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Abstract: Currently, the design of railway bridges is gradually transitioning from the allowable stress
method to the limit state method. However, the Code for Design on Railway Bridge and Culvert
(Limit State Method) (Q/CR 9300-2018) does not account for the combined effects of seismic actions
and variable factors such as temperature, posing significant challenges for seismic design for bridges in
areas of extreme cold and high seismic intensity. In order to promote bridge resistance to external

loads in a more cost-effective way, the partial coefficient of the optimal seismic design condition load
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combination was determined by target reliability indices, thereby optimizing the seismic design stan-
dards in current bridge design codes. A probability model for temperature effects on a bridge in cold re-
gions was established. The distribution characteristics of the effects of earthquake and ambient temper-
ature were explored using the Ferry Borges load combination theory. Expressions of the load factor of
earthquake and temperature effects were established using JC method and multi-hazard load factor de-
sign method (MH-LRFD). Taking a practical bridge engineering project as an example, the failure
probabilities of a bridge under earthquake, temperature, and their combined actions were explored re-
spectively. The results showed that both the temperature internal force response caused by ambient
temperature and the variation in properties of the bridge’s main components significantly affected its
failure probability. For extreme cold regions with significant temperature variations, ignoring ambient
temperature in the current codes would significantly underestimate the failure probability under seismic
actions. The proposed F-J-M (Ferry Borges-JC-MH-LRFD) method can be used to calculate the com-
bined coefficients for earthquake and temperature actions, providing a necessary theoretical basis for
the seismic design of bridges in extreme cold regions.

Keywords: probability model of temperature effects; failure probability; Ferry Borges method; MH-

LRFD; load factor
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SO . HAh, T 004 T IR R Tok 219 2.41
flio TOLAFRMMAFNTHIM2M5. HHRKRT
TR B 77 28 LA A U B 51 R b R AR AR A 2 il AT
4 R 255 MR 3 S 25 g, DRk o S L X AT TR IR
TFI I 25 6 25 R AR .
442 HRERMETL SR EZKTH

MRHE TR R 2 JEOIR B 2800 i A 8 T AT R R S
Ji T B A G ISR, DR I AR YR R R 0% R AR AR
B An ] AE B (R BOE R Oy 1.38<10 7, BV AT ¢ B oy
2.20) % T 0L AFEH T AR R AT AL A R
T IR A5 RO LR 3

x3 MRRUWE
Table 3 Probabilities of bridge failure

PE+D P'I‘+D PE+’]‘ Pall ﬂ

2.89X107% 2.31X107° 1.12X10°* 1.38X10°* 2.20

ST A R E IR EA S PR
FEAVE T T 45 R 5UHE R 6.4 <1077, /N T 1
SR IS SOE SR, TR T AT 2 R SR
y—'L%% 4O

F4 HHEHERY
Table 4 Calculation Factors
it 2 by b, by
0.51 0.9 0.11
e AE r r, s
0.24 0.40 0.59

H P R R MR I R R AR TR
JEE 1 BEAE B 07 7 O 2 7 A 30 (18) ~(20) J&5 , R AT
B A RE AT RS BRI
A0 1 2 VR FH R 0h 1.0, SR A A5 s i i2 A FH &
B 117, IR EEAVEH R ECR 1.33, B M= A B G 41



(22)

DAL F 15 98 L BB DX RS R 3 R AR O 1 R,
BT F-I-ME TR E 5 MR AE RO 416 R
TR, EEEILWT

(L)X e 2 i BB XA R PR i il B b R
ZIEAREEFEHBA R, # 1 T Ferry Borges+
JCH+MH-LRFD (F-J-M 7% ) M 45 & 09 07 i, A iz b
DX 2 0 B T 7 2R & SR 4 T B AR A

(2) 5T BAT HLYE I 415 75 50 M 22 00 2R 380t %k
1.38X10 %, % & 7 iR EAE &N 5, 5 T Ferry
Borges 241 & 77 15 T 159 25 20 HE 3 0y 4.48 X 10 %, A ik
B0 3.24 4% , AT UL 22w I I A FDRE B3 AN AR
B0 S B O RO SR, PR UL, A v 2 R AR M X T
PRV T R 25 6 75 I BE 1 5 )

(3) X A SCHKHE T v A 2 2% JEI 32 4 FH B
VIR A B3, 5k B 2.20 78 R B Bk AT E JE R
UM R VR R OBCEUE 117, 38 1R R B
18 1.33.
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