén céac tiéu chi danh gid su phu hgp nhu AIC (Akaike Information
Criterion), BIC (Bayesian Information Criterion).
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4.2 Phan tich tac dong ddng thoi ciia nhiét dd déu va gradient nhiét do tuyén tinh theo
phwong dirng dua trén copula

a. Lwa chon phin phéi bién

Phén phdi bién duoc lua chon 1a phuong phap Gid tri vieot nguéng (Peak over Threshold
- POT) sir dung phén phéi Pareto téng quat (Generalized Pareto - GPD) do mo hinh nay phu
hop véi cac dang bai toan lién quan dén tinh toan cyc tri va da dugc chimg minh 1a phu hop
nhiét do trén cong trinh cau [16-18]. Cac tham sb cta phan phdi Pareto tong quat bao gdm
ngudng (threshold), u, dang (shape), o, va ty 1€ (scale), {. Cac tham s6 nay duoc xac dinh dya
trén cac tiéu chi vé d6 phu hop cua m6 hinh va dir liu. Cac két qua tinh toan tham sb cua Tu
va Tg cho mit cit gan gbi cua cac cau Vinh Thinh, Quan Hau va Go Géang duoc thé hién trén
Bang 2. Céc tham sb nay da duoc kiém tra bang cac chuan Anderson-Darling va Cramer-von
Mises v6i gid tri p-value 16n hon 0,13 dé dam bao c6 gia tri thong ké. Cuc tri ing voi x4c sudt
vuot p=0,02 va 0,01 tng véi chu ky trd lai 1a 50 ndm va 100 nam cho cac thanh phén ké trén
cling duoc tinh toan va liét ké trong Bang 2. Chu ky tré lai 50 nam tUng véi TCVN
13594:2022 (Euro Code 1) va chu ky 100 ndm cho cic cong trinh can mirc d6 an toan cao hon
va ciing ing voi AASHTO LRFD, nhu dugc néu trong [7].

Bang 2. Tham s ciia ham phan phéi Pareto tong quat cho Tu va Tg ciia mit cit gbi ciia cac cau da

quan tric.
~ ) 1A Cuc tri voi Cuc tri voi
Ngudng (u) | Dang(o) | Tyle(d) =002 p=0,01
Vinh Thinh — Tu 36 0,80 -0,25 38,89 38,94
Vinh Thinh — Tg 5,56 0,46 -0,25 7,60 7,61
Quan Hau — Tu 34 1,10 -0,37 38,72 38,73
Quan Hau - Tg 9,44 2,92 -0,48 12,77 12,78
GO Gang — Tu 33 0,80 -0,25 35,69 35,70
GO Gang — Tg 8,33 0,95 -0,33 12,09 12,11
127 12 36,0
1.0 7 c 10 355
@ Pre)
208 08 | 0350—
;;3.067 \;‘3067 :345i
g. 0,4 \g 0,4 — E 34,0 i
0,2 7, X2 - —_— I:u;teh 33,5 L — x:v ‘
0,0 U 00 4 - 33,0
32,5 33,0 33,5 34,0 345 350 355 360 330 335 34,0 34,5 350 355 360 330 33 5 34 0 34 5 35 0 35 5 36 0
Gia tri Tu (°C) Gia tri Tu (°C) Thuc té (°C)
a) Mat do xdc suét b) Xdc suét céng dén c) Phan vij

Hinh 5. So sanh su phén phdi cta dit liéu theo mo hinh GPD va dit liéu quan tric ctia Tu & mit cit gan
gdi, cau Go Gang.
Hinh 5 va Hinh 6 so sanh dy phan b6 dit lidu quan tric va dit liéu theo mé hinh GPD cho
Tu va Tg ctia mat cat gan goi & cau Go Gang. Co thé thay rang, m6 hinh GPD khé phu hop dé
mo ta dit li€u cuc tri ctia hai tap dir li€u nay.
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Hinh 6. So sanh sy phan phéi cua dir li¢éu theo md hinh GPD va dir li¢u quan tric cua T ‘g 0 mat cit g?m
g6i, cau Go Gang.
b. Lwa chon mo hinh copula

Mo hinh copula phu hop cho céac tap dir liéu phu thudc vao mirc do phu thudc cuc tri hay
phu thudc dudi. Trong nghién ciru nay, mirc d6 phu thude cuc tri cua cac tap dir liéu dugc
dinh luong qua cic tham sb y , ¥ va n & mirc 1% dit liéu cao nhat. Bang 3 cung cap két qua

tinh toan cac hé sd nay cho c;lc cap dir liéu Tu va Tg ¢ cac cAu dang dugc quan tric nhiét dg
dua trén cac goi phén tich thong k€ mev [19], POT [20], exTremes [21] trong ngdn ngir R. S6
liéu trong bang nay cho thay, ca 3 cap dir liéu deu c6 tinh phu thudc duoi cao.

Bang 3. Cac hé sb phu thudce cuyc tri cta cac cap dir liu Tu & Tg.

Cap dit liéu Tu & Tg % X n

Vinh Thinh 0,62 0,83 0,92
Quan Hau 0,63 0,82 0,91
Go Gang 0,45 0,70 0,85

Cac m6 hinh copula cho cac cap dir liéu Tu va Tg dugc lya chon dya trén cac ham t6i uu
dugc cung cép trong cac 801 copula [22] va VineCopula [23] cua R. Theo d6, cap Tu va Tg
cho cau Vinh Thinh va cau Quéan Hau duoc tinh toan bang mo hinh Gumbel copula, trong khi
d6, cho cau Go Gang 1a Tawn copula. Cac tham sd chinh ciia cic mo hinh copula nay duoc
liét ké trong Bang 4. Trong d0, € 1a tham s6 kiém soat mirc do phu thudc tong quat giita hai
tap dir liéu (hai bién) duoc xem xét. @ =1 khi 2 bién doc 1ap va € cang 16n thé hién su phu
thudc gitra chiing cang manh. Gié tri 6 & ca 3 mo hinh déu 16n ching té cac cip Tu va Tg déu
c6 tinh phu thudc tuong d6i manh dén manh. & phan anh su bat dbi xung cua 2 cdp dir lidu.
Véi 6=0,77, cap Tu va Tg & cau Go Gang duoc dy doan c¢o tinh phu thuéc manh hon & dudi
trén (upper tail) so voi dudi dudi (lower tail). 7 1a thudc do mirc d phu thudc gitra hai tép dir
liéu, co gid tri trong khoang [-1,1]. 7 cang gan 1, sy phu thudc ctia 2 bién cang 16n. O day, ca
3 cap dit lidu déu c6 7 kha 16n, dic biét 1a ¢ cau Vinh Thinh va cau Quan Hau, thé hién mirc
do phu thuoc kha manh gitta Tu va Tg. Gia tr1 7 cling gidi thich tinh phu hop cua m6 hinh
Gumbel copula cho cac cap dir ligu & cau Vinh Thinh va cau Quan Hau va mo6 hinh Tawn
copula cho cip dit liéu ¢ cau Go Gang.

Béng 4. Tham s ctia mé hinh copula.

Cap dir liéu Tu & Tg | M6 hinh copula 0 0 T

Vinh Thinh Gumbel 2,68 - 0,66
Quéan Hau Gumbel 3,68 - 0,73
GO Gang Tawn 2,71 0,77 0,52
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c. Tinh todn gid tri tré lgi song bién

Theo md hinh copula, gia tri tr¢ lai song bién duogc x4c dinh véi xac suét hay chu ky tr¢
lai cho trude. Trong nghién clru nay, gia tri trd lai song bién cho xac suit tré lai béng 0,1;
0,05; 0,02 va 0,01 tuwong Gng voi chu ky trd lai 10 ndm, 20 ndm, 50 ndm va 100 ndm dugc
tinh toan. P& minh hoa, cac dudng “dong mirc” gia tri tré lai song bién (bivariate return level
curves) cho cac cip Tu va Tg cho cic cau Vinh Thinh, Quan Hau va GO Gang dugc thé hién
trén Hinh 7.

g 15
6 | 12 —
G o
55 4 o
= | E 6 —
Quan trac | Quan tréc
2 + RL0,99 + RL0,99
RLO,98 3 — RLO,98
i « RL0,95 + RL0,95
; : - RL0,20 + RLO,90
0 T I T T 0 T [ T [
10 15 20 25 30 35 40 15 20 25 30 35 40
Tu (°C) Tu (°C)
a) Cau Vinh Thinh b) Céu Quan Hau
13
. —
g7
; |
=7
. Quan tréc
+ RL0,99
5 RLO,98
+ RLO,95
b + RLO0,90
3 [ ! I !
27 29 31 33 35 37

Tu (°C)
c) Cau Go Gang

Hinh 7. Phan bd dir liéu va gia tri tra vé song bién cho Tu va Tg &: (a) cau Vinh Thinh, (b) cau Quan
Hau va (c) cdu Go Gang.

Puong ddng muc gia tri trd lai song bién cua cac cap dir liéu Tu va Tg v6i chu ky tro lai
50 nam va 100 nam cho 3 cau dang dugc quan tric duoc thé hién trén Hinh 8 va Hinh 9. Cac
diém dugc danh diu o trén hinh tng véi cac cap dir liéu ma tong cua chung 13 16n nhit. Bang
5 so sanh gid tri tré lai song bién Tu va Tg dé cho tong cua ching 16n nhét va cyc tri bién
tuong Gmg véi cac chu ky tr lai 50 nam va 100 nim. C6 thé thay rang, khi tong song bién Tu
va Tg 1on nhit, Tu va Tg bang khoang 94% dén 100% cyec tri bién. Hay, n6i cach khac, trén
cac cau dang dugc quan trac v6i chu ky ldp lai 100 ndm, cac cuc tri ctia Tu va Tg gan nhu
xay ra dong thoi. Hé s t6 hop cho Tu va Tg, do d0, co thé dugc 1ay bang 1 ma khong qua
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thién vé an toan, nghia la

T;c = rYTuT + ryTgT (4)

u g

V6i ¥y, =75, =1, T, va T, lan lugt 1a cyc tri bién cia nhigt do déu duong va gradient
nhiét dung duong.

Vi du ap dung cho cau Go Gang véi xac suat vuot 0,02 hay chu ky tro lai 50 ndm:

e Tinh theo 13594-3: 2022 (Euro Code 1)

AT +w AT
%:max M N N
wMATM+ATN
12,09 + 0,35 x 35,69
= max
0,75%x12,09 + 35,69
=44,75 °C

e Tinh theo cong thirc dé xuit
T, = 7TuA T, + ’yTgA T,
=1x12,09 +1x 35,69
=47,78 °C

Do TCVN 11823-3:2017 va AASHTO LRFD khong xét t6 hop tac dong dong thoi nén khong duge so
sanh truc tiép & day.

7.8 12,8 12,2
7.7 ] ? ]
| 127 : 12,0 |
76 i : i
]| 12,6 i |
575 4 1 5 ¢ she | 1
Sl gee | i s
=74 - P 11,6
s i 124 — ‘
72 1 4, 12,3 - *oreesenesee—e—e—a | 114
"M 417777 122 +—F—1— 12 4+
37.8 380 382 384 386 388 300 392 378 380 382 384 386 388 350 352 354 356 358 360 362
) Tu (°C) Tu (°C) Tu (°C)
a) CAu Vinh Thinh b) Chu Quan Hau ¢) CAu Go Géng

Hinh 8. Puong dong muc gia trj trd lai song bién Tu va Tg Gmg v6i chu ky trd lai 50 ndm cua: (a) cAu
Vinh Thinh, (b) ciu Quan Hau va (c) cau Go Ging.
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78 12,8 12,2
®
7,7 4 ] 1
12,7 12,0 |
76 i
.5 i 8 16 i g !
=75 ! =126 ! =118 .
g ey ! g 3
74 14 N,
125 - % 1,6 )
73 4 “eeece—e—s S " e
4 ."'—.—n—-—.—o— e
7.2 ———— 12,4 — 14 —
380 382 384 386 388 390 392 38,2 383 384 385 386 387 388 352 354 356 358 360 36,2

Tu (°C) Tu (°C) Tu (°C)
a) Cau Vinh Thinh b) CAu Quan Hau c) Cau Go Gang
Hinh 9. Puong dong mrc gia tri tro lai song bién Tu va Tg tng véi chu ky trd lai 100 ndm cuda: (a) cau

Vinh Thinh, (b) cau Quan Hau va (c) cau Go Gang

Bang 5 So sanh gia tri tré lai song bién Tu va Tg vai cuc tri bién tuong tmg.

7 Chu Ky tré lai 50 nam Chu ky tré lai 100 nam
u
G{d tri khi Ty 6 G{a’ tri khi Tv 16
& tong song Cuyec tri bién 5 tong song Cuec tri bién Vi
2T, £ T50 _max/ =y £ T100 max/
T. bien lon nhat (T50 b) bien lon nhat (T100_b)
g 750 b T100_b
(T50 max) (T100 max)
Céu Vinh Thinh
Tu 38,89 38,89 1 38,94 38,94 1
Tg 7,17 7,60 0,94 7,28 7,61 0,95
Cau Qudn Hau
Tu 38,00 38,72 0,98 38,20 38,73 0,98
Tg 12,76 12,77 1 12,78 12,78 1
Cau Go Gan
Tu 35,14 35,69 0,98 35,32 35,70 0,99
Tg 12,03 12,09 1 12,11 12,11 1

5. KET LUAN

Trong tinh toan, thiét ké, tac dong nhiét 1én cac két cau xay dung thuong dugc chia thanh
nhiét d6 déu va gradient nhiét. Cac thanh phan nay duoc t6 hop thanh mot tac dong duy nht
hodc xem xét riéng biét trong cac t6 hop tai trong clia cac trang thai gidi han. Cac tiéu chuan
thiét ké khac nhau khuyén céo cac hé s to hop khac nhau. Tiéu chudn TCVN 11823-3:2017 va
AASHTO LRFD 2007 xem xét thanh phﬁn nhiét d6 déu va gradient nhiét mot cach riéng ré€ theo
cac t0 hop tai trong khac nhau. Trong khi d6, TCVN 13594-3:2022 va Euro Code 1 lai xem
X6t tO hop tadc dong cta chung véi cac hé s6 to hop nhét dinh.

Duya trén viéc phan tich s lidu quan tric thuc té, gia tri nhiét do déu va gradient nhiét cho
ba dam cau bé tong cot thép c6 mat cit dang hop ¢ ba vung dia ly khac nhau ¢ nudc ta da
duoc tinh toan. Cac phan phdi bién cho tung bién nhiét d6 déu va gradient nhiét dugc mo ta
bang mé hinh phan phdi Pareto tong quéat cho (GPD). Dya trén cac phan phdi bién nay, cac
cuc tri ctia timg thanh phan tng véi cac chu ky trd lai s& dugc tinh toan. Dé tinh toan tac dong
déng thoi cua ca 2 thanh phén nhiét d6 déu va gradient nhiét cdic mo hinh copula da dugc lya
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chon dua trén cac tiéu chi vé tinh phu hop dic biét 1a tinh phu thude duoi.

Két qua tinh toan cho thay, v6i chu ky trd lai 50 ndm va 100 nim, cac cyc tri cua nhiét do
déu dwong va gradient nhiét duong theo phuong dimg c6 xu hudng xay ra gan nhu dong thoi.
Nghia 13, ¢ cing mirc x4c suat, khi mot gia tri dat cuc tri, gia tri con lai cling gan nhu dat cuc
tri.

Diéu nay dan dén hé qua 13, khi can xét tic dong dong thoi clia hai thanh phan nhiét do
déu duong va gradient nhi¢t duong theo phuong, hé so to hgp tai trong déu c6 thé lay bang
1,0 ma khong qua thién vé an toan theo cong thirc sau.

Tk - fyTuTu + ’yTﬂTfi
Véi yp, =y, =1, T, lanhiét do déu duong va Tg la gradient nhi¢t dung duong.

TAI LIEU THAM KHAO

[1]. Ngo bang Quang, Nguyén Huy Cudng, Mai Dinh Loc, Dinh Hiru Tai, Lé Minh Canh, Quan trac
su bién thién nhiét d§ va mé phong anh hudng cia ching dén sy phan bd tmg suét trong mot sd cau
dam hop bé tong cdt thép & giai doan khai thac, Tap chi Khoa hoc Giao thong vén tai, 73.3 (2022).

[2]. TCVN 13594-3: 2022, Thiét ké cdu dudng sit khd 1435 mm, vén tdc dén 350 km/h, Phan 3: Tai
trong va tac dong.

[3]. TCVN 11823-3:2017, Thiét ké cau duong bd, Phan 3: Tai trong va tac dong.

[4]. AASHTO, AASHTO LRFD Bridge Design Specifications, SI Units, 4th Edition, 2007.

[5]. BSI, BS EN 1991-1-5:2003, Eurocode 1: Actions on Structures — Part 1-5: General Actions —
Thermal Actions, British Standards Institution, 2003.

[6]. J. He, H. Xin, Y. Wang, J.A.F.O. Correia, Effect of temperature loading on the performance of a
prestressed concrete bridge in Oklahoma: probabilistic modelling, Structures, 34 (2021) 1429-1442.
https://doi.org/10.1016/j.istruc.2021.08.007

[7]. Q. Chen, Effects of thermal loads on texas steel bridges, PhD. Dissertation, The University of
Texas at Austin, 2008.

[8]. C.J. Turkstra, Theory of structural safety, SM Study No. 2, Solid Mechanics Division, University
of Waterloo, Waterloo, Ontario, 1970.

[9]. D.Q. Ngo, H.C. Nguyen, Monitoring and analysis of temperature distribution in reinforced
concrete bridge box girders in Vietnam, Case Studies in Construction Materials, 20 (2024) ¢02857.
https://doi.org/10.1016/j.cscm.2024.e02857.

[10].A. Dutfoy, S. Parey, N. Roche, Multivariate Extreme Value Theory — A tutorial with applications
to hydrology and meteorology, Dependence Modeling, 2 (2014) 30-48.

[11].J. Beirlant, Y. Goegebeur, J. Teugels, Statistics of extremes — theory and applications, John Wiley
& Sons, Ltd., Chichester, 2004.

[12].A. Tilloy, B.D. Malamud, H. Winter, A. Joly-Laugel, Evaluating the efficacy of bivariate extreme
modelling approaches for multi-hazard scenarios, Natural Hazards and Earth System Sciences, 20
(2020) 2091-2117.

[13].S. Coles, J. Heffernan, J. Tawn, Dependence measures for extreme value analyses. Extremes, 2
(1999) 339-365. https://doi.org/10.1023/A:1009963131610

[14].S. Coles, J.E. Heffernan, J.A. Tawn, Dependence Measure for Extreme Value Analyses,
Extremes, 12 (1999) 25-41.

[15].Tran Thanh Thiy, Tran Thuc, Huynh Thi Lan Huong, Nguyén Xuan Hién, Lé Vin Tuan, Nguyén

819


https://doi.org/10.1016/j.istruc.2021.08.007
https://doi.org/10.1016/j.cscm.2024.e02857

Tap chi Khoa hoc Giao thong van tai, Tap 76, S6 05 (06/2025), 808-820

Thanh Cong, Ung dung Copula trong xac dinh phén b6 dong thoi da thién tai do bio kém mua 16n va
mua sau bao, Tap chi Khoa hoc Bién d6i Khi hau, 14 (2020) 6.

[16].F. Zheng, S. Westra, M. Leonard, S.A. Sisson, Modeling Dependence between Extreme Rainfall
and Storm Surge to Estimate Coastal Flooding Risk, Water Resources Research, 50 (2014) 2050—
2071. https://doi.org/10.1002/2013WR014616

[17].G.D. Zhou, T.H. Yi, B. Chen, H. Zhang, A generalized pareto distribution—-based extreme value
model of thermal gradients in a long-span bridge combining parameter updating, Advances in
Structural Engineering, 20 (2016) 1-12. https://doi.org/10.1177/1369433216660010

[18].Y. Ren, Z. Zhu, Z. Fan, Q. Huang, Estimation of extreme cable forces of cable-stayed bridges
based on monitoring data and random vehicle models, Advances in Civil Engineering, 11 (2021) 1-15.
https://doi.org/10.1155/2021/8897427.

[19].CRAN: Package mev (https://cran.r-project.org/web/packages/mev/index.html)
[20].CRAN: Package POT (https://cran.r-project.org/web/packages/POT/index.html)
[21].CRAN: Package extRemes (https://cran.r-project.org/web/packages/extRemes/index.html)

[22].CRAN: Package copula (https://cran.r-project.org/web/packages/copula/index.html)
[23].CRAN: Package VineCopula (https://cran.r-project.org/web/packages/VineCopula/index.html)

820


https://doi.org/10.1002/2013WR014616
https://doi.org/10.1177/1369433216660010
https://cran.r-project.org/web/packages/mev/index.html
https://cran.r-project.org/web/packages/POT/index.html
https://cran.r-project.org/web/packages/extRemes/index.html
https://cran.r-project.org/web/packages/copula/index.html
https://cran.r-project.org/web/packages/VineCopula/index.html
https://cran.r-project.org/web/packages/VineCopula/index.html

