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Abstract: To analyze the dynamic stability of embankments along the Qinghai— Tibet railway in perma-
frost regions under train loads, a two-component acceleration observation of vibration responses at three
typical railway subgrade sections in Beiluhe and Erdaogou were performed. The vibration attenuation law
and vibration characteristics of the subgrade induced by passenger trains and freight trains were analyzed

and compared. The vibration response of subgrades to trains with differing protection forms are dis-
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cussed. The results suggest that the frequencies of vibration on the subgrade mainly focus on the range of

40 to 80 Hz. The dynamic response of the subgrade is affected, apparently, by the subgrade protection

form. The dynamic response of thermosyphon and crushed-rock subgrades is at the minimum, followed,

increasingly, by the crushed-rock subgrade and the subgrade without any protection. It is therefore sug-

gested that the subgrade should be protected. This study can provide a measured basis for dynamic stabil-

ity evaluations of subgrade under train loads of the Qinghai—Tibet railway, and the conclusions can pro-

vide a reference for analyzing the dynamic stability of subgrade in permafrost regions.

Keywords: Qinghai—Tibet railway; train-induced vibration observation; vibration attenuation;

frequency spectrum analysis for data; permafrost region

0 3§

T [ 1) 24 U 43 A TR 24 0 R 2 AR
FUY 1020 53R FE 4+ mAAY 215 %0, i B
S, B AR TR A PG AE A AR G b X T R
JEAE R e B 5 — B B, Z AR R R i N Iz
T PR 56 A ThE A A e v R B I K 1 v Ak B
AR IR A B H7 5% BEZE AR T 546,41 km B AR
B TR AR A A R E TS B R £
DX R M Bl o 56 0 B B L e TR [ 9 XK ik
H A P R LR GEE I 2 H 25 R B4 3 fer 7 A Bl
AUV S VR - Sy kI I R (R B B 45 B e Il A H
R R R WS s R e, 3
I 43z i e A R s R AR e A 2 o, k@
S5 2 FH T A R 6 B R A B DO R AT T
Ak 50 A7 P b R AT VR - I S A DT R A I, O
WA PR VR - 6 6 R M T SR R R A1 5 35008 32 1
TR . AR TR E RN, B BR A AR B
ARRE 5 20 28 70 AR L 30 B0 A7 ok R R
HIAE R ETF T 0.2~0.4 CHY 314555 5 55
JEI) 22 47 5 A DX g AR 1, DRI 2 7 7R Ak B o 35 1Y)
FEPRRIE AR TARK M

T OB B AT DR &R T mEEAEH L 9 KB
FT IR % 9 4 (& 22 RIS 31 4 (1% 42 ib 8 191
B 14 5] 2 g 2RO 22 AT VR - I R B R R T AR

S, W 30— 25 VA 81 A2 K WIE TR W 2 4R 0K
6 R R M A 36 V) A e 0 I R XA T
K I 1E A2 T 1 DG R R 2 — o T R Bk I
FGEMEMBI — HEZ R E N EE KT, FEEil
T 0 R A B 3R Y B 37 b I AR T O BIF 5T L R R
A B AR Y BN UURE L BE B[R] R HERS L UIRE B T
R 0 A It 3R TR AR R I 3R ORI T R - s R 1 R
SET L MRAE TR AT A R N AR K Y R
BER TR A o 5 2k B AT B 5] R ) S
P 20 1 5 | EE A . e K e e A G R £

F18y 2y 558 R i Ay 241 20 K K0 1 o i e e

R T ST SN G Sl AR AE R 7 R B 2 AR R
FEIEA N T N . 2012 4F 5 H T UK B L T 2
AP VR - I B BT IR B B B R R A A B R
F I 3 A B B Bl T B RS EAEF T
¥ AR Bl R b ik 3 5 B UL L BF 5T £ 4 R 1K
BRI i BETE B R Bl ey B T B9 3 g e

1 ER37 3

1.1 i 37 b4 %

P T A Ak % £ I e L O e 2k B T LA AR
FENE I 2245 VR - Ml X A0 TR T B B AR T A
=y I S ) QT 1 o R T RU AL = R
JE S5 M AT R AT B A R F L R
— R 10% ~50% . R FE R LMD, BT
AN R EE 4 B A RE T A G 0 R i XA
AR —37.7 C e LR A 23.2 °CLAEFHAR
ol —3.8 C. i Nk ZEIE, RRH L+ LR B 1.5
~2.0 m, H R PRI/ H —1.4~—1.6 C,—4
WIEHRG KR 7~8 M H 9 HBIRAEM 4 H L i
RAFIERE 14 om, J&@ S R T R ARIK, €L T
B R A2 S, R, 28 kK w R TR
KN RIRZEREHE XM, B 1 A RR G
b/ SN B e T B
2.2 ESMEREZAMI

2012 4 5 A 23—5 A 25 Hi#kf7 TR BB 4MF
o, W ph 25 B FE B AR R B L P IR
AN TR ASE & 0 i 3 Sk i 6

3 A B AT T 43000 A - T TET T . DK1139-+ 820 Wi
AT, 4 TR R B R O I e A 4P 0 L A 7 b i), F
A0 A R 2R R B BE O 1) B 22 s b i T
DK1142+ 655 Wi, Je Ay B 5L OF = P 3 | i
AT RN SR L T A W R A AR R AR R B O [ Y
A5 i 1T s DK 1166 4550 (38 ¥4 W 1f . 3% 1 %

T %



%40 % 5 6

R L 2 - X7 G A 6 51 2 8 P K R 4 0 i R R 5 1155

S AP SR B ) » BT A7 00 A s A 2K B A 7 %
D7l B AT . W TR TR T T A S e L R BT A
S8R HR i A8 AP S e P )L 5 BB T LD K 9K 37 Ml AR AT 55
e R R DURE AN W A R IBOR 53 15 i . £ B
AN T R B AR L

A5 B0 BT A % R A DB T A8 M, M2 Al M3
IE 3 A A B AT LA 2,

B LR -1.2
2.0F 1.3Q
g =
g 150 -].4!;;:3
1.5%8
ﬂm- ey
% -1.65-
05 ].7&]‘
Oln = o o =) o v o 0'1'8
v S ) A NS S < X S
o S < o) ) = a o —_
+ T + + ¥ + + + +
— I I I I I a Q IS
= = = = = = = =x =
2% 2 o2 o2 2 o2 2 9k
&) @) &) &) a @) [a) =) =)
Hf/km

A1 FREBEERAGHE L ERAFHAE
(Dk1141+955—Dk1143+100)

Fig.1 Permafrost table and average temperature for natural
sites along the Qinghai—Tibet railway (from
Dk11414955 to Dk11434100)

i i L)
Ml/‘ﬂj\_/\
M2 v
ST HRIR AT,
. /¢Zau%+m

" F IR

BKE LR

L
N 252156 124

464 348 414 295300,

A2 YLmALE A& AR AKX (DK1142+655
Fig.2 Layout of monitoring instruments and subgrade

form (DK1142-+655 section,unit:m)

SO I+ 7 AR T 7 A D T A R 3 A A TR
Fisf A0 000 fE6 B b L v RSN R 7 B S EAE R
F18 b, & 1 B o 3 B

P37 W I 51 A3 20 7 A 4 D B R . [
SR b M AR R TR D S 0 5T T BIE R OF & Y
891-2 AU PRAX . 3@ A4 0.5~80 Hz, fill 8 FF 43 R
1X100 000, RAE &5 H 1 E 7R J7 Ik 2l g 75 4 R
WEFE TR EIE) INV360u [ 5 RES TR S, 17
S0 s 45 ) 5527 SO 3000 4 5k 19 ok i SR, AR o
R PE A AR B A R A R AT R AR AR T ) - T T
R It B AT (8 7K T ) SRR 8] Cy )DL T K E i

AR T ] SR RS ) (= o)) L X 22 81 %% 02 % 4 R 6 s 8
Bt AT T

2 WM HE ST

FE B3 UL I 3sk R rp 3 3 b R 2 A8, HOFR Y
S —15.6 C.BIEEIZ 0.3 m £ AR GL; %
£i48,0.3 m LY RERES R, =AW Sk T
ORI 10 11 31K 2 50 4 9 5% IE 5 4/ 1 5
FAALAE 4k 3k 21 DR AL, 315 A BRIl sk,
T2 TR A T S A BCHE SR, W oR
6 000 RAER FI R Bl 76 ~120 km/h, ¥k
XMLk ALk RSO0 NJ2, 8RB 5 YZ25T,
F 2012 48 5 A 23—25 H AT T I T4E.
2.1 SIEMHRERATHRERNMEZETBEME

G AT K I PR B 2 — B A R 5 AR R A A 2 2
ZeBEALAE A PR SN  HhB AT B A ) AR B Jn
R AR B R A AR AE B R T T %
TR R S T o R R A A W S — e
Xof I B i AL s 1 57 () — ) 45 B 220 3 4 XoF
L 1) S5 R AEL S A R 3] 2 308 3 b 00 A5 B 220 % 2 o
FEWR A B K. vz R HHEH [ay | mee
[ | s WU (1) 5 S 240 560 o 2 S 2498 30 57 T
— ) A% B 220 o R s XoF L 7 ST A4 R 4 34 %)
3 o BRI 5 3 Bl o R MR A ) KNy o T
FAAEE N (ay, [ a. w2,

la; | mx =max{| a; [} =x,y,2;

j:192339""N) (1)

Z; \a,,\
JT
i = x,y, 2 RS WG 0, RHES) G582 WT
T SR AR Y 7 D5 Il 5 j ST R 5% 5 N A IR 91 42
AT 2T T o S S PN BN . X 7 A R AR
(BB & P A HLEL A G0 S0, R R AR 9 42 o B
P Bl sk B B 7 0 AR A R 5 o bR . 3R 1 FNER 2
SRR SR G A5 2 A I B A A S T4

SERIELE IRV E g

(1) W [0 1 A 88 1 i 8 K oK P 1) 91 3 L
BER, TE 4% far 0 4F FH R, 8 1) 3k 2 i K (E 5 )
2.657 m/s";7E T166 K& - MIAVEH T » K 1) 4k 3
B ARAE AT X 2.054 m/s”,

(2) B 1] H% 2l ) d5e K 2 3 R K F UK OF 1 iR
Bl B I I B 3l DA RS ) Ry L 7 R AT Rk I SRR
s R R R R,

‘ a; ‘vir



1156 Wom T R % W 2018 4

=1 VLB B L R Bl e R 48 X I05E FE B E S (R AL m/s)

Table 1 Statistics of the average absolute acceleration values of the subgrade vibration responses (Unit:m/s”)

g HIIRES 4 ﬁfJfF A5 M1 A5 M2 W5 M3

W T 95 la: | lay [ la. | lay | i lae | i lay I
Qz7 ‘& K918 0.121 0.054 0.052 0.032 0.016 0.010
Q78 " 0.153 0.092 0.076 0.055 0.017 0.014
QZ9 I B T24 0.136 0.078 0.050 0.042 0.016 0.015
QZ10 i T166 0.156 0.081 0.034 0.033 0.012 0.013
QZ11 ®E T28 0.155 0.082 0.064 0.040 0.014 0.012
Q713 ®E T165 0.152 0.071 0.062 0.039 0.015 0.013
QZ14 % 0.132 0.072 0.051 0.042 0.017 0.016
QZ15 I 0.120 0.063 0.045 0.036 0.012 0.010
QZ16 " 0.161 0.081 0.055 0.036 0.017 0.014
QZ17 % 0.150 0.083 0.072 0.037 0.015 0.013
Q718 ®E K918 0.148 0.071 0.053 0.045 0.017 0.014
QZ19 pan T166 0.152 0.080 0.065 0.045 0.016 0.013
QZ20 ®E K9816 0.139 0.070 0.052 0.031 0.015 0.013
Qz21 s T266 0.142 0.072 0.042 0.031 0.014 0.012
Q722 % 0.113 0.084 0.048 0.040 0.016 0.015
Q723 i} i 0.141 0.065 0.060 0.037 0.018 0.014
QZ24 B4 T23 0.156 0.091 0.076 0.034 0.018 0.010
Q725 ®E T165 0.191 0.084 0.081 0.028 0.017 0.013
QZ26 "4 0.162 0.074 0.053 0.040 0.015 0.015
Qz27 LSS 0.109 0.067 0.034 0.021 0.014 0.010
Q728 % 0.181 0.079 0.081 0.042 0.019 0.015

=2 VLB e R AR B 00 B 48 X 05 B R KBSt (BB L m/s)

Table 2 Statistics of the maximum absolute acceleration values of the subgrade vibration responses (Unit:m/s*)

Gie HIRES . 3 2 5 M1 5 M2 5 M3
i) %> la:lms  lay|ma lazlmx  lay [max lazlmx  lay [ max

QZz7 g K918 2.101 0.998 0.552 0.231 0.178 0.098
Q78 i 2.425 1.074 0.577 0.440 0.198 0.101
QZ9 1 o T24 2.106 1.078 0.414 0.416 0.184 0.121
QZ10 KL T166 2.140 1.384 0.692 0.324 0.141 0.092
Q711 B4 T28 2.121 1.075 0.438 0.263 0.158 0.085
Q713 wE T165 2.152 1.071 0.513 0.407 0.146 0.099
QZ14 % 2.331 1.167 0.623 0.484 0.197 0.118
QZ15 I 1.340 1.073 0.415 0.352 0.167 0.096
QZ16 R4 2.040 1.216 0.512 0.462 0.183 0.103
QZ17 "4 2.182 1.383 0.585 0.465 0.189 0.124
Q718 B K918 2.201 1.069 0.527 0.269 0.182 0.106
QZ19 B4 T166 1.854 2.054 0.511 0.298 0.108 0.117
Q720 B K9816 2.030 1.230 0.703 0.347 0.181 0.106
Qz21 wE T266 1.742 0.978 0.601 0.261 0.173 0.131
Q722 % 2.105 1.223 0.714 0.487 0.217 0.131
Q723 i wE 2.108 1.117 0.593 0.512 0.165 0.147
QZ24 g T23 2.023 1.376 0.512 0.322 0.204 0.096
Q725 K4 T165 1.923 1.162 0.456 0.318 0.197 0.104
Q726 i 1.983 1.252 0.622 0.438 0.187 0.098
QZz27 L 1.010 0.812 0.396 0.235 0.137 0.067
Q728 g 2.657 1.083 0.625 0.456 0.196 0.116
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Table 3 Acceleration amplitude statistics of subgrade vibration induced by passenger and freight

trains on the Qinghai—Tibet railway

e — Geit i 3 (M1 eI (M2) B 3L (M3)

la | lay | la lay | lax ] lay |

I % % max 2.117 1.134 0.524 0.309 0.165 0.099
B vir 0.142 0.074 0.050 0.037 0.014 0.012

1 1% % max 2.184 1.255 0.573 0.470 0.190 0.115
B vir 0.148 0.079 0.060 0.038 0.016 0.014

%% max 1.796 1.145 0.551 0.303 0.174 0.110

m B4 vir 0.155 0.078 0.062 0.037 0.016 0.012
%% max 2.213 1.169 0.639 0.473 0.191 0.123

WA vir 0.149 0.075 0.061 0.040 0.017 0.015
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Table 4 Fitting parameters of subgrade vibration attenuation function in Qinghai—Tibet railway induced by passenger trains

] B[] (2) T ) (Y)
I 4P (‘ > ‘1:‘4
87 1t 44 5 i) A 5 C 1 B C
1 %% max 2.332 —0.524 0.017 1.678 —0.476 0.014
L vir —0.803 —0.342 0.008 —1.909 —0.201 0.003
I 524 max 1.517 —0.313 0.006 0.689 —0.184 —1.560
WA vir —1.582 —0.129 —0.004 —2.286 —0.106 —0.003
% max 2.764 —0.885 0.044 2.371 —0.963 0.050
I FE vir —0.580 —0.560 0.021 —1.589 —0.407 0.014
A max 2.810 —0.858 0.042 1.469 —0.537 0.019
B vir —0.569 —0.547 0.020 —1.657 —0.377 0.01
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