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EXPERIMENTAL STUDY ON AIR-COOLING EMBANKMENT WITH
RUBBLE SLOPE PROTECTION ALONG QINGHAI—TIBET RAILWAY

WEI Jing" 2, XU Zhaoyi', BAO Liming?, GE Jianjun
(1. School of Civil Engineering and Architecture, Beijing Jiaotong University, Beijing 100044, China;
2. The First Railways Survey and Design Institute, Xi'an, Shaanxi 710043, China)

Abstract: The construction of Qinghai—Tibet Railway in permafrost regions is mainly confronted with three
frozen soil problems, i.e. the thaw settlement, frost heaving and unfavorable features related to frozen ground.
Among which the thaw settlement is a main reason for embankment deformation and destruction. Therefore, it is
the chief problem to resolve in the engineering design for railway embankment due to the unique natural
conditions on the Qinghai—Tibet Plateau. Furthermore, under the condition of global warming, in addition of
keeping the landform, terrain and hydrological conditions of permafrost regions, the design should be initiated
from railway embankment structure itself to create a proper condition beneficial for permafrost existence or
development. To solve embankment stability problem in high temperature and high ice content area after the
railway construction, a kind of positive measure to protect permafrost, i. e. air-cooling embankment with rubble
slope protection, was designed to control ground temperature field in case of embankment deformation caused by
permafrost thawing. Hence, experimental project, air cooling embankment with rubble slope protection and
common embankment were designed and conducted in Qingshuihe, a field test section of high-temperature fine
grain frozen soil region along Qinghai—Tibet Railway. Based on monitoring data of ground temperatures and
settlement for three sections after two freezing-thawing cycles, the ground temperature, accumulated temperature,
maximum thawing depth variation and deformation feature of these two kinds of embankments were analyzed
comparatively. It was shown that the air-cooling embankment with rubble slope protection showed a better effect
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on decreasing ground temperature, lowing minor accumulated temperature, elevating the maximum thawing depth
evidently and reducing settlement than those of common embankment. Therefore, the air-cooling embankment
with rubble slope protection, as a kind of conveniently and widely used construction measure, was a positive
frozen soil protection measure for its effectively decreasing ground temperature and protecting permafrost.

Key words: slope engineering; Qinghai—Tibet Railway; rubble; ground temperature; accumulated temperature;
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Table 1 Accumulated temperature of left shoulder hole in each section from 2002 to 2003 Ced
DK1026+155 DK1026+190 DK1026+230
Ay
20024F 20034 ZE{H 20024F 20034 ZE{H 20024 20034F ZEH
it e i) 2032.90 982.86 —1050.04 1026.73 85.86 —940.87 2963.67 3446.77 483.10
B rpg —12.91 —507.42 —494.51 42.78 —282.10 —324.88 471.41 377.36 —94.05
B IETE IR 209.60 —198.35 —407.95 49.06 —128.10 —177.16 54.50 34.64 —19.86
#£ 2 KW 0L 2002~2003 £ XS
Table 2 Accumulated temperature of center hole in each section from 2002 to 2003 Ced
DK1026+155 DK1026+190 DK1026+230
Ay
20024 20034 ZEH 20024 20034 ZEH 20024 20034 ZEH
KM —362.68 —244.46 118.22 —329.90 —270.32 59.58 —145.04 —197.60 —52.56
P HE 18.48 —232.67 —251.15 —23.34 —323.28 —299.94 52.85 —145.42 —198.27
LA 118.66 —78.82 —197.48 92.79 —113.48 —206.27 —26.16 —59.95 —33.79
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Table 3 Accumulated temperature of right shoulder hole in each section from 2002 to 2003 Ced
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LIS —148.08 —212.34 —64.26 —241.25 —360.75 —119.50 —119.01 —169.11 —50.10
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Fig.9 Deformation-time curves of left shoulder in section
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Table 4 Accumulative deformation statistics of each test section
¥ Imm
W I

MR BEEPEEY  AMIEEREY AEEASSE(AY AMERGY  BEEPEET) AR A RS S (8Y)

DK1026+155 —99 —82 -91 -79 —98 —81 —86 228

DK1026+230 —180 —177 —172 —161 —141 —133 —132

#5  HMAK T RS RIAR FEH R K

Table 5 Accumulated deformation and deformation rate of each test section in different years

- DK1026+155 A= |4 T DK1026+155 47 {2 fii DK1026+230 7= {4 1fii DK1026+230 A7 {7 i
i THImm BREE/(mmd ) BEmm  BEEE/(mmed YD) ABmm BEEE/(mmed YD) BEmm AZEEE/(mm e d Y
2002 4 —46 —0.152 —47 —78 —0.257 —81 —0.269
2003 —53 —0.146 —51 —102 —0.281 —80 —0.220
&l —99 —0.149 —98 —180 —0.270 —161 —0.242




+ 1068

HA D1 TRER

2006 4F

FERLIN, TRV R A P I R RS DN AN B B U
B
5 & &

Zra Ll bart, AT SN 4518

(L) A kX b gt I 1) A P A0 K Rl e ¥R A
W58, HEIRE W A SR I B i B S A
FEAAR N IR A Bl ORI 2, 46T HA - B RRAE A
BA S, TS B B 3 37 B P ) AR AL R B

(2) AR MR 26 . A7 B S L AL
ANFIREE . ASFAE BRI AR o, 25 SRR
ATV AP S T AL T BRI O BT .
Ab, AR I B e e (B ) B U 8 R
it

(3) X} DK1026+155 Fll DK1026+230 Wi ifi(1)7%
TE I BRI T RIS TR W], A e 4
T 4500 00 B B T P R /S, BRI RIS I,
AR RN B TR AN ST R, %
BTGB TAE -

DRI, A R 3P S it e 0% 4 B (I bl
TR 2R LRI, IR TS5 5 7 A0 e T
PRI E, M. S AR 2 E
HRY ZAE VR T

S X ik (References):

BLORE A8, TR TR B R BCR S B AR M

VLN A )% 5 TRk, 2003, 22() 2): 2 664 - 2 668.

[11 &

(Wen Zhi, Sheng Yu, Wu Qingbai. Dynamic monitoring of thermal
state for shallow ground in Qinghai—Tibet Railway embankment[J].
Chinese Journal of Rock Mechanics and Engineering, 2003,
22(Supp.2): 2664 - 2 668.(in Chinese))

TR e AR 2 AR R L LR

BRI T]. A0 1255 TRE244R, 2004, 23(24): 4 190 -

[21  PMEZE, TER, AU, 5

4 194.(Sun Zengkui, Wang Lianjun, Bai Mingzhou, et al. An
experimental study on deformation of railway embankment in high
temperature and fine-grained permafrost regions along the Qinghai—
Tibet Railway[J]. Chinese Journal of Rock Mechanics and
Engineering, 2004, 23(24): 4190 - 4 194.(in Chinese))

[8]  Arfriti, FEEMR, FaR. A ShE I KN HECR T[], &

4

[5]

[6]

(71

(8]

[9]

[10]

[11]

£ 1% 5 TR, 2004, 23(24): 4 221 - 4 228.(Yu Qihao, Cheng
Guodong, Niu Fujun. Effect analysis of auto-temperature-controlled
ventilation roaded[J]. Chinese Journal of Rock Mechanics and
Engineering, 2004, 23(24): 4 221 - 4 228.(in Chinese))

RO, T E, W B TR sy BRI N R AR
PRI FE ], Pl TR, 2003, (4): 22 - 25.(Sheng Yu,
Ma Wei, Wen Zhi. Effect of high embankment on the thermal regime
of underlying permafrost in Qinghai—Tibet Railway[J]. Journal of
Railway Engineering Society, 2003, (4): 22 - 25.(in Chinese))
oo, FEEMR, READ. R s b A o MR RN
FHREA]. 7 L TR, 2004, 26(4): 537 - 540.(Ma Wei, Cheng
Guodong, Wu Qingbai. Study and application of idea of dynamic
design in Qinghai—Tibet Railway construction[J]. Chinese Journal of
Geotechnical Engineering, 2004, 26(4): 537 - 540.(in Chinese))
g, BEK, RN ZEER X EZ EHUE T AT
FE[). UK)I% ., 2002, 24(5): 579 - 588.(Ma Wei, Cheng Guodong,
Wu Qingbai. Preliminary study on technology of cooling foundation
in permafrost regions[J]. Journal of Glaciology and Geocryology,
2002, 24(5): 579 - 588.(in Chinese))

PR MR, VA RIBR AR 07 VRS s ek i [0, P [ BRaE Rl
2003, 24(3): 1 - 4.(Cheng Guodong. Construction of Qinghai—Tibet
Railway with cooled roadbed[J]. China Railway Science, 2003,
24(3): 1 -4.(in Chinese))

SRR AR AT SR A BRA R K S Ak R B RS
AAYERIHTFIR]. M pBRPEALRIERT ST, 2004.(Northwest
Research Institute Co., Ltd., of C.R. E. C.. Study on embankment
with rubble slope protection in Qingshuihe Area with fine grain and
high temperature frozen soil[R]. Lanzhou : Northwest Research
Institute Co., Ltd., of C.R.E.C., 2004.(in Chinese))

BRI BB, TR 2 AR L X R SR SRR (R B
SR BSCR R s —— R 4 8 e () A A T BOR B T SR,
AN BRIESE— Mg BETHBE, 2004.(The First Railway Survey and
Design Institute. Experimental study on embankment with rubble or
crushed rock slope protection[R]. Lanzhou: The First Railways
Survey and Design Institute, 2004.(in Chinese))

Goering D J. Passively cooled railway embankments for use in
permafrost areas[J]. J. Cold Regions Engineering, 2003, 17(3):
119 - 133.

Goering D J. Air convection embankment environmental feature
design[R]. Fairbanks: The Alaska Department of Transportation and

Public Facilities Statewide Research, 1997.



