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Dynamic response of high filled embankment under earthquake in
plateau permafrost areas
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(1. School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China; 2. CCCC First Highway
Consultants Co. , Ltd. , Xi’an 710068, Shaanxi, China)

Abstract: Aiming at the problem that embankment in permafrost regions of Qinghai-Tibet Plateau was
severely damaged under earthquake action, dynamic response model was established based on engineering
geological conditions of G214 Highway, and the measured earthquake acceleration data of Xining station,
Dawu station, Dulan station were collected as boundary conditions. The dynamic response of
embankment under average annual ground temperature of —0.2 C, —0.5 °C and —0.8 C were
calculated. Based on this, the influence of temperature on embankment dynamic response was
studied. Based on the temperature field calculation results of January, April, July and, October,

influence of different seasons on dynamic response of embankment was calculated. 5, 10 and 15 m
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filled embankment were taken as samples, the dynamic response of embankment is analyzed with
dynamic response. At the same time, considering the effect of cold and hot slope on embankment
stability, the dynamic response differences between cold and hot slopes were compared. The
influence weights of various factors on the dynamic stability of embankment were compared and
analyzed, and the main factors were determined. The results show that the influence of filling
height on stability of embankment is greater than that of season and temperature conditions. Peak
value of hot slope side displacement is greater than that of cold side because of cold and hot slope
effect. Horizontal displacement at road shoulder in hot side is 42. 9%, which is larger than that
of cold shoulder, and horizontal displacement at slope toe in hot side is 42. 8%, which is larger
than that of cold side. October is the most unfavorable season for strength and deformation of
road base. The higher temperature in permafrost, the larger the peak value of displacement of
subgrade top and slope toe, and the effect in slope is remarkable than the center point. Cold and
hot slope embankment has obviously difference displacement in hot and cold slope under action of
earthquake, and the hot slope side has higher instability risk than cold side. 6 tabs, 11 figs, 25
refs.

Key words: road engineering; permafrost; FEM; earthquake; high filled embankment; dynamic

2017 #

response

0 3

TS RO R 4 500 m DL L, KRS EE
R PRI S A1 24 AR A 76 URR 1Y 3 2R M B B
B AE T RS BREFH L HHY 15X
10° km® , [R) Ao 75 K g DA Al 2 o [ 5 7R 22 Ok IX 5k
Z—. 1980~2010 4F, iz Hb 3k & A= 4t 14 K 6. 0~
6. 9 HLZ .3 K 7.0~8.5 i HiE., 2001 4E 11 A
14 H 785 #m IR RS I X &A1 8. 1 Zih 7% (i
FIRAHE X M HMA R Z R, 2010 44 4 A
14 H.HHE ERHIX RAERRK 7.1 FR Rk R
2 FEUX N 2 A0 B BLUTRE E 3 B R 0
JSGIE A R b R KX T % A T A R e K
S RO S b A AR SR I EE T MR A R Y
NGT GG e o 0F 7 980 e J5 I b 1) 75 98 2
P(GLOD FMZ F % £ X 624 km' "™ ; 7 4k 1% 5
M2 AR R+ X 29 550 km' ;1985 ~2012 4%, fi T
15 AR % ) R (P9 T — A, G214 A B R +
FEANHL IR WM e R R B IR B S AN S £
ARV BT RS 232.4 km' L (EHLR Y ZAR TR
OB 2 T 2 H DX % BRI R e O B R R AR
EMREAEZMH AR EZEREZ —, &
1T+ BT 2245 U 2 0 Y B0 3L Ty 2 1 o R A 2 1Y
B 1R A AN D B 2 A IR FVEU(E
AT T ST . SR A 5E 5 T : Vinson 45 i i
550 BB 9T T UR 45 56+ AR 45 00 £ sh Ji et s

T

BATAE T T 0k £ 09 3 I 4k S B0 E T
B R AT MR R L B ke
BRSNS H LI s Ting S WF5E T RSP 119
B9 BE R s Finn SE0F5E T s 4 b Bl 2 B ik 1
) 3t R AL VE - o BB G0 AT T T < 2% WU 45 1 X
T MR % 14 U e S 2 g 0 A AR R I M 75 9K AT
TVRAG s BB A ST T 2 AR VR L 2 o 7R
N3 S % R R R B 0 R IR L 2
V5 o B 1) b 52 ) 7 [ AU — A~ SR 2% A AR AR ELAR
JHITRI A 5 DA 3 52 368 s S 35 1) A 5 DR T ML R 0T 1 1
7 e R 1 B A o 5

RIS R AR T W 3RO B A ) 8l g 2 ) o AL
HELLL G214 Wr R M AR 1R D 1 S Sr T B AR Bl ) i
PLFRRIRL ., LAVY T B ul ORI G ol VAR 22 B o SR S
0 b, 552 3 KA Sy i 0 A 8 e Ak B B AT
SERERY A R 21 il BE S A0 S 1 3l g
JLARFAE I 38 BBOHCAS [ I 220 89 157 g B Avi ¥ 3530 48k »
AT BT W 5 i BT 6 ik 1) 34 5% 0y W )V g U 3
AT % 20 T R Ak 42 A A

1 EgHHr

L1 HAFEFER

TR 22 4F VR b DX | ot B el 2 it EL 4% 1] [+
P o B s T WA AR 2R R AR T AR e B A
E B, PP HE R A R i S Bl o 9 4
e h



%4 KA E REN T BR S5k LR S Y%k 08 69
O | o _ Ou F2 ERTHEHSY
(A+G)£+G\/ u_‘oa? Tab. 2 Heating transfer calculation parameters
3 , %y Ca/(MJ « (kg *|Ci/(MJ + (kg » | Au/(J * (m+ /(J+ (m-
(A+G)@+GV“U:pai? [@D) LK 2 J 8 f ] g A/ Ai/(J ¢ (m
oy ot )b ) s+ | s 0D
o€ ) d%u B4 I OB 2.12 1.85 1.48 1.64
A+ =4+GVw—pg=p=—
oz V PE0 o it 2.31 1.74 1.72 1.85
Horp WA 1 1.98 1. 80 1.42 1.65
nE A2 2.22 1.84 1.21 1.47
AT AT 0 20 — ‘ ‘ :
# # BE A, DL G214 2 [ Uy 2k 5T 2% 14 A 461« b 3% DA
§=ete T FlmG—%E R £.2~10 m HH +.10 m
G:72<1i ) DI R 2B e e [, 2 B3 AR /N . 5t — %
;L

KA NHEEGe A ERBINAS 52 FEFE] w0 w 43
SRS TR 2y 2 IE T LR 7 50 N+
JZEERE G AU & s E S SR AL 5 0 AN EL s
NS EDALE A !N R SN

B A b ERGEHE N ¢ ARMIIEN w
A M ZE S E R R o (OB R E RGN
AHXF AL B L AH X T RE L A X B A R & (o).
& () () HRYEh F - 7 ] A

2 (D +2wox (1) Fawlx(t)=—a(t) (2)

B 2O B alfe BUs iRl e oy A a0 0w
1= (G — 1) At I Z0 A AN BE SRR . ey v
£ B = G— 1) Ac I 2 2 55 AR X0 L A
X R RS I L 5 o R RO R A AL =1,
2, NON HFESHO . W=N D B HOE 8

1;71+2C¢u0x;71+w31j71:*aﬁl (3)
1.2 HESHEE

TE IR B S S b b R AT 3 1 50 B T AL B
S 2 T A S R SRR TR 7
Wi s T A B I e <R T o

T=T,—Asin(2xt/8 640+x/3)/2 4)
KTy FPEHR CC) A HRIBAEEIRIFCC) .

NHFME AL 1 s,

x1 BELREH

Tab.1 Temperature boundary conditions

it T [RER/A

BT T=5.5+16. 5sin(2xt/8 640+m/2)
TR 3 T=—0.5+10. 5sin(2x¢/8 640+7/2)
FF 3 341 5 T=2.3+14.5sin(2nt/8 760+ x/2)
A 3% 300 57 T=—1.8+14. 5sin(2xt/8 760+ x/2)

22 M R B HLTE FIBE 58 R . 45 2 4 B 25
w2 FroRt e, Hod G Co g i R i b R
FEER s A0 A 20 3l R R R R R

PAA% P G Dy B Al L 0B O 2 7P 9 2 Bt Ay

SEA I AT R S A B R i S
W 3 FiR.
®3 BERESHEIR

Tab.3 Calculation conditions of embankment temperature field
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Tab. 4 Calculation parameters for dynamic response
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