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Field monitoring of vibration response of subgrade in a seasonally frozen region
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Abstract: To investigate the dynamic characteristics of ground vibrations induced by moving vehicles in a seasonally frozen

region, three field experiments are carried out in the Daqing area of China in various periods throughout the year, in spring,

summer and winter, respectively. The results show that: (1) The negative exponent function is employed to fit the vibration

attenuation laws of subgrade, and the fitting parameters are provided. (2) The acceleration response amplitudes are influenced

by train types, train formation, travel speed and train load together. (3) In the frozen period, owing to the fact that the frozen

embankment surface layer increases the rigidity of the system and reduces the energy dissipation capacity, the vibration

responses in vertical and longitudinal directions are amplified rather than those in the unfrozen and thawing period. In the same

reason, the frozen embankment surface layer certainly restricts the lateral vibration role and reduces its response. (4) In the

spring melting period, the permafrost melts in two ways, and there is still a certain thickness of the frozen layer in the middle of

the embankment, which will prevent the water content in the embankment surface from penetrating and will melt in spring. So

the strength and stiffness greatly decrease, and under the train load, the acceleration amplitudes are reduced in the vertical and

longitudinal directions and enhanced in the lateral direction.
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Fig. 1 Geometry of monitoring section and layout of sensors in Daqging-Harbin railway
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Fig. 2 Time histories of acceleration at points C1 and C4
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Table 1 Amplitude statistics of subgrade vibration acceleration from trains at section K124+118 of Harbin-Daqing railway

- Eait] HEE HEIL(CT ) HEIE(C2 1) HEH(C3 1) HEIE(C4 1)
" B Manch ) A Jada loha laha Jadha laha el lada ok laha lada @k gzl
i 60 1+61 0.1037 0.2281 0.1754 0.1188 0.1027 0.1243 0.0152 0.0653 0.0571 0.0307 0.0001 0.0384
pLa| 65 2+15 0.0708 0.1343 0.1082 0.0889 0.0673 0.0739 0.0129 0.0347 0.0315 0.0194 0.0001 0.0243
L) 68 1+07 0.1109 0.2183 0.2033 0.1583 0.1141 0.1298 0.0126 0.0319 0.0295 0.0184 0.0001 0.0227
W& 2509 68 1+08 0.062 0.1389 0.1245 0.0918 0.0689 0.0831 0.0136 0.0393 0.0384 0.0201 0.0001 0.0276
LS W& k39 70 1+18 0.0619 0.1215 0.1156 0.0888 0.0622 0.0734 0.0128 0.0342 0.0353 0.0189 0.0001 0.0249
W3 72 1+17 0.0587 0.1171 0.1121 0.0851 0.0611 0.0709 0.0128 0.035 0.0336 0.0184 0.0001 0.0242
Wi 4 73 1+11 0.054 0.1181 0.0998 0.0853 0.0571 0.0714 0.0135 0.035 0.0352 0.0194 0.0000 0.0245
FR T507 140 1+10 0.0949 0.1672 0.154 0.1139 0.1023 0.0975 0.0143 0.064 0.0503 0.0315 0.0001 0.0375
i 60 1+56 0.1061 0.1021 0.1578 0.0768 0.0851 0.0816 0.0487 0.0648 0.0547 0.0293 0.0408 0.0317
FR T507 140 1+10 0.1541 0.1224 0.1958 0.1119 0.1119 0.0863 0.0614 0.0903 0.0569 0.0341 0.054 0.0442
% K129 68 1+11 0.0646 0.0595 0.1336 0.0448 0.057 0.0503 0.0276 0.0341 0.0268 0.0153 0.0214 0.0149
. W 4071 69 1+17 0.0904 0.0709 0.1476 0.054 0.0648 0.0588 0.0287 0.0362 0.0367 0.0176 0.027 0.0197
o W& 2509 69 1+18 0.0894 0.0716 0.1509 0.0545 0.0657 0.0595 0.0289 0.0367 0.0374 0.0179 0.0285 0.02
B4 N45 69 1+8 0.0827 0.07 0.134 0.0579 0.0673 0.0606 0.0295 0.0375 0.0377 0.019 0.0281 0.0204
W 1815 69 2+15 0.1029 0.0869 0.1637 0.0597 0.0768 0.0637 0.0321 0.0435 0.04 0.0204 0.0323 0.0243
P& k39 84 1+19 0.0926 0.0786 0.155 0.0577 0.0681 0.0633 0.0324 0.0417 0.0402 0.021 0.032 0.0229
i 60 1+60 0.2283 0.0966 0.3624 0.1351 0.0545 0.1101 — — — 0.0202 0.0264 0.0428
s pLa| 78 1+8 0.1627 0.0721 0.232 0.0986 0.0413 0.0771 — — 0.0183 0.0481 0.0232
e 2 122 — 0.1463 0.0671 0.2489 0.0972 0.0381 0.0735 — — 0.0137 0.0194 0.0262
2 T507 140 1+10 0.2233 0.0799 0.2583 0.1259 0.0526 0.1014 — — 0.019 0.0243 0.0357

TE: AT (ms?) .
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