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Fractured-rock laver thickness of hichwav embankment in nermafrost regions
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(1. Department of Civil Engineering, Shaoxing College of Arts and Sciences, Shaoxing 312000, China; 2. State Key Laboratory of Frozen

Soil Engineering, CAREERI, CAS, Lanzhou 730000, China; 3. The First Highway Survey & Design Institute, Ministry of

Communications, Xi'an 710068, China)

Abstract: Occurrence and development of winter-time natural convection cooling effect in the fractured-rock embankment of

Qinghai-Tibet highway were investigated using the governing equations based on air-flow function for natural convection in

porous media with variable permeability. It was shown that winter-time natural convection in the fractured-rock embankment

began to occur in the side slope portions and developed from two side slope portions to the middle portion of embankment with

lowering of surface temperature. A natural convection index for representing the cooling effectiveness of winter-time natural

convection in the fractured-rock highway embankments was introduced. There were three regions of the variation of the natural

convection index with thickness of layer in the highway, i.e., zero region, rapid increase region and no appreciable increase

region. Thicknesses of fractured-rock layer in highway embankment corresponding to the initial point and end point of the rapid

increase region were defined as the minimum and maximum thicknesses of fractured-rock layer constructed, which triggered

winter-time natural convection, respectively. Evaluating fractured-rock layer thicknesses of highway embankment with various

grain sizes was performed.

Key words: permafrost; air cooled embankment; natural convection; fractured-rock layer thickness; Qinghai-Tibet highway
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Fig.1 Computational model of fractured-rock embankment
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Table 1 Physical parameters of various materials
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6~8 cm %41 0.0~1.8 1490 0.396/0.396 1250/1250 0 438x107°
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Table 3 Minimum and maximum thicknesses of fractured-rock layer for highway embankment under various engineering conditions

IEf 1 FEE i 20°C

4% 1L FE AR R 16°C

BT IE 3R 13°C

HORIEE/m R,=4.5 R,=37.9 R,=4.5 R.=37.9 R,=4.5 R.=37.9
Hupin  Hna Hupin Hiax Hywn  Huax Hyn  Huax Hain  Hupax Huin Hax
4~6 cm 027 174 084 2.8 030 178 095 3.15 035  1.84 1.06  3.59
6~8 cm 0.19 165 0.57 220 023 167 0.65 235 025 170 0.73 253
8~10 cm 0.17  1.64 0.50 2.08 0.19 165 057 220 022 168 0.64 234




55410

AT S22 T S S et S T AN A 320 ) A G it S 1
Eobhze, 8 A0 (20 M5 EEnh g
ERGEI Y, DMEIER L BR S 1I F i

5 XINIGIE

AT IRAREE B I RS 50 emx50 emx65 ecm. B¥
J55 om HIZE AR, £ N BNES SE KT IK R Y AT o
FERE N E S PR 10 em B3 (0], H] T 22— A n]
IR R AR o, THUBR S — & w BRI L B 11
T BLE AR E, HEAM R G A B AR B L 7.
SR i g, DAB NI i) Al R £
FAE AT JSE A A A S ) R £ A R A 2 R
AR 1] 5 A A0 A 2% 1) = HE P e BELA SR 28 R A T
Horp, rpail—4F (40 A 12 2, PRAREEE 5 em
Mo 4y, A 477 3, ARRESAERARRE P
L5 m A B s, R S & U
PUAHE ) DTS00 BUECRAL A RE (FIE.

Eﬂiﬂlﬁmlq -

| NN
it - - - ,.-! i
______________________ %
“1[ r11’ ﬁ
X
T 1

WA AT b

A )

B 7 #Faite

Fig. 7 Sample of fractured-rock

KRR R 6~8 em AN R R FE AT 2 FEREAT T
BAE, BARIRES 0 W2 4. HR4E SCR[19]), B
ARPERA (1, 1) XFBERI Re=4n7, il (10D,
RREREAT A BN RS R 46 em, T ASIEUEATIRRE
KA (2, 1) WFBEI Re= 6.257%, *2 WFEWEA 2
e /NEEEZ 50 eme 8 8 ™1 AR B 1T 25 em
ARSI AR A, RPN IE . SN A AT 3 Rt
FEALYE T H A, 5 gl S AR —
R WIAREAR R FURRA . 18] 9 72 BEA R R &
i 40 cm Kb S E AR, FRBUR IEIRI 3 SR
T ES, MR 3 S B s, A
A P AU R AR AR JL TR [R) HL B e ) o 38R PR A SE P,
X5 (2, 1) XA R A A B,
FEILE 1E 2 R IR AR A AL S R Iy s i e 5
FE, MAERLE G R IR A R P2 T B AR L
Ro BRI, A 2SR R R Tt (100 SKRAH)
Ie/NRRERE, WRE AT AT AR PR G
o

IVREE, 2. BRI AR RN 457
*4 KHBY
Table 4 Parameters of sample
U FE % T AL == T i Fi T
we W e RIET O RME O BGEAGH
4y R oy Yopitil i Hpin Hiax
7 Jem - °C FC - Jem fem

AES <021 11.04 46 -
ANES -1.00 16.43 50 -
3 130 i -0.50 15.00 33 185

. — & e=l =4

| | | J
48 72 96 120 144 168 192

il

B 8 "1 FEARIRAETE 25 cm AL E T L AR A

Fig. 8 Measured temperatures in Sample 1, at z= 25 cm

— % = =

8 | | ] J
48 72 96 120 144
tifnl/h

B 9 "2 BAIRFELE 40 cm bR T L AR (E

Fig. 9 Measured temperatures in Sample 2, at z= 40 cm

iy SC AP HAT BRI M3 #aidiE T A
A RAUF A7 B RO BRI BE ) o 4 T R A,
W Ry =27, W (100, W4 d/NEIEN 33 em,
HHEC (10> A 12), WA TR BRI EEZ ) 185 cm.
A, 425K (100 1 (12D SRAG ) d5 K 5 RE SO IR A
A1 )24 L RAT B 1) 4 % F SR IAT BRI 80

534, Harris® ¢ v [ B (L E 1 f B0 00 0 45
REW], 15 om LR WA HE o] LIAAAEAT 2 4F
Gk, MTARAR LD gl ok 2 RO E 2R, H
P Ay HE P (1) A~ R4 b 5 AT S8 AR ROk L o (1 d K2R
K 7.0 °C IXFPORIRIEAT 2 3R M 3 Js Ta A 5, M
B LIAR R R Z A Bz, W Re =3, JF
WA R R IE R 13.5 °C, thak (10), WA )Z
B/NEEEL 0 11 em,  SSEBRRE AT R R DLl 3L
B/NFREIE 4 em, AT, B R CRAT 8 AT
Wb RE ) o

[AItE,  FI B SRR TR A 8 R L8 S
A2 B P FAT By BRORS B P R T S, 2B TR




458 o

2006 4

MR A (10) #H TS, T SRR MR A
ZENT PRI AN I R Z IR %2, AR 8 A |2 HAR ISR
V5L WS 7 AT 0 2% R v - R B Al B 4 P ER S 4541

6 %5 B

ZE LT, ARSI AT AR i 2
I M ST S B e PR T 1, Bt A B 8 8 (1) AN
TR B b e ) DX R, MR AN R A
JELPE, FE AR TR REAS BRI AT R R R E R E
RN VHEEERI, E 2 B REAT I SR S 3 ) IR U
TER E SR AT T I S Rayleigh 200 Ry =4.5, 7EWEA
B e i) DX IR T U6 T 1 AR GHAT (K115 7 Rayleigh %5
Rac~37.9. ML 51N W R LW AT B AT 18R %
Bef el 250 P 1 SR R B, 2t T AR AR I PR i
ZRUC I B % R AT 2 U L B AR A, L AR
EEX . AREXORZEAR X 3 N EE, B AT BRI
F AR AR B R AT 2 )5 2 LU NI AR 2R 55 D 0,
TERAD 2 PR d /N BE e 2 B A 2 S EE T
GG SO, AR AT 2 R A 3 de K B S
NGB B, RUIIET AR AR EU A 2 1
FULFEAFAE— DA, FARN 4 T3 T4 AR
UL B O PP L B AT S AR B W o v e B
ST A B AT BB, R B2 R BOUA TS T
ANTRDRLARRAEAT () d5 /I8 JE B R B K SRS & de i, il 6~
8 cm FLARREAT A URE IS5, S0UF T 3T [ AR R
FOTf A R 2 R R R T S, SO S BRi LR 3
TR BN HL AT B S .

B35 3Rk -

(1] SEEENE, AR, 314 1. 37 B2 B 2 4R R 1 DB S A i ¢
ST VKN L, 1998, 20(1): 36 - 41. (WU Zi-wang, ZHU
Lin-nan, GUO Xin-ming. Critical height of the embankment
in the permafrost regions along the Qinghai-Kangding
Highway[J]. Journal of Glaciology and Geocryology, 1998,
20(1):36 - 41.)

(2] BB, AL, £ FER R SR TR(M]. 220 220
2 R #E, 1999, (ZANG En-mu, WU Zi-wang. The
degradation of permafrost and highway engineering[M].
Lanzhou: Lanzhou University Press, 1999.)

[3] FEFEIHER. Jaj b P 2 06 20 4 5 L 40 A1 110 5 i B HE % 34 gk 2k
Bk R[], P EERE (D4 2003, 33(6): 602 - 607.
(CHENG Guo-dong. Influence of local factors on permafrost
occurrence and their implication for Qinghai-Xizang railway
design[J]. Science in China (Series D), 2003, 33(6):602 - 607.)

(4] ZFR N, FEIEBR, $EARAT. UM S AR 2 1F B 7 i R 2%

R AR A EER]. P EFRE (D ), 1996, 26(4):
342 - 347. (LI Shu-xun, CHENG Guo-dong, GUO Dong-xin.
The future thermal regime of numerical simulating permafrost
on Qinghai-Xizang (Tibet) Plateau, China, under climate
warming[J]. Science in China (Series D), 1996, 26(4): 342 -

347.)

[5] WU Q, ZHU Y, LIU Y. Evaluation model of permafrost
thermal stability and thawing sensibility under engineering
activity[J]. Cold Regions Science and Technology, 2002, 34:
19 - 30.

[6] LID Q, WU Z W, FANG J H, et al. Heat stability analysis of
embankment on the degrading permafrost district in the East
of the Tibetan Plateau, China[J]. Cold Regions Science and
Technology, 1998, 28: 185 - 188.

(7] E8AT, DR, W 245 R 1 1l DB A S ot E WA
[J]. AR, 2003, 36(4): 94 - 98. (WANG Tie-hang,
DOU Ming-jian, HU Chang-shun. Study on critical thickness
of subgrade in permafrost area[]]. China Civil Engineering
Journal, 2003, 36(4): 94 - 98.)

(8] FHRAT, WML, 2% 7, A%, 758 e Jol 2 45 VR b i X S8 Pridy
FRk 2 Al B B B D). b B FE (B8, 2003,
33(7): 655 - 662. (WANG Tie-hang, HU Chang-shun, LI
Ning, et al. Numerical analysis of ground temperature in
Qinghai-Tibet Plateau[J]. Science in China (Series E), 2003,
33(7):655 - 662.)

[91 YU W B, LAl Y M, ZHANG X F, et al. Laboratory
investigation on cooling effect of coarse rock layer and fine
rock layer in permafrost regions[J]. Cold Regions Science and
Technology, 2004, 38: 31 - 42.

[10] 530, 1 &L, K&, S5, Ay Pl £ e DX i TR
ofie I [I]. 0K 1 L, 2003, 25(6): 632 - 637. (FENG
Wen-jie, MA Wei, ZHANG Lu-xin, et al. Application of
riprap slope protection to roadway engineering in permafrost
regions[J]. Journal of Glaciology and Geocryology, 2003,
25(6): 632 - 637.)

[11]SUN B X, XU X Z, LAl Y M, et al. Experimental researches
of thermal diffusivity and conductivity in embankment ballast
under periodically fluctuating temperature[J]. Cold Regions
Science and Technology, 2004, 38(2/3): 219 - 227.

(12] FGEHE, T 40, Bz i, 55, AL A S0 Bl i [ 2R X i
P G AR BOSE R mI ). AR TR I, 2004, 37(1):
99 - 103. (SUN Bin-xiang, XU Xue-zu, LAI Yuan-ming, et al.
Influence of natural convection on determining thermal

conductivity of ballast under periodically fluctuating



55410

FAE, 55, DEFEH KA

Nl Al 459

temperature[J]. China Civil Engineering Journal, 2004, 37(1):
- 103.)

[13] FhGHE, 4L, B ], 5. WA RN 8 X B3 B 200
LN [ A (] 1 TR 41,2004, 26(6): 809 - 814,
(SUN Bin-xiang, XU Xue-zu, LAl Yuan-ming, et al. Impact
of ballast grain sizes on natural convection cooling effect of
embankment in permafrost regions[J]. Chinese Journal of
Geotechnical Engineering, 2004, 26(6): 809 - 814.)

[14) TReFH, FhOUEE, 240K, 45, 14 S LR FA W sh 40 1 T e
A1 R E AR AL A [D). A - T REAAAR 2003, 25(1): 91 -
95, (XU Xue-zu, SUN Bin-xiang, LI Dong-ging, et al.
Changing laws of temperature in ballasts under periodic
fluctuation of boundary temperature [J]. Chinese Journal of
Geotechnical Engineering, 2003, 25(1):91 - 95.)

[15] oA, PhatEe, A ], 5. 75 BBk B 1 A i LA S0 A8 1)
ﬂ%%ﬁmaﬂMﬁhNMJmm1m—uumux%m,
SUN Bin-xiang, LAl Yuan-ming, et al. Study on the long-term
effects of ballast embankment of the Qinghai-Tibet railway[J].
Journal of Glaciology and Geocryology, 2004, 26(1): 101 - 105.)

[16] #uiz W, 5K, sKkifan, 55, “UIRAZME 4 1T T i iRk i
A0 B R () B 9OR (0] B AR, 2003, 48(3): 292 -
297.(LAI Yuan-ming, ZHANG Lu-xin, et al. Cooling effect

of ripped- rock embankments on Qing-Tibet railway under

climatic warming[J]. Chinese Science Bulletin, 2003,
48(3):292 - 297.)

[17] LAl Y M, ZHANG S J, ZHANG L X, et al. Adjusting
temperature distribution under the south and north slopes of
embankment in permafrost regions by the ripped-rock
revetment[J]. Cold Regions Science and Technology, 2004,
39: 67 - 79.

[18] GOERING D J, INSTANES A, KNUDSEN S. Winter-time
convection in open-graded embankments[J]. Cold Regions
Science and Technology, 1996, 24: 57 - 74.

[19] NIELD D A, BEJAN A. Convection in porous Media|M].
New York: Springer-Verlag, 1999,

[20] LING F, ZHANG T. A numerical model for surface energy
balance and thermal regime of the active layer and permafrost
containing unfrozen water[J]. Cold Regions Science and
Technology, 2004, 38: 1 - 15.

[21] ISHIKAWA M. Thermal regimes at the snow-ground
interface and  their implications for  permafrost
investigation[J]. Geomorphology, 2003, 52: 105 - 120.

[22] HARRIS S A, PEDERSEN D E. Thermal regimes beneath

coarse blocky materials[J].

Processes, 1998, 9: 107 - 120.

Permafrost and Periglacial

FT=RIEMNENERELTTIESR

2007 4

WA= A RS TR B B R TR
4> (Indian Geotechnical Society) FEdp, KT 2007 4512 H 10
— 14 76 B R &% % A JF o 2 U0 Bk O X B
www.13ARC2007.com.
LW EEVE: OLMWE L wRtE: @8virRg 1, @5k
AL T AAR EAE I, @A a5k s TR ©®
Wi T LR @A A TREREET: @RI @HRE TR
@5 TR LR, MARICHEPT KWK @LT
GRS . ORERR LB HT: B KRG

WAE @ A

212 H 10—14 H

g £
PEASVE I 8 S [ R TR S b R
FEor AT . WSSOI 2 f) KSR A I )y 2007 4F 3 1
31 Ho i e B, &5y BT ez i o,

Tt D AR A 18 3

IR A B M oA T RS L ¥ s L TR
Iy4%: cismge@tsinghua.edu.cn, TEW] “H5+ = Jm i 1 2% M
#E TR,

(PFELARIBFREIANFRELIRSR #F)





