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Fig. 3 The thermal regime of the four different working conditions in roadbed-bridge transition section on

April 15, 20th year after the project completion
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USRI Y € S Ty N o A I8 2 N .
SIS . RGN T, NeA TR, %
45 Bl 1 T R 2 A K, (H R RN 98 T 25 R
R, AT D[R] At 3 B 1) 12 ) £ R AR b
S OL T, X RRBORIEAR T3 3. 25
B RIRRSEIREE R 1.37 m, (BN &8 T =10 %45,
B AR E R, REGFRE THm K
PR AR, FORE P Bl HE B A 3. 18 m, MTRIRM
2.324%, MEAHEGIEOLT , B ) H sl BE 25 v] 5k
Tmlh E.

LRE AR, G bR T AU IR TR
LN R, ARREICHE & (11C0) Y251 ARG
Wiy DX I /)N, VR Rl 68 LA e A

it

(1) BF = 5 — Fri 2 5 B B0 Al &
Rt 4 N &SR D IS ISR
AR FEZER, SBEBHh HZ A, DL B
— Wt - AR LLE PEB, XA S B —
7 1) Y BUATRE — BHR (B3R ) — B (R4 ) SR

3



1264 K JI

+ 42 %

2 - BIY (H3R) — BRI B AE) R IRIR 261 . I
Fp T 00T, o P B ARG M X AR A NS 2% . 45
A BIBHILN , WA RT RETE BT 1 P Be b, 2
fi] 1 BRI 2 SE AR KR /), s e/ NE R

(2) B 5 e 7 Je B A0S URRAE T R &

W 65 BT HE 5 37 ORI 5 i B0 3 R A X A 2o
P BEGE R X F5E , AU Z R
3 RUT Al 7 BRI ER R, TR A2 T B
fo 1] e S o e R R B BT R ) A — B P
BRI ST 2, T ARG A 2 IR ) AT, HL
e O B HA AR e SR A B E . A
1, 772 R RS MR s 4R 2P A, A
RAESUEF AT

4 %ig

T o) T X e kAT A U B T — 4 LAl A
R N ARG S EUE T T B, 15380 T D
RS

(1) BA TH0CH T, 755 1A b 52w X 5
HATEAm A, ZEBGE M4 31 m, nEER
SHPAE e DI [ B2 e R 1. OH~1. 5H, Y1)
M R B A Z B L S A B e R RS TR

(2) # i T URGE R AL K L K T R 1)
P B B 25 LA bR, X He A TR TR 0 1)
PG W XS 5 B ) AT

(3) X LUIRAT B 3k 1 B 2540 A = b Ak J 445
FRIER, BN F AR IR | 8] T RS + 55 i &5 4 T8
2, 7E T B /0N B R 5 R R B A A
R, BCLb BTG 1 I AR Ak B0

£ 2% X Hk (References) :

[1] Code for design of high speed railway: TB 10621-2014[S].
Beijing: China Railway Publishing House, 2014. [ & £k 15
THALAE : TB 10621-2014 [S]. db 5t i [ 4k 18 i ik,
2014. ]

[2] Code for design of railway earth structure: TB 10001-2016
[S]. Beijing: China Railway Publishing House, 2016. [ 2k
PRV : TB 10001-2016[S]. db5t: mrE gk iRk,
2016. ]

[3] Zhao Shiyun, Zhang Xianjun, Shi Gangqiang. General descrip-
tion of key technologies for construction of high speed railway
in cold area[J]. Railway Standard Design, 2012(5): 1 - 9.
[tttz , JRAGEE, Arpiam . ™S8 DX gk i SC Bt T AR
LRI, Pl bR, 2012(5): 1-9. ]

[4] Zhang Yuzhi, Du Yanliang, Sun Baochen. Roadbed deforma-
tion characteristics of roadbed-bridge transition section for high-
speed railway in seasonal frozen soil region[J]. China Railway
Science, 2016, 37(1): 39 —45. [k EZ, HER, hFHE.
Z PR DX o S SR A D B e B AR SR AR S AT (T ).

(9]

[10]

[11]

[12]

[13]

[14]

T E R, 2016, 37(1): 39 - 45. ]

Tian Yahu, Liu Jiankun, Peng Liyun. Experiment on ground
temperature field and deformation of bridge-subgrade transition
section in permafrost regions [J]. China Journal of Highway
and Transport, 2007, 20(4): 19 - 24. [M4, XgHh, &
Mz . Z2AFUR b X I B Mot il g [T ). I
He24AR L 2007, 20(4): 19 - 24. ]

Niu Fujun, Lin Zhanju, Lu Jiahao, et al. Study of the influenc-
ing factors of roadbed settlement in embankment-bridge transi-
tion section along Qinghai-Tibet Railway [J]. Rock and Soil
Mechanics, 2011, 32(Suppl 2): 372 - 377. [ & 2, Wik
M, B s, L T BRI BT LI BRI S A R )
B3], &40, 2011, 3235 1)2) : 372 -377. ]

Jin Huijun, Yu Wenbing, Chen Youchang, et al. (Differen-
tial) frost heave and thaw settlement in the engineering design
and construction of oil pipelines in permafrost regions: a review
[J]. Journal of Glaciology and Geocryology, 2005, 27 (3) :
454 — 404, [T, WS, PRk &, 5. ZARGR T XK i
I TAR Y 25 SRR LA R AR DB LT ], ok R £, 2005,
27(3): 454 - 464. |

Yin Qixiang. Study of thermal stability in embankment-bridge
transition section on Qinghai-Tibet Railway under climate
warming[J]. Railway Standard Design, 2015, 59(1): 1 - 5.
[BHBO . AR W2 AT 7 8Bk i B A7 o B I AR
PERFSELT]. BRilibrifiiit, 2015, 59(1): 1-5. ]

Zhao Xingxiang, Yang Lijun. Analysis and management meth-
ods for the road and bridge transition’ s sedimentation on the
soft clay ground in Shanghai[J]. Journal of Lanzhou Jiaotong
University, 2008, 27(6): 37 — 40. [i#X %4, s . Lifgek
el AT S B R A AT SR BT IR (D). 22 g
RE2AR, 2008, 27(6): 37 - 40. |

Wang Youping. Research on the mechanism of differential set-
tlement in embankment-bridge transition section of permafrost
regions and prevention methods of the freezing damage [D].
Lanzhou: Lanzhou Jiaotong University, 2015. [ £ & . i+
o DX AR I B AN E S LR 47 A LB R T B TR BRI
[D]. =20 2 MECE R, 2015. ]

Luo Qiang. Dynamic performance analyses and experiment
study on bridge/approach embankment of high-speed railway
[D]. Chengdu: Southwest Jiaotong University, 2003. [ %3 .
i RS B AT S B B A e T S TR IR WP (D).
S - TG R AR, 2003. ]

Niu Fujun, Lin Zhanju, Wu Xuyang, et al. Characteristics of
subgrade’ s temperature, moisture and frost heave deformation
in Haomen, passenger railway line from Lanzhou to Xinjiang
[J]. Journal of Glaciology and Geocryology, 2016, 38 (4) :
1074 - 1082. [ 5 R, MRl RILMH, 5. =HFs Lk
T 1D D) St 30 T2 | K o MR B SRR AE LD ] ok o
2016, 38(4): 1074 — 1082. ]

Shi Gangqiang, Zhao Shiyun, Li Xianming, et al. The frost
heaving deformation of high-speed railway subgrades in cold re-
gions: monitoring and analyzing[J]. Journal of Glaciology and
Geocryology, 2014, 36(2): 360 — 368. [ A WI5&, #X iz, 4=
Jel], A I DX B S R R A TR e [0 ). ok
N, 2014, 36(2): 360 - 368. |

Tai Bowen, Liu Jiankun, Li Xu, et al. Numerical model of
frost heaving and anti-frost heave measures of high-speed rail-
way subgrade in cold regions [J]. China Railway Science,
2017, 38(3): 1 - 9. [ARWSC, XUd, 20, 4. SN mH
B i S i M (AR Y R By R R (T ] v R R R
2017, 38(3): 1-9.]



41 X ARAE . FEIX R AT B R A R N A M X Sl 53 A 1265
[15] Li Xianming, Niu Fujun, Liu Hua, et al. Characteristics and formation differences between southern and northern slopes of

[16]

[17]

[18]

[19]

[20]

[21]

engineering significance of frost heaving in subgrade of Harbin-
Dalian high-speed railway[J]. Journal of Glaciology and Geoc-
ryology, 2018, 40(1): 55— 61. [ 25, £ @&, X1k,
A I DR T R B R T R K AR T R B TR LT )L vk R
I, 2018, 40(1): 55-61. ]

Cao Li. Study of water thermal characteristics and frost heave
process monitoring in the roadbed of cutting section in seasonal-
ly frozen soil regions[J]. Journal of Glaciology and Geocryolo-
gy, 2017, 39(5): 1065 — 1074. [ & 7. T EBET % L X k4
B R K PRI R VR K i S R M I E R (T . kA
2017, 39(5): 1065 - 1074. ]

Liu Jiankun, Bao Weimeng, Han Xiaogang, et al. Observation
and analysis of a new type embankment-bridge transition sec-
tion in permafrost regions[J]. Journal of Glaciology and Geoc-
ryology, 2004, 26(6) : 800 — 805. [ Xl &, B4 4 , #h/
W, 45 Z2 AR IR XA I 0 B — P 45 A 1 3 L A5
Hrla]. vk 4, 2004, 26(6) : 800 - 805. ]

Sheng Daichao, Zhang Sheng, Li Xi. Effects of train loads on
frost heave of embankments[J]. Chinese Journal of Geotechni-
cal Engineering, 2013, 35(12): 2186 — 2191. [ 1S H, 7
Th, FAy . O S R KRR AR AL T ], A R TR
274, 2013, 35(12): 2186 —2191. |

Sheng D, Zhang S, Niu F, et al. A potential new frost heave
mechanism in high-speed railway embankments [J]. Geotech-
nique, 2014, 64(2): 144 — 154.

Chou Yaling, Sheng Yu, Ma Wei. Calculation of difference in
temperature between sunny slope and shady slope along rail-
Chi-
nese Journal of Rock Mechanics and Engineering, 2007, 26
(Suppl 2): 4102 - 4107. [ HW ¥, B8, D8 . HilmRL
AR b DRk % B R B BH S R R 22 T [T, e i S
TR, 2007, 26(38 T 2) : 4102 - 4107. ]

Chou Yaling, Sheng Yu, Wei Zhenming. Temperature and de-

ways in permafrost regions in Qinghai-Tibet Plateau [J].

[22]

[23]

[24]

[25]

[26]

[27]

highway embankment on permafrost [J]. Chinese Journal of
Rock Mechanics and Engineering, 2009, 28(9): 1896 — 1903.
[HIEFE, s, FIRMT. 24RO B B PR R
ARSI E A1 TR, 2009, 28(9): 1896
-1903. ]

Chou Yaling, Sheng Yu, Li Yuwen, et al. Sunny-shady slope
effect on the thermal and deformation stability of the highway
embankment in warm permafrost regions[J]. Cold Regions Sci-
ence and Technology, 2010, 63(1/2): 78 — 86.

Sheng Yu, Ma Wei, Wen Zhi, et al. Analysis of difference in
thermal state between south faced slope and north faced slope of
railway embankment in permafrost region[J]. Chinese Journal
of Rock Mechanics and Engineering, 2005, 24 (17) : 3197 —
3201, [e, S, R, . AR L X BB D]
IR L 22 50 W (3], &40 T34 5 TR 22 4, 2005, 24
(17): 3197 - 3201. |

Bonacina C, Comini G, Fasano A. Numerical solution of
phase-change problems [J]. International Journal of Heat and
Mass Transfer, 1973, 16(6): 1832 - 1852.

Lai Yuanming, Wang Qiusheng, Niu Fujun, et al. Three-di-
mensional nonlinear analysis for temperature characteristic of
ventilated embankment in permafrost regions[J]. Cold Regions
Science and Technology, 2004, 38(2/3): 165 — 184.

Lai Yuanming, Zhang Mingyi, Liu Zhiqgiang, et al. Numerical
analysis for cooling effect of open boundary ripped-rock em-
bankment on Qinghai-Tibetan Railway [J]. Science in China:
Series D Earth Sciences, 2006, 49(7): 764 — 772.

Niu Fujun, Liu Hua, Niu Yonghong. Study on the freeze char-
acteristic in roadbed-culvert transition section along a high
speed railway[J]. Chinese Journal of Rock Mechanics and En-
gineering, 2014, 33(3): 639 — 646. [ &R, XI1E, F K
L1 v R R P B R S AR IR IR I [T ). A
5 TR, 2014, 33(3): 639 - 646. ]



1266 7K Ji| 7 + 42 %

Numerical analysis on freezing characteristics and thermal influence areas of
roadbed-bridge transition section of high-speed railway in cold region

LIU Hua', NIU Zelin', NIU Fujun*’, ZHANG Nan', LU Jie'

(1. School of Civil Engineering, Xi’ an University of Architecture and Technology, Xi’ an 710055, China; 2. State Key Laboratory
of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000,
China; 3. University of Chinese Academy of Sciences , Beijing 100049, China; 4. School of Architecture ,

Xi’ an University of Architecture and Technology , Xi’ an 710055, China)

Abstract: With the gradual development of high-speed railway in cold region, a large proportion of bridges
were used to cross the complex terrain and roadbed-bridge transition sections were appeared. For the discontinui-
ties changes of stiffness between bridge and roadbed, and the anti-frost properties difference of geomaterials, the
uneven frost heave could be triggered and reduce the comfort and safety of the vehicle. In this paper, the equa-
tions of heat transfer about soil freezing and thawing were considered to analyze the freezing characteristics and
changing process, with the parameters of model which derived from Harbin-Dalian high-speed railway. Then in
the optimal design stage, three different models were analyzed for the four parameters of frozen area, perimeter,
ratio of length and width, and transverse thermal disturbance distance. The results show that the model of insula-
tion layer and non-cone slope provides a better effect for the roadbed-bridge transition section, as just consider-
ing thermal influence.

Key words: high-speed railway in cold region; roadbed-bridge transition section; freezing characteristics; fill-

ing mode; thermal influence areas
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